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“The master’s guard dogs were characterized 
as pernicious, rapacious and only capable of  

uncontrollable violence. 
Yet, they only acted instinctively, with the innate loyalty of 

an ever-dedicated protector. 
And, so it is, with the 

maligned reactive oxygen species; 
truly, man’s best friend.” 

R. M. Howes, M.D., Ph.D. 
11/25/04 

 
 
 
Howes’ EMOD (Electronically Modified Oxygen Derivatives) Course 101:  
 
- Man is an electromagnetic being, whose existence depends upon a flow of electrons 
- All of our sensory data is received, processed and acted upon electrochemically 
- By design, some molecules efficiently participate in oxidation/reduction (redox) 
reactions by alternating between differing oxidation states, thereby promoting 
electron flow 
- Redox reactions of O2 and glucose are essential energy generating components of 
man’s electron transport chain, with its coupling to oxidative phosphorylation 
- Molecular acceptance and release of electrons establishes crucial electron flow 
- Electronically modified oxygen derivatives (EMODs) are ubiquitous forms of 
oxygen, which possess adequate reactivity for maintaining vital electron flow in man 
- Oxygen free radicals and reactive oxygen species are, by definition, EMODs 
- Many pathogens favor anaerobic metabolism and cancer cells are usually hypoxic 
- EMODs are essential for energy production, for pathogen protection, as secondary 
cell messengers and as virucidal, fungicidal and tumoricidal agents  
- H2O2 is likely the most prevalent and the most significant EMOD in the body 
- All antibodies generate H2O2 from singlet molecular oxygen (1O2*) 
- Over 127 genes and signal transducing proteins respond to cellular redox states  
- Oxygen is uniquely designed for sequential univalent reduction reactions  
- Molecules such as hemoglobin, iron, copper, myeloperoxidase, xanthine oxidase, 
ubiquinone, cytochrome P450s, the microsomal mixed function oxidases, NADPH 
oxidases and the hemeproteins are designed to participate in redox reactions, to 
generate EMODs and to maintain electron flow 
- Oxidants and antioxidants participate in redox cycling and collectively enhance 
electron flow in a coordinated manner  
- Many chemotherapeutic drugs and antibiotics involve EMOD activity 
- Spontaneous regression of diseases and cancer supports my theory that we possess 
a “continuously operational intrinsic oxidative disease defense system” 
- The ever-present potential for many diseases is held in check by sufficient EMODs  
- Substantial deficiency states of oxygen are pathognomonic of illness, inflammation, 
pain, loss of cognition and death 
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- Clustering--“One good free radical (EMOD) deficiency disease deserves another.”   
- Aging is, in part, a disease of deficiencies of systemic and cellular O2 consumption 
- Skin has the highest incidence of cancer and the lowest oxygen consumption 
- Antioxidant vitamins and dietary supplements can increase rates of cardiovascular 
disease, strokes, cancer and overall mortality 
- Antioxidant increased levels precede appearance of atheromatous lesions 
- Exercise generates extreme levels of EMODs and is our greatest adjunct for 
overall good health 
- The free radical theory has been invalidated by two decades of randomized studies 
- Internally, the body is continuously bathed in steady state levels of oxygen free 
radicals (EMODs), which proves their low toxicity  
- Presently, no consensus exists as to the cause of aging.   
- EMOD deficiency states “allow” for the manifestation of diseases and neoplasia 
- Without oxygen and/or EMODs, the life of obligate aerobes would cease 
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I      Preface 
 
Man is an electromagnetic being.  Information gathered from all five of our senses is 
converted into electro-chemical signals for central processing.  Our brains assimilate and 
electromagnetically analyze this data, following which, it electro-chemically formulates a 
response.  This response is then electro-chemically transmitted throughout our bodies for 
action or reaction.  Our existence is dependent upon the passage, the flow, or the 
movement of electrons, which we can measure by electrocardiograms and electro-
encephalograms.  Equally or even more importantly, the flow of electrons, via oxygen 
and the electronically modified oxygen derivatives (EMODs), is essential for 
energizing our state of being alive.  Without the flow of electrons we cease to live.   
 
Oxygen free radicals are designed to provide for the flow of electrons and I believe that 
antioxidants are designed as a possible assistant (not preventative) for this electron flow.  
By design, the shift back and forth between two oxidation states, via single-electron-
transfer reactions, is the property that makes iron and copper such essential components 
of the hemeproteins and enzyme complexes.  Transition metals can exist in several spin-
states and are able to relieve the π-electron spin restrictions of dioxygen.  The 
coordination of biomolecules by transition metals almost always involves the d-orbitals 
of the metal. As with oxygen, certain atoms and molecules are designed to promote 
vital electron flow.  Thus, the vast majority of so-called autoxidation reactions are most 
likely metal catalyzed.  Iron and copper can serve as prooxidants and deficiency states of 
both are associated with an increased incidence of cancer, infections and arthritis. 
Many researchers say that oxygen free radicals are causative of between 100-200 diseases 
and of aging, culminating in death.  In my view, many diseases, such as cancer, 
atherosclerosis, diabetes, obesity, arthritis and cataracts, appear to be interdigitated and to 
occur in clusters.  Clustering illustrates my principle that “one good free radical 
deficiency (EMOD) disease deserves another.”   
 
Researchers have used the in vitro analogy of milk or butter becoming rancid to illustrate 
the manner in which oxygen free radicals react with lipids inside a living/breathing cell.  
However, one only needs to remember that the best way to prevent butter from 
becoming rancid is to keep it in the cow.  Frequently, in vitro studies have minimal 
relevance to complex biochemical processes, which are constantly occurring in 
exponential numbers, within the synchronized and segmentalized living/breathing cell.  
 
The followers of the free radical theory (FRT) of oxidative stress and aging say that, 
“oxygen is killing us.”  They have engendered a societal “cult following” of 
radicophobes, who are unknowingly and dangerously trying to block basic salutary 
prooxidative processes with hyped vitamin and dietary supplemental nostrums.  The 
pendulum of homeostasis has swung to a precarious position in its arc of rationality, as it 
encroaches and moves into the zone of irrationality.  
 
The brain is an O2 sponge.  H2O2 is produced in dopamine nerve terminals by 
monoamine oxidase (MAO).  Catalase quantities are low and superoxide dismutase 
levels are high in the brain.  Both of these situations further increase H2O2 levels in the 
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brain and at neural terminals.  In the vulnerable brain, EMODs rule, normally, with the 
appearance very few of the predicted harmful effects of the FRT.  

Dr. Harman believes that support for the free radical theory is stated in the following five 
points: 
1) “Studies of the origin and evolution of life” 

By definition, this is a mega SWAG (scientific wild a$$ed guess) and is, at 
best, fanciful speculation. 

2) “Studies of the effect of ionizing radiation on living things” 
Comparing the energetics for the metabolic formation of oxygen free radicals 
to those products produced by ionizing radiation is as unreasonable as 
comparing products produced by the flame of a cup cake candle to those 
generated by the fusion fire of the sun.  The energies involved are 
remarkably and significantly different between the two processes. 

3) “Dietary manipulations of endogenous free radical reactions” 
Vitamin and dietary supplements have repeatedly been shown to cause 
harmful consequences, including increases in cardiovascular disease, strokes, 
cancer and in overall mortality.   

4) “The plausible explanations it provides for aging phenomena” 
Presently, there is no plausible explanation for the aging phenomena.  There 
have been over 300 unproven and unsupported “possible” explanations or 
theories put forth. 

5) “The growing number of studies that implicates free radical reactions in the 
 pathogenesis of specific diseases” 

Results from double blind, randomized studies involving hundreds of 
thousands of patients from the past two decades, have primarily shown that 
antioxidants do not effectively control or reverse diseases which have been 
attributed to oxygen free radicals (EMODs).  Implicating oxygen free 
radicals in disease causation has proven to be inaccurate, misleading and 
unfounded. 

 

If one is allowed to be prejudicially selective from the world’s scientific literature, one 
can offer biased support that electronically modified oxygen derivatives (EMODs) cause 
disease, that EMODs are not directly related to disease or that EMODs make no 
difference at all in disease occurrence or in the aging phenomenon.  I have tried to follow 
the precarious pathways leading to scientific truth and to avoid corridors of confusion.  
“Poor selection of terminology” could be the mantra of redox biochemistry.  Frequently 
repeated and false impressions and embellished inaccuracies have led to the acceptance 
of flawed theories and disproven hypotheses.  Yet, the inaccuracies and the unsupported 
theories, relative to EMODs, are now, more than ever, erroneously referred to as being 
firmly established facts.   

Followers of the free radical theory and the mitochondrial theory of aging say that aging 
is a stochastic (random) disease of accumulation of damaged products of oxidation and I 
say that aging and disease are the result of deficiency states, especially of EMODs.  
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Others have said that disease is a problem of oxygenation but I say that it is, specifically 
and in particular, a problem of oxidation.  The magic of oxygen’s unique reactivity lies in 
the individual reactivities of the various EMOD derivatives. Aging and EMOD 
formation are occurring simultaneously but they do not causally relate.  Aging is a 
universal phenomenon occurring in all known entities, not just living beings on 
planet Earth.  To stop aging in man would represent a unique and singular 
cosmological exception. 
 
First, and contrary to the teachings of the free radical theory, one must realize that 
oxidants or EMODs are essential for good health.  Second, one must appreciate the fact 
that antioxidants can be harmful and third, that EMODs serve to aid redox cycling.  
Fourth, the constant presence of high concentrations of steady state levels of EMODs is a 
strong argument for their obvious low toxicity.  Fifth, huge clinical studies have shown 
that vitamins and antioxidants produced increases in heart disease, stroke and cancer.  I 
believe that this is a strong argument for the importance of a sufficiency state of EMODs, 
i.e., conditions which substantially decrease EMOD levels “allow” for the manifestation 
of a wide array of diseases. 
 
With aging, after the 2nd and 3rd decades of life, we gradually and progressively have 
decreases in oxygen consumption, decreased ability to transport oxygen to our cells and 
decreased abilities for our cells to generate EMODs and adenosine triphosphate (ATP).  
EMOD production is believed to be stoichiometrically related to O2 consumption.  Thus, 
with increasing age, while there is progressive decreasing O2 consumption, we see 
increasing incidences of cancer, cardiovascular disease, atherosclerosis, diabetes, 
arthritis, cataracts, tissue hypoxia, pain and susceptibility to all diseases.  In fact, those 
who seem to have the best health are the individuals who exercise and who 
metabolize the highest levels of oxygen and generate the highest levels of EMODs. 
 
A lack of oxygenation leads to a lack of oxidation, which leads to or “allows” for 
disease manifestation. Ground state oxygen lacks the reactivity necessary to 
participate in the complex biochemical reactions required to maintain homeostasis, 
to protect us against pathogens and to sustain our health.  EMODs are sufficiently 
reactive to protect and to heal us. 
 
Our bodies instinctively know of their dire need for adequate oxygen levels.  Oxygen 
consumption per kilogram in a normal fetus is almost double the consumption of the 
adult.  I believe that this high fetal O2 consumption rate argues against the alleged 
toxicity of O2 and its derivatives.  The evolutionary process has chosen to double the 
O2 consumption during this most crucial fetal growth period and sensitive time of 
human development. 

I say that these oxygen radicals are responsible for health and life of the living/breathing 
cell.  The primary process which stands between us and constant or perpetual 
infections or manifestations of neoplasia, is our ability to generate oxidative events 
in the form of EMODs, which forms a major part of our “intrinsic defense system.”    
Cyclic neutropenia, chronic granulomatous disease and spontaneous regression of cancer 
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illustrate my point.  Neutrophils produce pathogen protective EMODs. It appears that the 
key players, among others, in the immune system, in preventing infections and cancer, 
are antibodies, macrophages, lymphocytes, neutrophils, T-cells and Interleukin-2.  All of 
these can and do generate or stimulate EMOD production.  Antibodies can generate 
hydrogen peroxide (H2O2) from singlet molecular oxygen (1O2*). Antibodies produce up 
to 500 mole equivalents of H2O2 from 1O2*, without a reduction in rate. There is an 
enormous potential for H2O2 production by antibodies.  I believe that this inter-
relationship between 1O2*, H2O2 and O3 will prove to have great significance in the 
generation of a DOA (deadly oxidative assault) and prooxidant protection towards 
cancer and disease.   

The Cercospora nicotianae SOR1 (singlet oxygen resistance) gene has been identified as 
a gene involved in the resistance of this fungus to singlet-oxygen-generating phototoxins.  
I believe it indicates that mammals have a basic need for 1O2, otherwise, we would 
have evolved a similar gene to block it….but, we have not. 

I believe that these EMODs are the fundamental basic elements for prooxidant protection 
from pathogens and neoplasia and that they are responsible for oxidative self-healing and 
for staving off death. They keep countless pathogens and neoplastic cells continually in 
check and they await bodily injury, such that they can assist in collagen synthesis and 
wound healing.  Just as the body has the fibrinolytic system which continually keeps 
blood from clotting intravascularly, the body has oxidative systems which keep 
cancer from growing, plaques from forming, herpetic lesions from developing and 
cataracts from coalescing.  My review of the literature revealed that spontaneous 
regression is also seen in arteriosclerosis, cataract formation, a wide range of cancers, 
HIV/AIDS, arthritis, etc.  This gives strong support to the position that we must have in 
place an intrinsic system to hold in abeyance or reverse these conditions or they would 
remain or progressively get worse. 
 
Estimates are that human cells produce up to 10 million EMODs/mitochondria/day. 
Mitochondria are present in all eukaryotic cells in varying numbers, from hundreds to 
thousands and the body contains between 75-100 billion cells.  EMODs, especially 
superoxide anion, H2O2 and nitric oxide, serve as messengers to the cytosol, the nucleus 
and all areas within the cell and in its immediate environs. 
 
Consider the issue of the alleged toxicity of EMODs.  It is estimated that the 
mitochondria produce 15% of the EMOD generation by aerobic cells. The endoplasmic 
reticulum produces 45% and the peroxisomes produce 35%.  Further, it has been found 
that EMODs are produced by all nucleated cells, glial cells, and by platelets. The have 
been found to be produced within the cell by the lysosomes, phagolysomes, the nucleus, 
and the plasmolemma. Based on accepted calculations of EMOD production, the body is 
literally internally bathed in steady state levels of oxygen free radicals (EMODs).  
This is particularly true for tissue or organs, which have high levels of oxygen 
consumption, such as the heart and the brain.  Instead of being destroyed by these high 
levels of EMODs, these organs thrive and are dependent on the essential presence of 
these crucial EMODs. 
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They say that antioxidants counter or block the harmful effects of EMODs, but I say that 
they are designed to assist EMODs in the passage of these electrons and that they actually 
act, at least in part, as co-oxidants or co-prooxidant protective agents.  All antioxidants 
can become prooxidants.  Antioxidants are major assistants and participants in redox 
cycling (e.g., vitamin C, α-tocopherol, glutathione, sulfhydryl groups, etc.).  I believe that 
this allows for the continual electron flow and provides for the presence of adequate 
levels of EMODs, for uninterrupted pathogen and neoplasia protection, and decreases the 
possibility of excesses of EMODs.  In a sense, EMODs and antioxidants work 
together; otherwise, one can not explain the prooxidant activity of antioxidants.  Further, 
I believe that EMODs participate in self-regulation and feed-back control mechanisms.  
We must keep in mind that superoxide and hydrogen peroxide are the two main products 
of mitochondrial and microsomal metabolism and the other EMOD derivatives are 
primarily derived from them.  I believe that EMODS and antioxidants work in a 
coordinated modulating system to establish homeostatic redox levels. 
 
Experiments to test the effectiveness of antioxidants in the prevention of disease and for 
curtailing aging have largely failed to do so, when tested in double blind, randomized 
cohort studies.  Stated simply and logically, antioxidants do not prevent the alleged 
“EMOD-caused diseases or aging” because these conditions are not caused by oxidation.  
Thus, the free radical theory of oxidative stress and aging has been invalidated.  A 
new paradigm of predictability must be theorized, which will more correctly explain 
current scientific and clinical observations.   
 
Additionally, EMODs surround us externally in the atmosphere and on the skin, 
secondary to reactions of O2 with UV light.  We inhale and exhale EMODs, we drink 
them, we eat them in raw and cooked foods, we generate them in the digestion of foods 
and we find them present in the excretory organs of the gastrointestinal tract and the 
urinary system.   
 
Once O2 enters the vascular system, 3% of hemoglobin produces superoxide and all 
layers of the vascular wall are constantly generating EMODs.  Further, within the 
vascular system, the red blood cells, the platelets and the white blood cells are all 
producing EMODs at varying levels throughout the diurnal cycle or in response to injury 
or disease.  Hyperoxic or hypoxic inhalation respectively regresses or aggravates the 
development of atherosclerotic lesions, not by an indirect action on blood lipid 
concentrations but by a direct action on the vascular wall.  I believe that this indicates 
that EMODs, derived from hyperoxia, are present in and on the arterial wall and are 
responsible for the maintenance of a plaque-free intima and media.  An EMOD 
deficiency state allows for plaque formation and augmentation of the lesion.  
 
As a result of our healing process, type VI plaque lesions can return to type V 
morphology.  I believe that this indicates that plaques are frequently “repaired” by our 
self-cure system, which is responsible for normally keeping plaque formation under 
control. The mere fact that lesions can spontaneously regress, or be healed, is classic 
evidence that we normally possess the ability to keep plaques in abeyance and/or to 
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decrease or heal plaques already formed.  Our body protects us with the primary way 
that it has available to it, which is through oxidation. 
 
Contrary to expectation, all major antioxidant enzymes showed a significant 
upregulation before plaque formation, reaching a peak roughly coinciding with the 
onset of intimal thickening.  Increased antioxidant enzymes reduced EMOD levels such 
that atherosclerotic lesions were “allowed” to develop.  Thus, the cause of the lesion 
formation was due to an EMOD deficiency state in the vascular wall.  Further, it has 
been shown that there is a “surprising high content of low-molecular weight antioxidants, 
such as vitamin E, ascorbate, and urate” in human atherosclerotic plaques.  Also, there 
is a weak glutathione-related enzymatic antioxidant shield in human atherosclerotic 
plaques. 
 
In studying the problem of human bacterial infections following cardiac valve 
replacement, with prosthetic valves or xenografts, these sites have a peculiarity which 
makes them vulnerable to pathogenic bacterial growth.  I believe that the lack of 
endothelial cells and their production of EMODs “allows” for this pathogenic growth.  
This is expressed as bacterial endocarditis and vegetations.  I came to realize that all 
layers of the vascular wall continuously generate EMODs and I feel that this is the 
primary protective modality which normally prevents endocarditis and vegetations.  In 
other words, the vascular system is frequently seeded with pathogenic organisms but 
EMOD production by the vascular endothelial cells and the vascular smooth muscle cells 
prevents them from being a suitable site for pathogen growth.  It is stated that bacteria are 
allowed into the vascular system from faulty dentition, cuts or abrasion in the skin or 
following bowel movements.   
 
The presence of bacteria has proven to be very high in arteriosclerotic and atherosclerotic 
lesions.  This is especially true for Chlamydia.  I feel that this is because the presence of a 
plaque or calcification is a site which has diminished abilities to produce EMODs and 
thus, it is a logical fertile site for bacterial growth.  Additionally, I believe that 
deficiencies of EMODs at this site allow for increased aggregation of circulating 
atheromatous materials. 
  
The association between cigarette smoking, atherosclerosis and systemic diseases is 
well established. Smoking produces EMOD deficiency levels in the arterial wall, which   
then “allows” for the development of atherosclerosis.  A few puffs on a cigarette will 
reduce your oxygen absorbing capability by about 25%.  Cigarette smoke exposure 
results in an  acute decrease in delivery of oxygen to the artery wall during cigarette 
smoke exposure and a chronic, persistent decrease in delivery of oxygen to the 
artery wall with long - term cigarette smoke exposure.   
 
It seems most important that aortae from old animals still act like old vessels when 
transferred to young ones.  To me, this indicates that the deficiency states of EMOD 
production in the older animals persists even after it has been transplanted.  There has 
apparently been a modification of an intrinsic vascular wall defense system, i.e., EMOD 
production.  
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Human studies have shown that cigarette smoking decreases tissue and systemic 
oxygen supply.  Thus, I would expect systemic problems.  Cigarette smoking alters 
endothelial cell structure similar to that found in models of systemic hypoxia and 
increases endothelial cell permeability to many substances including cholesterol.  
Cigarette smoking acutely decreases the delivery of oxygen to the artery wall during each 
exposure to cigarette smoke and this effect occurs along with a corresponding decrease in 
arterial blood oxygen content.  The decreased levels of ground state oxygen lead to 
deficiency states of EMODs, which in turn “allows” for the development of systemic 
diseases, neoplasia and atheromatosis.  

Man does not synthesize the many antioxidants that are available to the plant world, such 
as the carotenoids, tocopherols, polyphenolics, vitamin C, lycopenes, and the flavonoids.  
According to the free radical theory, the body should be making these antioxidants by the 
pound, such that we are protected from these alleged most-damaging and critical 
toxins, i.e., oxygen and its derivative metabolites…but, we do not.  Over 80-90% of 
O2 that living organisms breathe is used in the mitochondria to generate our fuel in the 
form of ATP.  The crucial importance of O2 for human existence is readily apparent. 
 
Oxidative and antioxidative agents (redox agents) work in amazing synchrony to 
perpetuate electron movement and to utilize the full complement and potential of all 
metabolically generated electrons.  At least 127 genes and signal transducing proteins 
have been reported to be sensitive to reductive and oxidative (redox) states in the 
cell.  I do not believe that antioxidants are present in the cell or that they are created to 
prevent the formation of needed free radicals, because they are themselves turned into 
free radicals, after reacting with a free radical.  Furthermore, all antioxidants can be 
prooxidants.  If the free radical theory is correct, then antioxidants become what they fear 
most, i.e., free radicals. 
 
It has been shown that supplementation with antioxidant vitamins will not lower serum 
lipid and lipoproteins or blood pressure.  Moreover, a recent study, conducted in more 
than 20,000 subjects, found that vitamin E, vitamin C, and -carotene supplementation 
resulted in small but significant increases in serum total cholesterol, low density 
lipoprotein-cholesterol, and triglyceride concentrations.  In another study, no significant 

differences were found in serum lipid, lipoprotein, and C-reactive protein concentrations, 
blood pressure, or intima-media thickness between vitamin supplemented and non-
supplemented subjects. Three large trials, ATBC, GISSI, and HOPE, involving 
thousands of subjects failed to show a reduction of cardiovascular events when 
vitamin E was used at doses ranging from 50 to 400 IU per day.  Some studies show 
that individuals with iron overload do not suffer from premature atherosclerosis. 
 
By taking into account the fact that many people live healthy and normal long lifespans, 
it is abundantly clear that so-called EMOD toxicity is extremely low or no one would be 
capable of attaining old age in relatively good health and with a properly functioning 
brain.  However, one must take into consideration “the Paracelsus principle,” which 
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states that anything in extremes can be harmful. It is also well known that hypoxia is 
pathognomonic of disease, illness, inflammation or injury.  Anaerobic metabolism is 
favorable to many pathogenic organisms and hypoxia is the predominant condition within 
cancerous cells.  Hypoxia allows cancer cells to be more aggressive, to metastasize 
and impairs the effect of radiation, which is based on the generation of tumoricidal 
EMODs.  Conditions which substantially decrease the amount of oxygen available to the 
cell, at the EMOD production level in the electron transport chain and oxidative 
phosphorylation, will predictably cause or result in the manifestation of disease and/or 
cell death.  
 
Hyperthermia increases the effectiveness of cancer therapy dramatically. As the 
body’s natural response to heat, hyperthermia increases blood flow and oxygenation 
and increases rates of chemical reactions, overcoming tumor resistance to radiation and 
chemotherapy. Hyperthermia also improves the performance of certain anti-cancer drugs, 
many of which generate EMODs. 
 
Clinical scenarios, which have intentionally produced EMODs in tens or hundreds of 
thousands of patients, such as irrigation of wounds with hydrogen peroxide or 
phototherapy for hyperbilirubinemia, have proven that the intentional stimulated 
production and utilization of EMODs is safe and without long term adverse effects.  
Hydrogen peroxide has been used for over a century and phototherapy has been 
successfully applied for over half of a century.  Conversely, conditions which have used 
classic antioxidants, such as α-tocopherol or β-carotene, have been shown to cause 
increased rates of strokes, cardiovascular disease and overall mortality.  Some 
studies have even indicated significantly increased rates of cancer with the use of β-
carotene.  Yet, investigators desperately try to make their data fit the invalidated and 
erroneous free radical theory.   
 
I believe that it is possible that the current US epidemics of cancer, diabetes, obesity and 
fatigue are worsened by increased ingestion of vitamins and dietary supplements, which 
are routinely found as additives or fortifiers of many foods.  These agents likely interfere 
with our prooxidant protective system and with energy production. The negative effects 
of antioxidant vitamins and dietary supplements will likely be magnified in 
immunocompromised patients.  

Therapeutic remission of rheumatoid arthritis (RA) has been obtained following intra-
articular administration of superoxide dismutase (SOD).  Please remember that SOD 
generates H2O2 with great efficiency. Also, rheumatoid joints have been successfully 
treated by direct injection of H2O2. 

Ironically, gouty joints have all of the signs of “inflammation,” all of which are caused 
by the so-called super antioxidant, uric acid.  Another natural antioxidant, bilirubin, is 
responsible for kernicterus and permanent brain damage.  Considerable bodily harm can 
be caused by natural and synthetic antioxidants. 
 
I was first struck by the importance of EMODs when my studies, with Dr. Richard Steele, 
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in the early 1970’s revealed that mammalians are capable of generating electronic 
excitation states with the microsomal mixed function oxidases and cytochrome P450.  
Later, I became aware that singlet oxygen could selectively kill cancer cells via 
photodynamic therapy (PDT).  PDT is used to treat diseases ranging from cancer to 
psoriasis and utilizes injectables or ointments, which are light-activated to produce singlet 
oxygen. Long-persisting photoproducts continue the initiation of apoptosis for about 100 
minutes following irradiation.  The resulting singlet oxygen causes little damage to a 
mammalian cell, because it is well prepared for oxidizing reactions. It has been 
shown that phagocytic cells can kill cancer cells with the respiratory burst, when there is 
a sufficiency of EMODs. 
 
Ultimately, this led me to develop an orthomolecular singlet oxygen cancer therapy 
generating system, which I have used to selectively kill human squamous cell carcinoma 
in athymic mice and human basal cell skin cancer.   
 
Further, in the literature, I was struck by Dr. William Coley’s work, at the beginning of 
the 20th century, with spontaneous regression of cancer.  He demonstrated that when 
the body developed an infection and followed it with a massive reaction to the pathogen, 
apparently, the markedly increased levels of EMODs produced by drastically stimulating 
the respiratory burst, resulted in tumoricidal activity at both the cancer’s primary and its 
metastatic locations. 
 
In the 1960’s and the 1970’s, a group at Baylor University Medical Center found that 
intra-arterial and intravenous administration of hydrogen peroxide would aid in killing 
cancer, pathogens and in the regression of arteriosclerotic plaque.  I believe that 
hydrogen peroxide is the most prevalent, and perhaps the most significant EMOD in 
the body, even exceeding the well recognized importance of nitric oxide.  Subsequent 
work done with PDT has revealed that the use of fiber optics and photosensitizers, which 
generate EMODs, will also dissolve arteriosclerotic plaque and kill cancer cells.   
 
Now, it is realized that EMODs represent our most important means of defense against 
bacteria, viruses, fungi, protozoans and neoplasia.  True, there is considerable debate as 
to the identity of the most potent bactericidal EMOD but clearly EMODs are of primary 
protective importance. 
 
The currently accepted tortured logic of the free radical theory teaches that oxygen and its 
radicals are highly toxic, even lethal.   I believe that the overall data shows that they are 
wrong.  I believe that these EMODs are primarily “protective prooxidants.”  Further, I 
believe that they are of low toxicity, considering the fact that all of our aerobic cells are 
continually bathed in steady state levels of EMODs, throughout our entire lifetimes. 
 
The chemotherapeutic drugs doxorubicin, mitomycin C, etoposide and cisplatin are 
superoxide generating agents.  The anti-estrogen tamoxifen, used in breast cancer 
therapy, induces oxidative stress within carcinoma cells. This adds support to the results 
seen with PDT and with the Howes Singlet Oxygen Cancer Therapy System.  
Radiotherapy and photodynamic therapy generate oxygen radicals within the carcinoma 
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cell.  In my opinion, this is adequate to show that EMODs are, indeed, tumoricidal. 
Photosensitization reaction of drugs, including many antibiotics, leads to the formation 
of reactive oxygen species (1O2*) under ultraviolet radiation and oxidation plays a major 
rule in the actions of some antibiotics. 
 
Many of the diseases treated with interferon have been postulated to have been caused 
by excessive levels of EMODs and yet, they have been treated, with varying degrees of 
success, with interferon, an immune cytokine known to increase EMOD levels. 
 
Skin cancer is the most common type of cancer in the United States. The skin has the 
highest incidence of cancer and the lowest oxygen consumption of all of the body’s 
organs.  I believe that it this is related to relative hypoxia and subsequent deficiency of 
EMODs, thus, “allowing” the manifestation of neoplasia.  Aging skin receives less 
oxygen than young skin.  I believe that this argues that the skin in aged patients has 
decreased abilities to produce EMODs and is more susceptible to infection, injury, 
necrosis and cancer.   
 
Skin tumors called keloids have decreased and narrowed vessels, which likely reduces 
oxygen perfusion and which allows the keloids to develop due to a deficiency of 
EMODs.  
 
By definition, granulomas are tumors.  Chronic granulomatous disease patients can not 
generate an oxidative EMOD respiratory burst.  According to the Free Radi-Crap theory 
of aging, they should live longer….but, they die at younger ages from infections.  They 
have EMOD deficiency levels, which I believe serve to “allow” for the manifestation of 
tumors and frequent infections. 
 
If chronic inflammation is causative of cancer, as is argued by the followers of the Free 
Radi-Crap theory of oxidative stress and aging, then steroids, which inhibit inflammation, 
should reduce cancer rates or prevent cancer formation.  In actuality, just the opposite 
happens, in that steroids cause patients to develop infections, cataracts and tumors more 
frequently than normal and cessation of the steroid intake, can stop the infections and 
result in spontaneous remission of cancer. 
 
Type 2 diabetes is increasing at epidemic rates and is beginning to appear in children and 
adolescents, just as is arteriosclerosis.  I believe that the fats accumulated in young obese 
patients serve as a trap for EMODs and this “allows” for the development of diabetes and 
atherosclerosis.  There is a decrease in the immune system which is seen in obesity and 
may be related to the presence of double bonded fats, which act as sink for EMODs.  It 
seems obvious that all of these factors are interrelated.  Obesity is like a chronic 
inflammation of the adipocytes and these areas have lower levels of oxygen and 
consequently, lower levels of EMODs.  Thus, low EMOD levels “allow” for the 
manifestation of many diseases.  It is rare for any of this cluster of diseases to occur in a 
patient as a single disease entity and not be associated with other diseases of this EMOD 
deficiency group. 
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Routine exercise is widely recognized as one of the most important adjuncts for disease 
prevention and maintaining overall good health, even though it generates extreme 
quantities of EMODs in humans.  Risk reduction for chronic degenerative diseases 
can even occur with low levels of exercise as was made clear in consensus statements 
published by the Centers for Disease Control and Prevention and the ACSM.  I believe 
that the most common denominator for the body’s responses to exercise, are an increase 
in oxygen consumption and oxygen utilization, both of which result in increased levels of 
EMODs.  Oxygen consumption increases up to 20 times greater with exercise than 
the resting level, resulting in an elevated flow of oxygen through the mitochondrial 
electron-transport chain and a stoichiometric increase in EMOD production.  According 
to the free radical theory, the presence of the alleged damaging EMODs would 
promote increases in diseases and aging….but, that does not happen. 
 
Regular physical activity helps reduce the incidence of the “EMOD deficiency cluster of 
diseases” and the severity of related co-morbidities such as cancer, diabetes, 
hypertension, dyslipidemia and obesity.  Exercise promotes the release of neutrophils into 
the circulation and studies suggest that neutrophils mobilized after exercises have an 
enhanced capacity to generate some forms of EMODs. 
 
Exercise is a physiologically relevant source of so-called oxidative stress.  I believe that 
we should consider exercise to be a medicine and that each episode of exercise is 
equivalent to a substantial dose of EMODs. 
 
Presently, no consensus exists as to the cause of aging.   
 
Available data about age-associated changes in free-radical processes are discrepant, 
conflicting and inconsistent.  It has been assumed by the sycophants of the free 
radical theory that the production of oxygen free radicals increases with age but 
that is not necessarily the case.  Data on age-associated changes in the activities of 
CuZn-superoxide dismutase (SOD) and peroxidation of lipids and proteins in different 
tissues are contradictory. SOD activity was significantly lower (by 46.8%, p<0.001) in 
the brain of aged rats compared with young rats. This follows my belief that SOD is a 
primary generator of EMODs, e.g., H2O2, and I would expect aging to result in a relative 
deficiency state of EMODs, which is reflected by decreased SOD in the brain. The total 
antioxidant activity of brain did not decrease with increased age in these studies.  
Noteworthy is the fact that in either the liver or blood serum, generation of EMODs 
significantly decreases with increasing age in humans.  
 
Aging is associated with a reduction of physical activity and fitness and cognitive decline 
goes hand in hand with advancing age. The brain, which is composed of post-mitotic 
cells, has high lipid content, low levels of antioxidants, high iron content and very high 
levels of EMOD production.  Yet, it can function normally for a lifetime.  Human aging 
is also associated with decreased glucose metabolism, and glucose metabolism is reliant 
on a sufficient and continuous supply of oxygen.  Maximum breathing capacity decreases 
approximately 40% during this period and individuals with chronic lung diseases, such as 
emphysema, suffer a more significant decline.  Lung capacity decreases 5% with every 
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decade of life.  Cardiovascular function declines approximately one half of one percent 
each year, starting around age 30.  
 
There is a 40-50% decline in muscle mass and a similar decline in bone mass, along with 
a simultaneous increase in body fat in both men and women.  The metabolic rate also 
declines with age and is primarily affected by muscle mass.  After 25 years of age, we 
tend to gain one pound per year as we age.  Hormone production declines with age. 
 
Involution of the thymus begins early in life and by mid-life it is about 15% of its 
maximum size, with the cellular mass of the thymic cortex having fallen by 75 to 80 
percent.  As the body ages, the immune system decreases.  I believe that the body has to 
respond with or by attempting to increase EMOD levels, including 1O2, H2O2 and O2

.- in 
order to provide adequate prooxidant protection.  Yet, with aging, there is a relative 
EMOD deficiency state.  The prevalence of both cancer and anemia increases with age.   
 
The amount of oxygen moving in and out of the lungs and to the muscles may 
decrease 40% between 30 and 65 years of age.  The cardiac muscle progressively 
decreases in size and strength and it pumps less, and the amount of blood flow throughout 
the body is slowed to about 70% that of a 30 year-old.  The whole alveolar tree becomes 
less elastic as we age and there is a decrease in the alveoli surfaces after age 20 of 3 
square feet/year.  There is less lung blood flow, less elasticity and 40% less air moving in 
and out of the lungs.  The cell oxygen consumption decreases progressively with age. 
However, this diminution of the cellular oxygen consumption is neither regular nor 
uniform.  Alveolar macrophages freshly harvested from non-sensitized aged rats produce 
less O2

.- than those from young animals.  The activity of CuZn-superoxide dismutase 
(SOD) was found decreased in the brain of aged rats (30 months old) by 46.8% as 
compared to young animals.  Collectively, I believe that these are the reasons for the 
changes seen with aging and with the appearance of EMOD deficiency diseases, 
such as cancer, arteriosclerosis, diabetes, arthritis, susceptibility to infections 
and cataracts. 
 
Caloric restriction (CR) apparently not only increases longevity and life span but it also 
postpones age-related diseases, decreases the rate of aging, and delays development.  
Shifting a diet's relative amounts of nutrients, such as carbohydrates, protein, and fat, 
while only modestly cutting calories, extends the lifespan just as much as a drastic calorie 
cut does. 
 
Peroxisomal oxidation of fatty acids has been recognized as an important source of H2O2 
with prolonged starvation.  This may be involved in increased longevity with caloric 
restriction.  One common feature of animals, such as mice, rats, and monkeys, under CR 
is a lower body temperature.  The energy consumption theory is contradicted by studies 
which showed that mice kept at lower temperatures, eat 44% more than control mice and 
yet do not age faster.  CR results in profound and sustained beneficial effects on the major 
atherosclerosis risk factors, serum total cholesterol, LDL-C, HDL-C, triglycerides and 
blood pressure. Reportedly, CR provides a powerful protective effect against obesity and 
insulin resistance, provides evidence for a decrease in inflammation and lowers the risk of 
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developing atherosclerosis.  Extensive volunteer studies in humans are warranted for CR, 
due to the possibility of its being the first method to actually increase the lifespan and 
slow aging in man. 

One recent study, in Drosophila, found that lowering EMOD leakage from the 
mitochondria did not result in extended longevity and it failed to find differences in 
EMOD production in CR flies despite their living longer.  Both Drosophila and C. 
elegans are mostly composed of post-mitotic cells, which may explain why results from 
these invertebrates are much more supportive of the free radical theory of aging than 
results from mice. 

Oxidation is implicated in cataractogenesis.  However, the protein-bound chromophores, 
which increase with aging in the human avascular lens, act as UVA sensitizers, producing 
almost exclusively singlet oxygen in vitro. Direct irradiation of whole, aged human lenses 
with high intensity UVA light, failed to produce singlet oxygen damage. Thus, low 
oxygen levels in the lens prevent singlet oxygen damage in vivo. 
 
In conclusion, the predominance of the scientific evidence, which I have presented, does 
not lend support to the free radical theory of oxidative stress and aging.  I have proposed 
a new paradigm to explain the metabolism of oxygen and its electronically modified 
derivatives.  Basically, my Unified theory emphasizes the fundamental role of EMODs in 
prooxidant protection from pathogens and neoplasia, the maintenance of homeostasis and 
in providing the key elements for a lifetime of normal self-healing.   
 
 
Prof. Hon. Randolph M. Howes, M.D., Ph.D. 
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II   Introduction 
 
1.0 The Free Radical Fairy Tale 
 
Perpetually repeated false impressions and exaggerated inaccuracies have led to the 
acceptance of flawed theories and disproven hypotheses.  Yet, the inaccuracies and 
the theories, relative to oxygen free radicals, appear to live on and they are now, 
more than ever, erroneously referred to in the scientific literature as proven facts.  
Sadly, the Free Radical theory of oxidative stress and aging seems to be indelibly 
tattooed into the frontal lobes of the minds of current medical scientists, who have 
accepted and embellished this fairy tale rumor with the zeal of a child embracing 
the perceived reality of Snow White, Mickey Mouse and Jolly Old St. Nick. 

It appears to me that the oxy-morons are an insular group, who can not accept the 
inaccuracies of their predictions and who are stuck with the limitations of their 
imaginations.  They need to rid themselves of the burdens of the erroneous Free 
Radi-Crap theory and open their minds toward the beneficent sufficiency of cellular 
electronically modified oxygen derivatives (EMODs).   RMH 4-7-05 

Many authors have stated that, “In the past several years, unprecedented progress has 
been made in the recognition and understanding of roles of reactive oxygen species in 
many diseases.  These include atherosclerosis, vasospasms, cancers, trauma, stroke, 
asthma, hyperoxia, arthritis, heart attack, age pigments, dermatitis, cataractogenesis, 
retinal damage, hepatitis, liver injury, and periodontitis, which are age related.” (Lee, J., 
Koo, N. and Min, D.B.  Reactive oxygen species, aging and antioxidative neutraceuticals.  
Comprehensive Reviews in Food Science and Food Safety.  2004, Vol. 3, pp. 21-33).  
Unfortunately, they have implied a cause and effect relationship between reactive 
oxygen species (EMODs) and over 100 diseases (now some authors say over 200 
diseases, actually it is as many diseases as they can think of), including aging.  I do 
not agree with their assessment and a review of the literature will readily reveal that the 
evidence linking these conditions to reactive oxygen species is clearly circumstantial.  
Proof is lacking. Data is confusing and contradictory, such that arriving at scientific proof 
is impossible, and following the faint truth-trail, in search for the scientific Holy Grail of 
cellular biochemical reality, is rife with difficulty. Separating “fact from factitious” 
has become increasingly challenging.  
 
Extrapolations of data obtained from in vitro studies to the living/breathing cell 
have been occasionally disastrous and frequently erroneous.  The complexities in the 
living/breathing cell are light years removed from the simplicity of test tube studies, 
which are clearly laden with countless artifacts.  Perhaps the most important aspect of 
these artifacts is due to the fact that in vitro studies take place outside of the living 
totality of a respiring aerobic organism and are conducted in the glass-casket test 
tube, housed inside the sterile confines of the laboratory-morgue.  This is, indeed, a 
far cry from the beautifully integrated complex of a living cell and its incorporation 
into a living and fully functional organism. 
 

Page 36 of 931 



1.0.1 Ubiquitous Free Radicals 
 
Reactive oxygen species are grouped together in a meaningless manner.  Not all of the 
reactive oxygen species (ROS) are “reactive” and many are not free radicals.  The 
reactive oxygen species must be considered on an individual molecular basis because 
of vastly differing one electron reduction potentials (redox potentials), rate constants, and 
chemical reactivities.  I believe that it is no longer acceptable to “lump” RONS 
together under one incorrect grouping, heading or classification.  (Refer to UTOPIA 
1st ed., Vol. I, pg. 70). 
 
In the US, we spray 1.2 billion pounds of pesticides on our food crops, feed 9 million 
pounds of antibiotics to our farm animals, and dump 90 billion pounds of toxic wastes 
into 55,000 toxic waste sites annually.  There are 5 million registered chemicals in the 
world and humans contact 70,000 of which 20,000 are considered carcinogens. 
Exogenous sources of free radicals are from environmental toxins in the water, air, smog, 
ozone, chemicals, drugs, pesticides, herbicides, cigarettes, radiation, and trace metals 
(e.g., lead, mercury, iron and copper). Yet, our average lifespan continues to increase! 
 
 

“It, and its kindred, stands as the singular barrier  
between health and sepsis, 

between normal and cancerous, 
between living and dead. 

This astonishing anomaly, of the periodic table, 
offers unsolicited chemical solace 

to the vulnerable collective of living creatures. 
Thank you, most beloved 

oxygen.” 
R. M. Howes, M.D., Ph.D. 

11/25/04 
 
1.1 EMODs (Electronically Modified Oxygen Derivatives) 
 
It is also time to discard ROS, RONS, OS, ROI, ROM, AOS, etc. and utilize a more 
meaningful and accurate term.  I propose the term “electronically modified oxygen 
derivative(s)” (EMODs).  This term does not imply charge, radicality, or reactivity.  It 
merely indicates that an electron(s) of oxygen has (have) been altered or changed 
from it ground state orbit.  This avoids all of the inaccuracies of terms such as reactive 
oxygen species, reactive oxygen metabolites, or oxygen intermediates, all of which 
should be discarded from usage.  Thus, EMODs include superoxide anion, singlet 
oxygen, hydrogen peroxide, hypochlorous acid, peroxynitrite, hydroxyl radical, nitric 
oxide, alkyl radicals, alkoxyl radicals, etc.  The term does not limit itself to oxygen 
covalent bonding or hydrogen abstraction and addition.  Thus, oxygen-containing 
sulfates, nitrates, phosphates, etc. would also qualify as EMODs.  Further, it includes all 
of the nitrative and oxidative forms of oxygen.  If one wishes to further delineate 
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biochemical or biological EMODs, one could use the term, BEMODs, which would be 
the closest acronym to the old designation of RONS, but would not be burdened with its 
inaccuracies.  Nonetheless, the BEMODs designation has specific, but limited meaning. 
  
During periods of normalcy or good health, we exist in an EMOD sufficiency state 
(EMOD-SS). 
 
The cumulative cellular damage that is blamed on EMODs is frequently seen only in in 
vitro experiments and consequently, biochemical conditions bear little resemblance to the 
conditions existing in the living/breathing cell.  Most people live a normal life, free of 
disease, to die of attrition through programmed senescence, just as all other living things 
do (viruses are not considered to be alive).    
 
I believe that the most predictable consequence of life is death.  In other words, life 
is the number one cause of death, especially if viewed, as suggested by the free 
radical theory. 
 
1.2 Outright Pseudo-Scientific Lies 
 
Perhaps the most outlandish misuse of scientific data has been perpetuated by the 
A. P. John Institute of Cancer Research.  They make the following statements on 
their web site: 
 

Contrary to popular belief, it is the Cancer Detox System, not the immune system that protects 
the cells of the body against cancer-causing chemicals. 

Also contrary to popular belief, certain chemicals manufactured within the human body, such as 
the oxygen radicals, free radicals, and electrophiles, produce most, if not all, cancers in humans. 

Every minute of every day of your life, the cells of your body manufacture these toxic cancer-
causing chemicals. During the breakdown of carbohydrates and fats, the cells strip away 
electrons that are converted into energy through a series of enzymatic reactions known as the 
Krebs Cycle. During the liberation of energy, these electrons attach to an oxygen molecule and 
form a very toxic chemical called superoxide. A deficiency of ATP in cells can also produce 
superoxide. 

Superoxide, a highly toxic free radical, is a normal end product of everyday metabolism. Other 
toxic radicals produced during every day normal metabolism, include: hydrogen peroxide, lipid 
peroxy radicals, epoxides and hydroxyl radicals. 

However vitamin C, backs up the Cancer Detox System, and can convert the hydroxyl radical into 
a harmless substance. 

The enzyme called glutathione is the most versatile of all because it can literally detoxify almost 
every kind of toxic chemical. 

Carotene plays an important role in support of the Cancer Detox System, by its ability to detoxify 
a cancer-causing radical called singlet oxygen. 
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Vitamin E exerts its protective effects against cancer-causing chemicals by its ability to detoxify 
the toxic lipid peroxy radicals. 

As mentioned throughout, it is the Cancer Detox System that protects against the cancer 
causing free radicals and electrophiles. 

 
There are so many errors presented in these statements, that it is difficult to find a 
starting point of criticism.  It overlooks the conclusion of thousands of investigators 
who readily admit that there is only circumstantial evidence implicating EMODs as 
being causative of cancer.  No proof for such exists.  Their statements on vitamins 
and supplements are scientifically wrong.  They imply that for a molecule to lose an 
electron is a tragedy, but the body has developed compounds specifically for that 
purpose, e.g., NADH, FADH, iron, copper, ubiquinone and hemeproteins .  Also, 
just because a molecule accepts an electron does not constitute another tragedy.  
Therein rests the beauty of the oxygen molecule.  This nonscience/nonsense must 
stop. 
 
Another absurd example of the present state of radicophobia that has resulted for the 
preaching of the free radical theory is as follows: 
 
“Free radicals are atoms or molecules that have one or more unpaired electron(s), and are 
therefore unstable. These highly reactive atoms can damage molecules in the cell 
membrane as electrons are taken from healthy cells. One free radical can initiate literally 
tens of thousands of reactions. The chain reaction that is set off is extremely damaging to 
the body. Free radicals cause cancer, diabetes, cataracts, cardiovascular disease, collagen 
deterioration, premature aging, wrinkling, age spots, discoloration to the skin, and many 
other illnesses. It is now universally accepted in medical and scientific circles that 
oxidative damage to cell components is one of the foremost causative factors for 
major diseases having a profound negative effect on the aging process. 
We are exposed to free radicals from the air we breathe, sunlight, active or passive 
cigarette smoke, car fumes, industrial pollution, food that we eat and everyday activities. 
It is virtually impossible to escape exposure from free radicals and our bodies are unable 
to protect themselves (revenirbeauty.com/technnology website)”.  This degree of 
radicophobia is unhealthy and inaccurate. Truth must prevail as to the prooxidant 
protection provided by EMODs. 
 
1.3 Howes Evolves a New Concept:  SOD is NOT an Antioxidant
 
It has occurred to me that superoxide dismutases only convert O2

.- to H2O2 and this 
serves as another huge intra-mitochondrial source for H2O2 production.  MnSOD is 
an intra-mitochondrial “antioxidant enzyme.”  As I will discuss in detail later, SOD 
can be viewed as NOT being an antioxidant enzyme merely because it reduces O2

.-, 
when in actuality, it is creating a more potent oxidant in the process.  SOD is a 
reducing or antioxidant enzyme in name only. The one electron reduction potential 
of O2

.- is -330 mV and the reduction potential is +320 mV for H2O2, respectively.  
Thus, in actuality, SOD is a prooxidant enzyme!  I believe that my new 
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realization is of utmost importance for the correct interpretation of redox studies 
and data. 
 
Catalase and glutathione peroxidase functionally recycle O2 such that it can 
regenerate more O2

.- and H2O2. 
 
A prooxidant state is needed for adequate protection against pathogens, pollutants 
and neoplasia. 
 
1.4 Excytomers 
 
These have been explained in UTOPIA 1st edition, pg. 76, as atoms or molecules which 
are in or react with electronically excited atoms or molecules, such as excited singlet 
oxygen or excited carbonyls.  Actually, excited states are included under the umbrella 
term EMODs or BEMODs.  Thus, it will not be necessary to use the term 
“excytomer” in this tome. 
 
1.5 “Deadly Oxidative Assault” (DOA) 
 
It is also time to designate a term for the oxidative assault on pathogens and cancer.  I 
propose the term, “Deadly Oxidative Assault” (DOA).  This acronym is easy to 
remember and it merely confers the generation of a massive oxidative assault against any 
or all diseases or perceived injury, whether natural or artifactual.  The DOA aspect 
infers death to invading pathogens or neoplastic cells.   
 
Most authors agree that our bodies have one primary system of protection from 
pathogens and cancer and that system of protection is an oxidative one.  That oxidative 
system of protection and cure involves and requires the participation of EMODs.  They 
may not agree on the specific species involved but they do agree that the EMODs are 
responsible for our protection, whether it is via the NADPH oxidase system or the singlet 
oxygen-peroxide antigen-antibody system.   
 
Many authors feel that the presence of EMODs, and/or their end products of metabolism, 
proves that they are causative of aging and a host of over 100-200 diseases.  However, I 
propose that our bodies are able to maintain a normal state of EMOD-SS 
homeostasis and that we are usually capable of recognizing imbalances or 
alterations in that homeostatic state, if and when it has been altered by disease.   We 
know that this statement is true, because this is the way that we normally live.   
 
The Bantam Medical dictionary defines homeostasis as:  “the physiological process by 
which the internal systems of the body (e.g. blood pressure, body temperature, and acid-
base balance) are maintained at equilibrium, despite variations in the external 
conditions.”   We have an innate drive to attain and maintain this healthful zone of 
equilibrium referred to as a zone of homeostasis. 
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We know for certain that our system of oxidative cure can detect and recognize 
harmful bacteria, viruses, fungi, parasites and tumors.  Some refer to our oxidative 
protection system as a damaging system which promotes our bodies to “rust.”  Please 
remember that the iron in our blood’s hemoglobin oxidizes or “rusts” in order to 
carry oxygen to all the cells of our body.  This oxidation is certainly a great and 
beneficial event to maintain and sustain our aerobic life forms.  This example of “rusting” 
maintains our lives and is in no way a harmful biochemical event. 
 
Researchers have used the analogy of milk or butter becoming rancid to illustrate, with 
an in vitro system, the manner in which oxygen free radicals react with lipids inside a 
living/breathing cell.  However, one only needs to remember that the best way to 
prevent butter from becoming rancid is to keep it in the cow.  Frequently, in vitro 
studies have little relevance to complex biochemical processes which are constantly 
occurring within the synchronized and segmentalized living/breathing cell.  
 
1.5.0    Brief History of Our Medical Profession’s Symbol 

In Greek mythology, Aesculapius, son of Apollo, (often referred to as the god of 
medicine or healing) was a Greek healer who became a Greek demigod, and was a 
famous physician. His mother, the nymph Coronis, a princess of Thessaly, died when he 
was an infant. Aesculapius was the most important among the Greek gods and heroes 
who were associated with health and curing disease.  

Apollo is said to have entrusted the child's education to the Centaur, Chiron, who taught 
Aesculapius the arts of healing. Aesculapius, when grown, became so skilled in surgery 
and the use of medicinal plants that he could even restore the dead to life. Hades, ruler 
of the dead, became alarmed at this and complained to Zeus, who, fearing that he might 
render all men immortal, killed Asclepius with a thunderbolt. Among the children of 
Aesculapius the best known are his daughters Hygeia and Panacea. 

Asclepius, or Aesculapius as he was known to the Romans, was revered as a divinely 
inspired physician. Shrines and temples of healing known as Asclepieia were erected 
throughout Greece where the sick would come to worship and seek cures for their ills.  
Harmless serpents were kept in these temples of healing, lovingly tended by Asclepius’ 
daughter Hygeia, the personification of health. Snakes were held sacred by Asclepius 
and he himself was thought to sometimes appear in the form of a snake.  
Patients who saw snakes in their dreams believed that the god of healing himself had 
come to their aid.  

The AMA’s symbol has one snake entwined around a knotted staff. The ancients tell us 
that while the healer Aesculapius was visiting the house of a patient, a serpent coiled 
itself around the staff and Aesculapius killed it. Shortly thereafter, another serpent 
appeared with an herb leaf in its mouth and restored the dead serpent to life. 
Aesculapius kept the leaf, and with it was even better at healing people. He became 
so successful as a healer, he could even restore people from the dead. Homer singled him 
out in his epics as a mortal physician-hero who performed miraculous acts of healing on 
the battlefield. 
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The ancient symbol of Asclepius is a knotted wooden staff around which a mystical 
snake is coiled. The staff of Aesculapius with a coiled serpent became the traditional 
symbol of medicine. It represents the modern medical profession, and is a symbol of 
health and wisdom. In Genesis, Moses held up a serpent on a staff as an example of 
Christ, to heal the Jews.  

Today, the staff of Aesculapius is a commonly used symbol of medicine. It is the symbol 
of the American Medical Association (AMA), the U.S. Army Medical Corp and many 
other medical societies. The event that most influenced the association of the caduceus 
with the medical field was the adoption of it as the official symbol of the U.S. Army 
Medical Corps on July 17, 1902. The captain that suggested the symbol did so based on 
its having a sleeker, more symmetric look than the staff of Aesculapius. The symbol met 
with great popularity, and was used as an allegory for peace and health throughout the 
wars. On the other hand, the World Health Organization uses the staff of Aesculapius as 
its defining medical symbol, sticking more to the true mythological roots. 

The staff of Aesculapius and the Caduceus:  
NOTE: the modern winged staff, or caduceus, showing twin snakes around a single slim 
staff (wand of Hermes), was the staff of Hermes, or Mercury, in Greek and Roman 
mythology. It was a symbol of heralds and commerce, and is NOT the traditional symbol 
of medicine. It is however found today in various styles in medical, veterinary, 
chiropractic and dental symbols. (Hermes was also the god of thieves.) There is one 
more historical point about the caduceus that should appeal to no one and is horrifying 
when connected to the medical profession, for it was the duty of Hermes, caduceus in 
hand, to lead the souls of the dead to the underworld.   

Despite his virtuous characteristics, Hermes was also the god of robbers, thieves and 
traitors, and he often enough proved to be a dangerous foe and a trickster. According to 
the myths, on the day he was born, he stole his brother’s, Apollo, cattle and obscured 
their trail by making the herd walk backward. When confronted by the sun god, Hermes 
denied the theft. The brothers finally were reconciled when Hermes gave Apollo his 
newly invented lyre.  

In return, Apollo gave Hermes a magic wand that bestowed wealth and prosperity, 
turning everything it touched into gold. Later, myth says, Hermes threw his magic wand 
at two snakes fighting on the ground. The snakes became entangled in the magic wand 
and have been attached to it ever since.  

Thus, this is the origins of the caduceus, with its two snakes. The wings at the top of the 
wand were added in later Greek and Roman art to illustrate the god’s swiftness.  

 

The correct symbol - the staff of Aesculapius, has one serpent, instead of two.  
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The cult of Aesculapius:  
The cult of Aesculapius (Greek form Asklepios) was established in the 4th Century B.C. 
with sanctuaries at Athens, Epidauros and Kos, the birthplace of Hippocrates. In 293 B.C. 
a temple was built in Rome on an island of the Tiber, for which the cult statue was carved 
by the Greek sculptor Alkamenes. The cult spread throughout the Mediterranean and by 
the fourth century B.C., over three hundred Aesculapian temples served as medical 
centers equally devoted to healing as to the worship of their god. Hippocrates himself, the 
embodiment of the ideal physician, was educated as a member of the 20th generation of 
the cult of Aesculapius. 

His followers established temples called asclepions, temples of Asklepios, temples of 
healing. The greatest asklepion was in a grove of trees south of Corinth, Greece where 
the sick had to spend a night while the proper remedies were revealed during a dream 
to the priests of the temple and the cured had to make a suitable sacrifice (usually a 
rooster) to the god. 

Aesculapius was worshipped as the god of medicine and was portrayed with the 
Olympian attitude of Zeus recognizable by his prime attribute, the snake, a symbol of 
rejuvenescence (the snake changes its skin).  

Early Healers:  

Apollo  
Apollo, son of Zeus and Leto, was associated with prophecy and medicine. He was the 
chief god of healing in the Olympic Pantheon. He was known as Alexicacus, averter of 
illness and other evils.  
Aesculapius  
Aesculapius, son of Apollo and Coronis, was educated in healing by the Centaur, Chiron. 
The staff of Aesculapius with a coiled serpent became the symbol of the modern medical 
profession. As an interesting note, the modern caduceus, showing two snakes around a 
single slim staff (wand of Hermes), was a symbol of heralds and commerce. (Hermes 
was also the god of thieves.)  
Galen  
Galen was the founder of experimental physiology and the personal physician of the 
Emperor Marcus Aurelius. His writings were the most influential medical resource for 
the entire Middle Ages.  
Chiron  
Chiron, according to Homer's The Iliad, was the wise and benevolent centaur who tended 
the wounds of many heroes and taught the healing arts to Aesculapius, the god of 
medicine, and Achilles. As reward for his good works, Zeus placed him in the heavens 
among the stars as the constellation Sagittarius.  
Hygieia (Salus)  
Hygieia, daughter of Aesculapius and Panacea, was the Greek goddess of healing and the 
Roman goddess of health and welfare.  
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Hippocrates  
Hippocrates was a contemporary of Socrates. He taught that disease is a natural 
process and symptoms are the body's reaction. He further taught that the duty of the 
physician was to aid nature. The Hippocratic Oath (which is no longer used by 
American medical schools), begins with an invocation to Apollo Physician, Aesculapius, 
Hygieia, Panacea and "the other gods and goddesses."  

1.5.1 Homo Pathogenesis 
 
Our bodies can even recognize the harmful assaults of one of our greatest pathogens, 
Homo pathogenesis, or which is more commonly known as “meddlesome man.”  Man 
constantly interferes with the miraculous evolutionary healing wisdom of our bodies.  In 
fact, studies indicate that synthetic drug adverse reactions rank as the third leading 
cause of death in the United States.    
 
According to C.L. Bennett et al. (JAMA, 2005, Vol. 293, No.17, 2131-2140): 
 
“Adverse drug and device reactions (ADRs) account for as many as 100,000 deaths 
annually (Lazarou J, Pomeranz BH, Corey PN.  Incidence of adverse drug reactions in 
hospitalized patients:  a meta-analysis of prospective studies. JAMA. 1998;279:1200-
1204).  Prior to US Food and Drug Administration approval drugs are evaluated in well-
designed and carefully monitored clinical trials.  Only half of newly discovered serious 
ADRs are detected and documented in the Physicians Desk reference within 7 years 
of drug approval (Lasser KE, Allen PD, Woolhandler SJ, Himmelstein DU, Wolfe SM, 
Bor DH.  Timing of new black box warnings and withdrawals for prescription 
medications.  JAMA. 2002;287:2215-2220).   
 
Withdrawal of cyclooxygenase 2 inhibitor rofecoxib and cerivastatin has led to calls 
for new and independent approaches to post marketing surveillance (Fontanarosa 
PB, Rennie D, DeAngelis C,  Postmardeting surveillance:  lack of vigilance, lack of trust.  
JAMA. 2004;292:2647-2650) (Topol EJ, Failing the public health—rofecoxib, Merck, 
and the FDA.  N Engl J Med. 2004;351:1707-1709).  Post marketing surveillance 
mandated by the FDA includes review of post marketing clinical trial data, epidemiologic 
analyses of large numbers of ADRs, and review of voluntary case reports submitted to 
the Adverse Event Reports System (AERS) or Manufacturers’ User and Device 
Experience (MAUDE) Trontell A.  Expecting the unexpected—drug safety, 
pharmacovigilance and the prepared mind.  N Engl J Med. 2004:351:1385-1387. 
 
The poor quality and low submission rate of ADR reports outside of the clinical trial 
setting limit the usefulness of the MEDWATCH system (Brewer T, Colditz GA.  
Postmarketing surveillance and adverse drug reactions:  current perspectives and future 
needs.  JAMA. 1999;281:824-829). No clear mechanisms exist for routine synthesis 
and analysis of post-marketing and regulatory reports describing potentially serious 
ADRs (Drazen JM, COX-2 inhibitors—a lesson in unexpected problems. N Engl J Med. 
2005;352:1131-1132) (Psaty BM, Furberg CD. COX-2 inhibitors—lessons in drug safety.  
N Engl J Med. 2005;352:1133-1135). 

Page 44 of 931 

http://www.in-ta.net/info/aesculapius/hipoath.html


 
Over 100 million people take dietary supplements in the U.S. and millions more 
consume synthetic drugs on a regular basis.  Our cytochrome P-450 detoxification system 
has to work over time to detoxify the myriad of chemical concoctions, such as antibiotic, 
chemical  and steroid food additives, medications, PCB’s, pollutants secondary to 
burning fossil fuels, herbicides and pesticides, which we ingest or inhale on a daily basis.   
We know, relatively, very little about the biochemical inter-reactions of these 
supplements and medicinals with our normal biochemistry, although there are claims of 
certainty as to the biochemical effects of these products.   

As many as 98,000 Americans still die each year because of medical errors despite an 
unprecedented focus on patient safety over the last five years, according to a study 
released 5/18/05 in The Journal of the American Medical Association. The researchers 
blame the complexity of health care systems, a lack of leadership, the reluctance of 
doctors to admit errors and an insurance reimbursement system that rewards errors - 
hospitals can bill for additional services needed when patients are injured by mistakes - 
but often will not pay for practices that reduce those errors. 

Computerized prescriptions, adding a pharmacist to medical teams and team training in 
the delivery of babies are among the improvements medical centers are making, the study 
finds. 

1.5.2 Polypharmacy 2005 
 
Approximately 90% of people 60 years and older take at least one prescription drug 
daily, while the majority take two or more. This trend, reported by the Mayo 
Foundation for Medical Education and Research, can lead to dangerous drug 
combinations. 
 
The U.S. Centers for Disease Control and Prevention indicates that about 130 million 
Americans swallow, inject, inhale, insert, infuse, spray, rub on, and pat on 
prescribed medication every month.   
 
Americans purchase and take much more medication per person than any other country. 
 
The number of prescriptions has swelled by 66% over the past decade to 3.5 billion 
yearly, according to IMS Health, a pharmaceutical consulting company.  Americans 
devour even more nonprescription drugs, pollsters have found.  Increasingly, doctors, 
researchers and public health experts are saying that America is overmedicating itself and 
has a new level of polypharmacy.  Medications are being taken carelessly and are being 
marketed with reckless abandon, due to relaxed governmental restrictions on advertising.   
 
From landmark medical studies in the 1990s, the Associated Press states that well over 
125,000 Americans die from drug reactions annually and makes pharmaceuticals 
the 4th leading national cause of death after heart disease, cancer and stroke.  The 
pharmaceutical industry racked up over $250 billion in sales last year, with the vast 
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majority in prescriptions.  That equaled sales at all the country’s gasoline stations put 
together or an $850 pharmaceutical bill for every American citizen.   
 
Dr. Marcia Angell, former editor of the New England Journal of Medicine and author of 
“The Truth About Drug Companies” states that, “We are taking way too many drugs for 
dubious or exaggerated ailments.”  I believe that Dr. Angell’s book is a must read for 
all patients and physicians. Relatively few of the newer drugs greatly improve the 
health of patients over older drugs or advance the march of medicine.  In 2004, the U.S. 
food and Drug Administration classified about ¾ of newly approved drugs as similar 
to existing ones.  Drug companies routinely release new drugs with the same ingredients 
in a different form to treat a different disease.  This tends to violate the proscription of the 
ancient Greek physician, Hippocrates:  “First, do no harm.”  (“Primum non nocere”). 
 
Hospital patients suffer seven hard-to-foresee adverse drug reactions and another 
three out-right drug mistakes for every 100 admissions (or 10%), estimates Dr. David 
Bates of Boston’s Brigham Hospital.  That translates into 3.6 million drug 
misadventures a year.  Nationwide, prescription drug sales have increased by 11% 
annually over the past 5 years. 
 
When it comes to prescription drugs, newer drugs are not necessarily better than 
old ones and more of a good drug can be a bad thing.  Unfortunately, the public has 
been led to believe that for every complaint or disease, that there is a “pill” to treat 
it with.  This is a very dangerous perception but this is the unspoken message of 
allopathic medicine.  It has been shown that diet and exercise can ward off heart disease 
and diabetes just as well as medications, without the risk of dangerous or fatal adverse 
reactions to drugs. 
 

 
“The unparalleled arrogance of medical scientists, 

in pretending to understand the overwhelming intricacies  
of the living/breathing cell, 

is as extreme as is the extent of my being humbled by its 
unbelievably beautiful complexities 

and its instinctive wisdom.” 
R. M. Howes, M.D., Ph.D. 

1/10/05 
 
1.5.3 Enlightened Ignorance 
 
Research of the literature reveals our many shortcomings in the understanding of the 
arcane biochemical complexities of the living/breathing cell.  We are only at a point of 
“enlightened ignorance,” yet, many authors arrogantly present themselves as having a 
full comprehension of the miraculous inner workings of aerobic life forms.  Admittedly, I 
am humbled by beauty of the life process and I strive daily to master even a small 
appreciation of the inner overall magnificence of its operations, let alone the cell’s 
ability to instantaneously converse with trillions of its brethren.   
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Making matters more difficult is the complex interplay between the genome and the 
environment, upon cellular biochemistry and human behavior.  It appears to me 
that more and more diseases are being traced to faulty genomic material.  The 
enzyme monoamine oxidase (MAO) regulates the breakdown of the neurotransmitters 
serotonin, norepinephrine and dopamine. Low levels of MAO have been found to be 
associated with aggression (along with things such as extraversion and sensation 
seeking). There is a gene for MAO called the monoamine oxidase-A gene. Sometimes, 
but very rarely, an individual may lack the MAOA gene altogether. In one very well-
studied Dutch family, many of the men lack the MAO-A gene altogether and the men 
are notoriously violent individuals. 
 
Please remember the old saying that “a person is a gene’s way of making another 
gene,” similar to the old saying that “a chicken is an egg’s way of making more eggs.” 
Some authors make a very convincing argument that behavior relating to sex, love, and 
violence is governed by the demands of our genes for self-replication.  Also, how this 
might fit in with the notion that male humans seek “sex objects” and female humans seek 
“success objects.”  A basic assumption of Freudian theory is that the unconscious 
conflicts involve instinctual impulses, or drives, that originate in childhood.  I ask you, 
“Could these instinctive impulses originate at a molecular, atomic or electronic level?”   
 
1.6 Instinctual Human Drives 
 
 

Free radical activity has been blamed  
for chaotic, cellular, cumulative, molecular damage. 

Yet, I see an in-constant place for chaos  
in the magnificently choreographed course  

of a propagating living/breathing cell. 
Chaos equates to entropic death and 

death is a self-limiting, 
self-thinning of the herd. 

 
Even apoptosis follows its instinctual leader and  

marches to the tune of the biochemical drummer. 
R. M. Howes, M.D., Ph.D. 

5/11/05 
 
I believe that nearly all cellular processes are instinctual!  They are guided by the 
auto-pilot of instinct.  
 
Instinct is defined as “a natural aptitude; a largely inheritable and unalterable 
tendency of an organism to make a complex and specific response to environmental 
stimuli; behavior originating below the conscious level.”  
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A fetus develops in the mother instinctually.  It suckles the mother’s breast and 
eliminates its waste products instinctually. Its fight or flight reactions of survival are 
instinctive. Mating rituals, motions and copulation are instinctive. Hunger pangs, 
which drive us to acquire food is instinctive. This pattern is repeated throughout 
physiology and even biochemistry.  There is an instinctive drive in our molecular 
and atomic makeup. Heme proteins capture and release O2 instinctively. Iron and 
copper participate in redox cycling over and over, instinctually. The thyroid, 
pancreas, liver, heart and lungs perform their diurnal tasks instinctively.  Yes, even 
our brain responds to its instinctive master control, which dictates function, 
instinctively. Small variations of these patterns exist but the core picture never 
changes. 
 
Freud argued that instinctual behavior is repressed by society - that "our social 
behavior is greatly constrained and is actually a complex web of lies and 
deceptions."  The psychologist S. Maddie elaborated on instinctual behavior, dividing 
it into core and peripheral elements. Core elements are a result of evolution and 
peripheral elements are developed as a result of experience.  Thus, I must ask, “Which of 
these human behaviors is driven by an underlying instinctual biochemical behavior?”  
 
It is felt that we have the ability to think rationally and logically, independent of the 
needs of our genes, our unconscious mind or our instincts.  But, do we?  We also 
recognize that the mind often works involuntarily, creating emotions which 
sometimes lead to irrational instinctual behavior, which may be prompted by our 
genes, or our unconscious mind; it functions independent of and often contrary to our 
rational expectations. There appears to be many scientists who would stop or block 
the formation of any free radicals within the body, which would be disastrous.  
Perhaps the most important observation one can make is that the rational side of our brain 
generally does not recognize our instinctual drives. Some say that, simply stated, if the 
rational side were stronger than the instinctual, we would not have wars. 
 
The division of the human mind into the conscious and unconscious is generally 
accepted by modern psychology. However, what constitutes the unconscious mind is 
difficult to conceptualize. Thus, it is desirable to sort out the activity of our brains into 
clearer concepts. We can also recognize that the mind often works involuntarily, creating 
emotions which sometimes lead to irrational instinctual behavior, which may be 
prompted by our genes, or our unconscious mind; it can function independent of and 
often contrary to our rational expectations. 
 
Thoughts which flow through our brain are often uninvited and not useful. We often 
perceive them as an insignificant and annoying interference with the rational functioning 
of our brain. In most cases, this activity is related to our various emotions. Love, hate, 
compassion, jealousy, anger, worry, fear, joy, sexual desire, or the urge for violence 
create images in our minds and we often act as a result of such images. It is not 
surprising, then, that many of our actions are emotionally-based. These are instinctive 
responses. Emotional whispering (chattering) in our brains is believed to be instinctively 
based. 
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Humans are predominately governed by their instincts.  This instinctual behavior 
seemingly dominates our rational behavior and the instinctual drives become 
prominent.  I believe that the higher levels of human behavior are manifestations of 
more fundamental instinctual behaviors of molecules, atoms and electrons. 
 
I believe that this is borne out by the high degree of predictability of chemical reactions, 
e.g., atoms and molecules are acting instinctually.  They are acting as their atomic and 
molecular character dictates to them.  This may be analogous to the beliefs of Heraclites, 
who said that,”A man’s character is his fate.”  However, I also believe that since we, as a 
cellular collective, can occasionally change our minds or think independent of instinct, 
and since these decisions or conclusions are arrived at by the use of our very own 
personal compliment of atoms and molecules, this demonstrates that atoms and molecules 
can react or operate outside of instinct. 
 
Essentially, left-brain thinking is logical, sequential, literal, functional, textual and analytic, while 
right-brain thinking is holistic, simultaneous, metaphorical, aesthetic, contextual and synthetic.  
As was said by Henry Ford, “Thinking is the hardest work there is, which is the probable 
reason so few engage in it.” 
 
Inhabitants of the harsh, high-altitude Tibetan, Ethiopian and Andean plateaus of the 
world have evolved to survive lofty conditions in different ways. A new genetic study, in 
2005, by Cynthia Beall of Case Western Reserve University reveals that the inhabitants 
of the Tibetan plateau, the Ethiopian plateau and the Andean Altiplano in Peru and 
Bolivia – locations, where hardy residents routinely dwell at altitudes of more than 4,000 
meters, developed slightly different ways of boosting their oxygen levels to cope with the 
thin air. Those in the Andes pump out more hemoglobin - a molecule that carries oxygen 
around in the blood. The Tibetans, by contrast, have relatively low hemoglobin levels but 
breathe faster to take in more oxygen. "The slightest bit of exercise makes them really 
pant," Beall says.  At these altitudes, the thin air leaves most tourists gasping for breath. 
"You're getting one third less oxygen every time you take a lungful of air," says Beall. 
Yet the regular inhabitants appear almost superhuman in their ability to function normally 
in such extreme conditions.  Our bodies instinctively know of their dire need for 
adequate oxygen levels.  However, I believe that the relative hypoxic conditions of 
high altitude inhabitants induces increased levels of EMODs, which leads to 
decreased levels of cardiovascular disease and increased rates of altitude 
convulsions.  It may also be responsible for the two metabolic features of altitude-
adapted humans are the maximal O2 consumption (VO2max) paradox (higher work 
rates following acclimatization without increases in VO2max) and the lactate paradox 
(progressive reductions in muscle and blood lactate with exercise at increasing altitude). 
 
1.6.1 Protective Oxidative Reaction (Prooxidant Protection) 
 
We know that our bodies are capable of destroying pathogens and of healing itself by 
primarily utilizing an oxidative mechanism.  Thus, I ask, “Is it strange that our bodies 
react to the detected presence of homeostatic altering disease states or injury by 
mobilizing an oxidative attack?”  I believe that this is a totally logical response of our  
bodies and that it is primarily the only one and only response available to us.   Thus, I 
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believe that, in many cases, the disease state occurs first and that our bodies react 
secondarily with an attempt at an oxidative cure.  In fact, I believe that we could 
cure many of these disease states, if our bodies could generate an even greater 
oxidative cure response to these diseases (an oxidative sufficiency or an “EMOD 
sufficiency state” EMOD-SS).  We know that that is the case with PDT, which can 
affect a cancer cure.  I believe that that is the case with spontaneous regression of 
diseases.  I know that that is the case with the Howes Singlet Oxygen Cancer Therapy 
System.  We know that if our system of oxidative cure is sufficiently powerful enough, 
we can recognize and kill bacteria, viruses, fungi, parasites and cancer.  Additionally, 
this system of oxidation can detoxify harmful pollutants and drugs and negate many of 
the damaging influences of natural pathogens and the frequently harmful consequences 
of interventions by Homo pathogenesis.    
 
1.7 Homo Paradoxicus (Radico Sapiens) 
 
I feel that an additional moniker for an oxygen-dependent humanoid, such as ourselves, 
should be Homo paradoxicus, to indicate the fact that, according to the Free Radi-Crap 
theory of aging and oxidative stress and the alleged toxicity of oxygen derivatives, we 
Radicosapiens should not exist at all, but we do.  Humans are highly similar to each 
other genetically. Over 90% of human genes are identical from one individual to 
another. Behavioral genetics concentrates on the approximately 10% of the human 
genome that does vary.  However, the most meaningful designation may be Homo 
homeostaticus, to indicate the fact that one of our most basic drives is to maintain a 
state of controlled biochemical homeostasis.   It appears to me that our bodies are set to 
produce a homeostatic level of EMODs, irrespective of the prevailing physiological or 
biochemical influences.  Thus, in hypoxia, EMODs are increased, and in hyperoxia, 
EMODs are increased.  The body strives and works incessantly to prevent a deficiency 
state of EMODs.  It strives to exercise controlled homeostatic mechanisms. 
 
Our bodies have an unbelievable ability to redistribute blood flow, ground state 
oxygen, EMODs levels, hormones, nutrients, etc. based on local tissue and organ 
sensors and to do so on auto pilot, to do so instinctually, with the goal of maintaining 
homeostasis, even while we sleep in a condition of zero conscious input.  Animals, 
including humans, are born with in-built instincts to perform adaptive behaviors.  These 
instincts include many reflexes and relatively straightforward behaviors, such as food-
seeking behavior.  But, as animal behavior gets more complex, there are in-built instincts 
which are correspondingly more complex (e.g., food storing behaviors, sex).  I believe 
that maintaining homeostasis is one of the most powerful instinctual drives in all life 
forms.  This is obvious from the expended efforts of an organism for perpetuating its 
survival, which translates to maintaining a healthy zone of homeostasis. 
 
Instinct is defined as a powerful motivation or impulse or as an inborn pattern of 
behavior that is characteristic of a species and is often a response to a specific 
environmental stimulus.  I believe that these definitions of instinct have an uncanny 
resemblance to the behavior attributed to free radicals and EMODs.  Thus, the 
hydroxyl radical reacts instinctively to oxidize the first thing it contacts.  Thus, singlet 
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oxygen reacts instinctively to bring its excited electron back to its ground level or to react 
with a double bond. Yet, there are other instances in which the chemical entity does not 
react instinctively in one direction or the other, such as the superoxide anion, which can 
act as an oxidant or a reductant.  This “instinctive behavior” of EMODs appears to be 
directly related to its redox potential.   
 
Freud was ultimately famous for being the father of psychology, by revealing that human 
behavior was driven by unconscious, instinctual forces.  Freud understood personality 
as arising from the way in which humans were able to resolve these instinctual impulses 
(such as for pleasure, sex, food, etc.) with societal constraints, and the long-term needs of 
the individual.  Indeed, there is evidence that Freud was influenced by the writings of 
Darwin and that he greatly admired Darwin's work (Sulloway, cited in McAdams, D. P. 
(1994). The person: An introduction to personality psychology (2nd ed.). Orlando, FL: 
Harcourt Brace).  
 
1.7.1 Rethinking Disease Origins 
 
I firmly believe that we must rethink the origins of many diseases, just as we had to 
do with cancer.  Cancer is always present and only manifests itself at times of EMOD or 
BEMOD deficiency levels (EMOD-DL).  I believe that atherosclerosis and 
arteriosclerosis are potentially always present and that only in times of EMODs 
deficiency states does it manifest itself as a vascular blockage, by allowing 
particulate aggregation.  I feel similar about cataractogenesis and this same approach 
may apply to diabetes and arthritis.  I believe that just as the body has a system which 
keeps blood from clotting intravascularly (the fibrinolytic system), at all times, the 
body also has oxidative systems which keeps cancer from growing, micro-plaques 
from aggregating and cataract proteins from coalescing.  Deficiency levels (EMOD-
DL) of RONS or EMODs are thus “allowing” the manifestation of some of these 
diseases.  On the other hand, an EMOD sufficiency (EMOD-SS) state keeps many 
diseases at bay.  
 
This same scenario exists for the herpetic diseases such as fever blisters and genital 
herpes.  The herpes virus (HPVs) remains dormant until the body becomes “run-
down” and the virus is “allowed” to manifest itself.  In other words, the virus is 
always present but only during times of EMOD deficiencies, is it “allowed” to act as 
a pathogen. This same scenario is true for many bacterial pathogens, which occupy 
the body but only manifest a pathogenic reaction when the body is in a “run-down” 
state (EMOD-DL). 
 
Thus, we must have a continuously operational intrinsic oxidative 
defense system. 
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1.7.2 Rethinking the Free Radi-Crap Theory 
 
Our rethinking process must also apply to the misconceptions propagated by the Free 
Radi-Crap theory of oxidative stress and aging.  Hard data has yielded the following: 
 
- high levels of the antioxidant bilirubin cause kernicterus and permanent brain 
damage 
- the antioxidant β-carotene increases the rate of lung cancer development in 
smokers 
- the antioxidant CoQ, ubiquinone, when deleted from the diet of C. elegans, 
increases its lifespan 
- SOD/catalase mimetics decrease the lifespan of house flies 
- the antioxidant α-tocopherol, vitamin E, increase the rate and number of heart 
attacks and strokes 
- high levels of the antioxidant, uric acid, cause gout  
 
Barry Halliwell, whom I greatly respect, states the following:   

 
If follows that almost any disease is likely to be accompanied by   
increased formation of reactive oxygen species.  It is not 
therefore surprising that the list of diseases in which their formation has been 
implicated is long and is growing longer. 
 
For atherosclerosis, rheumatoid arthritis, some forms 
of ARDS, reoxygenation injury, and traumatic or ischemic 
damage to the central nervous system, there is reasonable 
evidence to suggest that free radical reactions make a 
significant detrimental contribution to the pathologic process. 
As previously stressed, it is equally likely that in some  
(perhaps most) diseases, the increased ROS formation is an 
epiphenomenon, making no significant contribution to the 
progression of the disease. Each proposal must be subject to 
stringent examination, because the likely clinical value of 
"antioxidant therapy" will depend on how well the exact role of 
reactive oxygen species is known. (Halliwell, Barry 
from "American Journal of Medicine", Sept 30, 1991 v91 n3C p4S (9) 

 
 
1.7.3 Rethinking Death (Epiphany of 4-18-05) 
 
Perhaps we should view death in a similar manner.  Perhaps, death is also our 
constant companion.  Just as cancer, arteriosclerosis and blood clotting are always 
with us but the miraculous wisdom of our innate biochemistry stave them off and we 
are able to keep them at bay.  It is not as though we are in a state of perpetual good 
health and suddenly cancer and heart disease appear.  Somehow, they are always 
with us.  Similarly, it may well be that death is always with us and it is not as though 
we were going on for many uninterrupted years and we suddenly die, unless it is 
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from massive trauma, an automobile accident,  a gun shot wound or such.  Our 
magnificent bodies, with their miraculous healing abilities, constantly survey our 
state of existence, keeping us in a zone of homeostasis (especially as it relates to 
levels of EMODs) and holds death in abeyance.  We are sustained and maintained in 
a zone of life, as it relates to obligate aerobic carbon life forms.   
 
Our instinctual drives for survival and homeostasis constantly monitor our being, 
such that our physiological functions and biochemical processes are continually 
adjusted to stave off death.  At any moment, if we are deprived of oxygen, death is 
there, oxygen being our most crucial and timely need.  It is always was there and is 
always so near.  It is not as though the Grim Reaper has an appointment or 
rendezvous with us at some distant, future date.  The Reaper is ready to visit us at a 
moments notice.  This could occur with such things as too little oxygen or too much 
potassium.  Actually, death can be summoned at a moment’s notice, with countless 
simple biochemical methods, which interfere with electron transport, such as 
asphyxiation or cyanide poisoning. 
 
Death is there for the fetus, the infant, the toddler and the teenager and not just 
there for the infirm and the elderly.  It is only because of our incredible ability to 
maintain a homeostatic state that we hold off death for another few minutes, hours, 
days or years, because it is an on-going process.   
 
Every day that we survive, we have cheated death out of another 24 hours.  In a 
limited sense, it is as though we truly die an entropy death, such that our zone of life 
and homeostasis deteriorates to a zone of chaos, which for humans, equates to a 
zone of death.  Autopsy reports may list as a possible cause of death “multiple organ 
failure” and this is tantamount to arriving at or drifting into a zone of biochemical 
chaos, in which homeostasis is lost.  For humanoids, chaos is the realm of death.   
Biochemical order and sustained homeostasis, especially oxidative 
homeostasis (EMOD-SS), is the realm of life. 
 
We commonly hear it said that, “We will not die until our time comes.”  I believe 
that experience has shown us that that time could always be only a few precious 
seconds or minutes away, just as the beginnings of cancer, heart disease, infection or 
the formation of a blood clot could occur at any time.  But these events will only 
occur when our NOHB system, our instinctual drive for survival and our ability to 
maintain a zone of homeostasis is lacking.   
 
Biochemical order is the order of the day and the order of life. 
 
1.8 Cumulative Oxidative Therapy (COT) 
 
I find that I am developing an emerging concept which suggest that it will require 
“cumulative oxidative therapy” (C.O.T. or COT) to effectively treat conditions of far 
advanced diseases such as terminal or disseminated cancer, severe diabetes, advanced 
rheumatoid arthritis, Alzheimer’s disease or atherosclerosis.  Each oxidative modality 
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will have to be instituted to adequately muster a successful oxidative assault upon these 
advanced diseases.  Modalities consist of exercise, peroxide orally or by infusion, sodium 
hypochlorite orally or by infusion, PDT, artemisinin, hypericin, iron along with vitamin 
C, 100% oxygen inhalation, hyperbaric oxygen, ozone therapy, UV light blood treatment, 
possibly altered glucose to facilitate EMODs production, etc. 
 
Possible Ways to Increase Oxidative-Cure: 
 
-take H2O2 orally 
-H2O2 soak/baths 
-take H2O2 IV 
-take O3 IV 
-take Fe++ and Vit. C orally 
-take Ca++ orally 
-avoid diets high in antioxidants 
-avoid antioxidant supplements 
-take NaOCl orally 
-take NaOCl IV 
-take Vancomycin (a chloramine) and H2O2 to produce 1O2
-take vit. K (a quinone) redox cycler to produce 1O2
-take chloramine T (N-chloro-p-toluene-sulfonamide) 
-take redox cycler – quinones – such as ubiquinone 
-take redox cycler – quinones – such as tetracycline 
-ingest ethanol daily in moderation 
-consumption of caffeine 

Theophylline and caffeine (methylxanthines) are now among the most commonly 

prescribed drugs in neonatal intensive care (Lesko SM, Epstein MF, Mitchell AA Recent 
patterns of drug use in newborn intensive care. J Pediatr 1990; 116:985-990). Long-term 
administration of caffeine in preterm infants is associated with an increase in 
oxygen consumption and with a reduction of weight gain. This may have implications 
for clinical practice as nutritional regimens need to be adjusted during this therapy (J 
Bauer, K Maier, O Linderkamp, and R Hentschel. Effect of Caffeine on Oxygen 
Consumption and Metabolic Rate in Very Low Birth Weight Infants With Idiopathic 
Apnea. Peditatrics Vol. 107 No. 4 April 2001, pp. 660-663).  

 1.9.1 Misnomers Which Convey Mis-Information  
 
The literature on antioxidants is filled with inaccuracies, which become perpetuated 
as facts.  It is well known that inaccuracies which are frequently repeated seem to be 
ultimately accepted as facts, if they are repeated enough.  If we are ever to reach a 
real point of enlightenment, concerning health and disease, this nonsense must stop.  Just 
as with reactive oxygen species, antioxidants must be considered on a one to one 
identity basis.  The biochemical reactivities and chemical redox characteristics of 
antioxidants are as diversified as those of reactive oxygen species and should not be 
“lumped” under vast all-encompassing categories.    
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It is difficult to develop a term to encompass the proper meaning for such varied such 
varied chemical species, which have erroneously been referred to as reactive oxygen 
species, reactive oxygen metabolites or reactive oxygen intermediates.  Perhaps, they 
could more accurately be called “electronically-modified ground state oxygen 
derivatives” (EMGSOD) or, if it is assumed that it is referring to ground state oxygen, 
“electronically-modified oxygen derivatives” (EMOD).   Thus, EMOD is not 
disclosing reactivity, number of electrons altered, excited states vs. electron additions or 
removals, etc.  It only tells you that oxygen’s electrons have been modified.  Then, each 
EMOD could be considered for its own specific chemical and biochemical properties and 
reactivities.  Similarly, antioxidants need to be considered on an individual chemical 
basis because the term “antioxidant” is misleading and frequently chemically 
incorrect, especially when the same substance can act as a prooxidant. 
 
Furthermore, the time to abandon the overly simplistic and confusing term of 
“oxidative stress” is long overdue.   I submit that there is no more a reality of cellular 
oxidative stress than there is for potassium stress, chloride stress, cyclic AMP stress, 
thyroxine stress, insulin stress, sterol stress, sulfide stress, glutathione stress, or any other 
so-called stress, which someone can dream up or draw into a cute little pathway or 
diagram.  Logically, it follows that, if we can not determine which cellular oxidizing or 
reducing molecules are the so-called reactive oxygen species, or if we can not determine 
which antioxidants are anti- or pro-oxidants, then I do not believe that we can place any 
degree of reliability on so-called measures of total antioxidant capacity or of 
“oxidative stress.”  However, I can say that oxidative systems tend to be for protection, 
healing and the perpetuation of a state of homeostasis.  Ergo, I feel that oxidative 
processes are a good thing and not the settings for cellular disasters that have so 
frequently and erroneously been attributed to them. 
 
I believe that we must be constantly aware that we are electromagnetic beings and that 
the passage and flow of electrons is essential for our very existence.  Without the flow 
of electrons, our system of energy production (ATP) would cease and we would die.  
Most movement of electrons involves the participation of “free radicals” which possess 
the electromotive forces necessary to drive a system of energy production and to initiate 
proton (motive) gradient forces.  Thus, many free radicals are not our mortal enemies but 
are, to the contrary, our greatest allies.   
 
A system “free of free radicals,” which does not promote electron movement and/or 
chemical reactions, is basically a dead biological system.   
 
Fortunately, electron potential differences exist between molecules, between 
intracellular organelles, between the inside and the outside of the cell, between 
individual cells, between tissues, between organs, between me and you and between 
you and me and our environment.  It is a system of flux, a system of movement, a 
system of change and a system of life.  A system without electron movement, is a dead 
system. 
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Keep in mind that toxicologist use the following definitions relative to oxygen: 
Oxidizer. A substance that gives up oxygen readily. Presence of an oxidizer increases the 
fire hazard. 
 
Oxygen deficiency. That concentration of oxygen by volume below which atmosphere 
supplying respiratory protection must be provided. It exists in atmospheres where the 
percentage of oxygen by volume is less than 19.5 percent oxygen. 
 
Oxygen-enriched atmosphere. An atmosphere containing more than 23.5 percent 
oxygen by volume. 

 
 

1.9.2 Biochemical Busy Bodies 
 
Gravid (pregnant) females frequently refer to the beautiful feeling of “life within them” 
but we all have life within us.  Most all of the trillions of cells, that make each and 
everyone of us, are alive and constantly carrying on cross-talk and they are in a constant 
state of electron flux and change.  Each and every cell is a “buzzing biochemical 
beehive” of chemical activity, with bees that can carry out millions of homeostatic 
molecular functions per second.   
 
We are all truly “busy bodies” in a biochemical sense.  It is a beautiful process and not 
something to be feared, trivialized or extinguished.  Furthermore, many of the very 
molecules within our cells are “alive” in a real sense of the word.  The Merriam-Webster 
dictionary defines “alive” as being in force or operation, sensitive or animated.  Thus, 
many of our biochemically complex molecules are, indeed, alive and I believe that this 
quality extends down to considerably simpler molecules, atoms and subatomic particles, 
such as our electrons and our protons.  These biochemical molecules are the very ones, 
which collectively act to make our decisions, arrive at conclusions or chose which 
path to take.  They determine our moods, our attitudes and create our drives.  In fact, 
they determine just about everything about us because, “They are “us.”   
 
 
     

You or I, as a distinct organism, 
may represent a cumulative puppet, 

displaying the antics, desires and drives of our  
lesser molecular and atomic constituents; 

for better or worse, for richer or poorer and  
in sickness or in biochemical homeostasis. 
Yes, it’s a heavenly molecular marriage. 

R. M. Howes, M.D., Ph.D. 
5/12/05 
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1.9.3 Paracelsus 
 
Paracelsus postulated in the 16th century the following: 

• Experimentation is essential in examination of responses to chemicals 
• One should make a distinction between therapeutic and toxic properties of  

chemicals 
• These properties are sometimes, but not always, indistinguishable by dose 

(Casarett, L.J. and Bruce, M. C. Origin and scope of toxicology.  In:  Doull J, Klaassen, 
C.D., and Amdur, M.O., editors. Casarett and Doull’s toxicology. 2nd ed. New York:  
Macmillan, 1980:6).  We should heed his words today. 
 
In a time, during which we are nearly plowed under by a scientific informational tsunami, 
we must strive to stay afloat during this data deluge and use thoughtful insight to try to 
get our minds around the entirety of the problems we are studying.  We must gladly 
approach fearless discussions of our beliefs and theories with excitement.  We must be 
willing to expend studious time in self-imposed exile, for the sake of discovery and the 
betterment of mankind.   
 
2.0 Prooxidants vs. Antioxidants (Vitamins and Supplements) 
 
Thirteen substances are vitamins for humans. Four are fat-soluble (K, A, D and E) 
and nine are water-soluble (C and the eight “B-complex” vitamins:  thiamine, 
riboflavin, niacin, B6, pantothenic acid, B12, biotin, and folic acid). According to Dr. 
Victor Herbert, there are only two situations in which the use of vitamins in excess of 
the RDAs have proven value. The first is for treatment of medically diagnosed deficiency 
states (conditions that are rare except among alcoholics, persons with intestinal 
absorption defects, and the poor, especially those who are pregnant or elderly.  The other 
use is in the treatment of certain conditions for which large doses of vitamins are used as 
drugs, with full recognition of the risks involved. 
 
Unfortunately, most authors have emphasized the potential damage of oxidation; 
whereas, I emphasize the importance of “EMODs prooxidant protection.” 
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Antioxidant agents, that can have prooxidant activity, are as follows: 
1. vitamin C 
2. vitamin E 
3.   vitamin D 
3. carotenoids, β-carotene 
4. polyphenolics 
5. gallic acid 
6. uric acid 
7. human serum ultrafiltrates 
8. DPPD (does not have a phenolic –OH group) 
9. green tea 
10. captopril 
11. pyridoxine 
12. thiamine, B 1 
13. carnitine 
14. α-lipoic acid (oxidized form) 
15. dihydro-lipoic acid (reduced form-reduces iron) 
16. coenzyme Q, ubiquinone 
17. NAD(P)H 
18. curcumin (polyphenolic) 
19. melatonin 

 
 
 
Obviously, this “antioxidant dual-personality” markedly confuses intelligent 
discussions and interpretation of data and if this is not taken into account, such 
discussions may be meaningless and the data may be mistakenly interpreted, thus, 
producing erroneous conclusions as support for a false theory or hypothesis.  Garry 
Buettner refers to this anti- to prooxidant change as a “cross over effect.” 
 
2.0.1 Prooxidant Activity of Antioxidants 

Most biologic antioxidants are antioxidants because when they accept an unpaired 
electron, the free radical intermediate formed has a relatively long half-life in the normal 
biologic environment. The long half-life means that these intermediates remain stable 
for long enough to interact in a controlled fashion with intermediates which prevent 
autoxidation and the excess energy of the surplus electron is dissipated without damage 
to the tissues. Thus, it is believed that the tocopheroxyl radical formed by oxidation of α-
tocopherol is sufficiently stable to enable its reduction by vitamin C or GSH to regenerate 
the quinol, rather than oxidizing surrounding PUFAs. Likewise, the oxidized forms of 
vitamin C, the ascorbyl free radical and dehydroascorbate, may be recycled back to 
ascorbate by GSH or the enzyme dehydroascorbate reductase.  The ability to recycle 
these dietary antioxidants may be an indication of their physiologic essentiality to 
function as antioxidants.  
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Carotenoids are also biologic antioxidants but their antioxidant properties very much 
depend on oxygen tension and concentration (Palozza, P. 1998. Prooxidant actions of 
carotenoids in biologic systems. Nutr. Rev., 56: 257-265.). At low oxygen tension β-
carotene acts as a chain-breaking antioxidant whereas at high oxygen tension it readily 
autoxidizes and exhibits pro-oxidant behavior (Burton, G.W. & Ingold, K.U. 1984. B-
carotene: an unusual type of lipid antioxidant. Science, 224: 569-573.).  

Palozza reviewed much of the evidence and suggests that β-carotene has antioxidant 
activity between 2 and 20 mmHg of oxygen tension, but at the oxygen tension in air or 
above (>150 mmHg) it is much less effective as an antioxidant and can show pro-oxidant 
activity as the oxygen tension increases. Palozza also suggests that autoxidation 
reactions of β-carotene may be controlled by the presence of other antioxidants (e.g., 
vitamins E and C) or other carotenoids. There is some evidence that large supplements 
of fat-soluble nutrients such as β-carotene and other carotenoids may compete with each 
other during absorption and lower plasma concentrations of other nutrients derived from 
the diet. However, a lack of other antioxidants is unlikely to explain the increased 
incidence of lung cancer in the α-tocopherol β-carotene intervention study (ATBC), 
because there was no difference in cancer incidence between the group which 
received both β-carotene and α-tocopherol and the groups which received one 
treatment only (Heinonen, O.P., Huttunen, J.K., Albanes, D. & ATBC cancer prevention 
study group. 1994. The effect of vitamin E and beta carotene on the incidence of lung 
cancer and other cancers in male smokers. N. Engl. J. Med., 330: 1029-1035.).  I believe 
that this effect is primarily and clearly the result of trapping of singlet oxygen. 

The free radical formed from a dietary antioxidant is potentially a pro-oxidant as is 
any other free radical.  In biologic conditions which might deviate from the norm, there 
is always the potential for an antioxidant free radical to become a pro-oxidant, if a 
suitable receptor molecule is present to accept the electron and promote the 
autoxidation (Halliwell, B., Gutteridge, J.M.C. & Cross, C.E. 1992. Free radicals, 
antioxidants, and Human disease: where are we now? J. Lab. Clin. Med., 119: 598-620.). 

Mineral ions are particularly important pro-oxidants. For example, vitamin C will 
interact with both copper and iron to generate cuprous or ferrous ions, respectively, 
both of which are potent pro-oxidants (Thurnham, D.I. 1994. β-Carotene, are we 
misreading the signals in risk groups? Some analogies with vitamin C. Proc. Nutr. Soc., 
53:557-569., (Stadtman, E.R. 1991. Ascorbic acid and oxidative inactivation of proteins. 
Am. J. Clin. Nutr., 54: 1125S-1128S.). Fortunately, metal ions are tightly bound to 
proteins and are usually unable to react with tissue components, unless there is a 
breakdown in tissue integrity. Such circumstances can occur in association with disease 
and excessive phagocyte activation, but even under these circumstances, there is rapid 
metabolic accommodation in the form of the acute-phase response to minimize the 
potentially damaging effects of an increase in free mineral ions in extra-cellular fluids. 
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2.0.2 Prooxidant Activity of Pyridoxine, Thiamin and Carnitine  

The antioxidant and prooxidant properties of some B vitamins (BVIT) and vitamin-
like compounds (VLC) that are commonly included in multivitamin preparations were 
investigated. Microsomal lipid peroxidation induced by FeCl3 and ascorbate was 
dose-dependently inhibited by pyridoxal and pantothenate but was stimulated by 
thiamin, pyridoxine and carnitine. Among the compounds tested, only pyridoxine and 
pyridoxal reacted, but rather poorly, with superoxide anions. All test compounds reacted 
with .OH with second-order rate constants comparable or higher than that for mannitol, 
as assayed using deoxyribose oxidation by a system containing EDTA-chelated Fe(III), 
H2O2 and ascorbate. When assayed in the absence of EDTA, pyridoxal showed increased 
inhibition of deoxyribose oxidation over that in the presence of EDTA, suggesting a 
potent ability of pyridoxal to bind and deactivate iron. Pantothenate, pyridoxine and 
myo-inositol appeared to equally inhibit deoxyribose oxidation both in the presence and 
absence of EDTA. However, stimulation of lipid peroxidation by pyridoxine was 
unexplained and the effect was not attributed to reduction of Fe (III) to Fe (II). This 
study shows that the radical-scavenging ability of BVIT and VLC did not correlate 
with their effects on microsomal lipid peroxidation. Moreover, the stimulation of 
lipid peroxidation by thiamin, pyridoxine and carnitine suggests that 
supplementation of large amounts of these compounds may not be desirable (Hu 
ML, Chen YK, Lin YF.  The antioxidant and prooxidant activity of some B vitamins and 
vitamin-like compounds. Chem Biol Interact. 1995 Jun 30;97(1):63-73).  I believe that 
confusion, such as this, illustrates the inaccuracies of the terminology or RONS and 
points to some of the flaws in the Free Radi-Crap theory.   
 

2.0.3 Prooxidant Activity of the Thiol, Captopril  

The thiol drug captopril has been reported to possess reducing and transition metal-
binding properties, which could result in specific changes in iron and copper prooxidant 
capacity. Thus, the effects of captopril on iron- and copper-induced oxidative injury were 
evaluated using deoxyribose as the oxidizable substrate in the presence of physiological 
phosphate concentrations but in the absence of the non-physiological chelator EDTA. In 
an iron(III)/H2O2/ascorbate oxidant system, captopril enhanced deoxyribose oxidation 
only when it was pre-mixed with iron, whereas it did not influence sugar degradation 
when not pre-mixed with the metal or when ascorbate was omitted. The physiological 
thiol GSH acted in a similar manner, whereas the SH-lacking angiotensin-converting 
enzyme (ACE) inhibitor ramiprilat did not influence iron-induced deoxyribose oxidation, 
indicating that the thiol group is crucial in favoring enhanced iron reactivity due to 
'malignant' chelation. Further specific experiments designed to evaluate possible thiol-
dependent iron(III) reduction failed to demonstrate ferric to ferrous reduction by either 
captopril or reduced glutathione (GSH). When iron(III) was replaced by copper(II) to 
induce deoxyribose oxidation, captopril was prooxidant both in the presence and 
absence of ascorbate, and when pre-mixed or not with copper. On the other hand, GSH 
was prooxidant up to 2:1 molar ratio with respect to copper but markedly inhibited 
copper-dependent sugar oxidation beginning at molar ratio of 4:1. Ramiprilat did not 

Page 60 of 931 



significantly influence copper-induced deoxyribose oxidation. Moreover, unlike the 
experiments performed with iron, captopril, as well as GSH, readily reduced copper(II) to 
copper(I). Hence, captopril can act as prooxidant in the presence of iron or copper. 
In the former case, only 'malignant' iron chelation by the drug is involved in oxidant 
injury, whereas in the latter both copper chelation and reduction are operative, although 
specific chelating mechanisms are crucial in enhancing copper-induced oxidant injury. 
Captopril, therefore, cannot be considered simply as an 'antioxidant drug', and its 
catalytic transition metal-related prooxidant capacity should be taken into account 
in experimental and clinical investigations (Lapenna D, De Gioia S, Mezzetti A, 
Ciofani G, Di Ilio C, Cuccurullo F. The prooxidant properties of captopril. Biochem 
Pharmacol. 1995 Jun 29;50(1):27-32). 

2.0.4 Curcumin (Antioxidant/Prooxidant) 

Curcumin is the yellow part of turmeric, a spice used frequently in Indian cuisine and 
curries. Turmeric comes from the root of a plant related to ginger. Its antioxidant 
ability is greater than vitamin E, plus it enhances natural antioxidant enzymes in the 
liver. It has powerful anti-inflammatory action. Curcumin, also known as Turmeric, 
induces cancer cell programmed death better than selenium, vitamin A, vitamin D3, or 
green tea. 

Several anti-cancer activities have been discovered for curcumin. In the test tube it 
induces cell death (apoptosis) of human cancer cells. Researchers in Poland have 
observed that curcumin can either inhibit apoptosis or promote it, depending on the 
type of cell. They also report that curcumin's apoptosis is different than that caused by 
chemotherapeutic chemicals.  

Standard chemotherapy causes death to cancer cells by halting the cell cycle. All cells, 
including cancer cells, proliferate by dividing. The process of division-the cell cycle-is 
categorized into various steps (G1, G2, etc.). These are orchestrated by signals from both 
inside and outside the cell. Chemotherapy interferes with those signals, so as to stop 
division at one point in the cell cycle. The cell then dies. The reason chemotherapy is so 
toxic is because it's not cancer-specific. It targets any quickly dividing cell, which 
means it stops the division of normal cells such as the ones that line the mouth and gut.  

Curcumin has the ability to stop cell division at more than one point in the cell cycle (G1 
or G2), depending on the type of cell. Plus, it has the surprising ability to inhibit cell 
death, depending on the type of cell. This means that curcumin has the potential to 
selectively kill cancer cells, while sparing normal ones. Another feature of curcumin is 
that it can act as an antioxidant or prooxidant, depending on the dose and whether 
metals are present. And, strangely enough, it can either deplete or enhance 
glutathione, depending on the cell and whether certain carcinogens are present. The 
secret to its dual personality may lie in its ability to regulate more than one molecular 
pathway. In other words, curcumin can send different signals to different cells.  

Page 61 of 931 



Curcumin can counter environmental chemicals, as it has shown to greatly reduce the 
number of tumors in rodents exposed to such toxins. It is particularly powerful against 
skin, stomach and colon cancer. In one study, a form of curcumin known as 
tetrahydrocurcumin reduced aberrant crypt foci, a precancerous condition, by 
50%. Curcumin has been shown to stop the growth of two types of human colon 
cancer cells by 96% within 48 hours. In a rodent study on oral cancer, curcumin gave a 
stellar performance, significantly reducing both DNA damage and the number of tumors 
(Christopher Ireson et.al. 2001 Characterization of metabolites of the chemopreventive 
agent Curcumin in human and rat hepatocytes and in the rat in vivo, and evaluation of 
their ability to inhibit phorbol ester-induced prostaglandin E2 production Cancer 
Research 61-1058-1064, February 2001).  In an animal and in vitro study curcumins 
were shown to inhibit cancer at initiation, promotion and progressive stages of 
development. (Nagabhushan M, Bhide SV. Curcumin as an inhibitor of cancer. J Am 
Cell Nutr 11(2): 192-8, 1992).  

In June of 2005, Bharat Aggarwal of the Department of Experimental Therapeutics at the 
University of Texas M.D. Anderson Cancer Center in Houston and colleagues injected 
mice with human breast cancer cells -- a batch of cells grown from a patient whose 
cancer had spread to the lungs. The resulting tumors were allowed to grow, and then 
surgically removed, to simulate a mastectomy. Then the mice either received no 
additional treatment; curcumin alone; the cancer drug paclitaxel, which is sold under the 
brand name Taxol; or curcumin plus Taxol. 

Half the mice in the curcumin-only group and 22 percent of those in the curcumin plus 
Taxol group had evidence of breast cancer that had spread to the lungs, Aggarwal said in 
a study to be presented to a breast cancer research meeting in Philadelphia. But 75 
percent of animals that got Taxol alone and 95 percent of those that received no treatment 
developed lung tumors. 

Earlier studies suggest that people who eat diets rich in turmeric have lower rates of 
breast cancer, prostate cancer, lung cancer and colon cancer. 

His team would like to try giving curcumin to women who know they have a high risk of 
breast cancer -- such as those who have a mother or sister with the disease. No drug 
company is likely to develop a natural product that cannot be patented, he said. 
"There are no companies behind it so our only source of funding is either the National 
Institutes of Health or the Department of Defense," he said. Aggarwal's team is also 
testing curcumin against pancreatic cancer and multiple myeloma.  

2.0.5 Cancer Considerations 

Theories on cancer causation have been plentiful, yet one of the most widely accepted is 
the Free Radical theory.  However, there is no proof for this cause and effect 
accusation.  Another recent theory has emerged. Scientists have identified a new group 
of culprits that play a major role in the development of human cancers. They are tiny bits 
of ribonucleic acid (RNA) called microRNAs which control gene activity. Three teams 
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of researchers said on 6/8/05 they initiate some cancers and could be used to diagnose the 
illness. RNA is involved in making proteins in cells. "These minuscule molecules are 
now definitely linked to the development of cancer," Paul Meltzer, of the National 
Human Genome Research Institute in Maryland, said in a commentary in the science 
journal Nature. 

He added that the three independent studies published in the journal change the landscape 
of cancer genetics. Todd Golub and his team at the Dana Farber Cancer Institute in 
Boston showed that different human cancers have a distinctive microRNA fingerprint. In 
a second study scientists at the Cold Spring Harbour Laboratory in New York reported 
that a certain cluster of microRNAs seem to cause cancer in mice. The third report, by 
Joshua Mendell and researchers at The Johns Hopkins University School of Medicine in 
Maryland, found that some microRNAs cooperate with a gene linked to human 
cancers. 

"Our discovery fits in quite well with the two other labs' studies on the involvement of 
microRNAs in cancer," Mendell said in a statement. More than 200 microRNAs are 
known but how they function is still a mystery. Meltzer said the findings could shed new 
light on what goes wrong when tumors are formed, how to detect cancers and to select 
the most appropriate treatment.  

Cancer research has been a hallmark of companies such as Bristol-Myers Squibb Co. and 
AstraZeneca PLC. But over the last few years, others including Wyeth, Schering-Plough 
Corp., GlaxoSmithKline PLC and most notably Merck & Co. have been intensifying their 
work on cancer medicines. They've purchased smaller, cancer-focused drug makers; 
formed licensing arrangements; added staff and created specialized research centers.  

The increasing commitment to cancer treatments grows out of a confluence of economic 
and scientific factors. Company executives say the odds of finding suitable drug 
candidates have risen significantly in the last few years with the mapping of the human 
genome and other technological advances. New cancer treatments can command very 
high prices and generate substantial revenue, since there is little competition in the 
field.  

Novartis SA's Gleevec, introduced in 2001, treats a form of leukemia as well as rare 
tumors of the gastrointestinal tract. It costs about $2,450 a month wholesale per 
patient, and brought in $1.6 billion in sales last year. Erbitux, a treatment for 
colorectal cancer introduced last year by Bristol-Myers and ImClone Systems Inc., 
carries a wholesale cost of between $18,000 to $40,000 a month per patient. Analysts 
predict Erbitux will also be a blockbuster.  

Insurance typically covers the cost of treatment, but there's still been controversy over 
some cancer drugs' cost. Companies have programs for patients who lack insurance and 
can't afford the drugs. Still, those prices create an attractive market.  
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"Drug companies are seeing that cancer can be lucrative," said David Moskowitz, an 
analyst with Friedman, Billings, Ramsey. "Look at Erbitux and Gleevec. They may be for 
small markets, but the prices will let the companies make money."  

Whether the increased investment will lead to a rash of new cancer products remains to 
be seen. Drug development is still a risky business; cancer accounts for the second-largest 
part of Pfizer Inc.'s research budget but that hasn't transformed the company into a 
powerhouse in that area.  

Pfizer does have a promising product for patients with the same rare tumors treated by 
Gleevec but who have become resistant to that drug. The company may file for federal 
approval of the drug later this year. Bert Hazlett, an analyst with Suntrust Robinson 
Humphrey, said the drug's sales potential could reach $800 million to $1 billion if it is 
approved for other types of cancer.  

Wyeth has a product for kidney cancer it intends to seek approval for in 2006. 
Meanwhile, Novartis SA plans to seek approval for a drug for colorectal cancer either 
late this year or in early 2005. Merck, always a force in the vaccine industry, has an 
inoculation for cervical cancer that it plans to seek approval of this year.  

"There has just been an explosion of our understanding of cancer since human genome," 
said Dr. Lee F. Allen, vice president of oncology clinical research at Wyeth, which 
currently sells two cancer drugs.  

Two and a half years ago, Wyeth created a center of excellence to research cancer, 
placing everyone working on the disease in Cambridge, Mass. This allowed the group to 
streamline its approach and work with the academic community in the area. It currently 
has 13 cancer drugs in clinical development, triple the amount from three years ago.  

When GlaxoSmithKline was formed through a merger in 2000, the company had two 
cancer drugs. Now, with a new focus and additional spending, the company is developing 
eight drugs for cancer treatment, plus three for the treatment of side effects, one 
vaccine and three therapeutic vaccines.  

Perhaps the most pronounced efforts are at Merck, which doesn't sell any cancer 
treatments although it does have Emend, a product for nausea caused by chemotherapy. 
In the last 18 months, Merck purchased Aton Pharma Inc., a privately held biotech 
company focused on cancer treatments, and it has signed deals with two smaller 
companies to develop oncology drugs.  

A deeper understanding of cancer and advances in technology have contributed to the 
shift in drug companies' focus, said Dr. Stephen H. Friend, Merck's executive vice 
president of advanced technology and oncology. "Now we have the tools that allow us to 
see what is going in cancer cells," Friend said. "We've gone from uncertainty about 
the disease to having more clues about what we can do."  However, others are quick 
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to point out that little progress has been made, since the 1950s, in the treatment of cancer, 
overall. 

Friend says it is possible to scan an entire cancer cell to look for specific mutations that 
provide researches an idea of which compounds might be most effective in treating the 
disease. Such tools mean it can take just two to five years to bring a compound into 
clinical development, down from 5 years to 10 years just a few years ago.  

Such improvement brings business benefits. Industry experts say it costs over $800 
million to develop a drug. Hastening the development process will reduce costs. That's 
especially important for cancer drugs because they have smaller markets than other 
diseases; there are many more people who suffer from high blood pressure, for example, 
than there are people with most types of cancer.  

Cancer drug development already has some economic advantages — trials are usually 
shorter and require fewer patients than drugs to treat other conditions. For example, 
Pfizer's Phase III trial for its promising cancer drug contained less than 400 
patients. A typical Phase III study has between 1,000 and 5,000 patients.  

The Food and Drug Administration also has expedited approval of drugs for cancer 
and other diseases life-threatening with less clinical testing than typically required. The 
companies do have to continue to study the drugs after approval.  Another advantage to 
selling cancer drugs is that the smaller patient populations allows for more targeted 
marketing, "The marketing is less expensive because it is more focused," said Dr. Joerg 
Reinhardt, head of development at Novartis. 

Note:  Index items in bold italics have corresponding sections in UTOPIA Volume I. 

2.1 2   Oxygen Overview 
2.1.1 Brief Primer on Electron Transport Chain and Redox Reactions 
 
Some of the following material was excerpted, abstracted or modified from the web site 
by Michael W. King, Ph.D., Indiana University School of Medicine. 
 
The large quantity of NADH resulting from TCA cycle activity can be used for reductive 
biosynthesis. The reducing potential of mitochondrial NADH is most often used to 
supply the energy for ATP synthesis via oxidative phosphorylation in the TCA cycle. 
Oxidation of NADH with phosphorylation of ADP to form ATP are processes supported 
by the mitochondrial electron transport assembly and ATP synthase on the inner 
mitochondrial membrane. The electron transport assembly is comprised of a series of 
protein complexes that catalyze sequential oxidation reduction reactions, some of 
which are thermodynamically competent to support ATP production via ATP synthase 
provided a coupling mechanism (the proton motive force), such as a common 
intermediate, is available. Proton translocation and the development of a transmembrane 
proton gradient provide the required coupling mechanism. 
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Redox reactions involve the transfer of electrons from one chemical species to 
another. The oxidized plus the reduced form of each chemical species is referred to as an 
electrochemical half cell. Two half cells having at least one common intermediate 
comprise a complete, coupled, redox reaction. Coupled electrochemical half cells have 
the thermodynamic properties of other coupled chemical reactions. If one half cell is far 
from electrochemical equilibrium, its tendency to achieve equilibrium (i.e., to gain or lose 
electrons) can be used to alter the equilibrium position of a coupled half cell. This tends 
to balance the differing electrochemical positions. 
 
2.1.2 One-Electron Reduction Potentials 
Free radicals can be listed by one-electron reduction potentials in milliVolts (mV) at 
pH 7.0. The reduced form of each radical is capable of neutralizing (reducing) free 
radicals having a higher potential. As can be seen from the table, the hydroxyl 
radical (.OH) has the highest potential and is the most destructive (reactive) of biological 
free radicals. 
 

Radical mV 
.OH (hydroxyl) +2300 
.LO (alkoxyl) +1600 

LOO. (peroxyl) +1000 
.GS (glutathione) +920 
.HU- (urate) +590 
.Toc (tocopherol) +480 
.Asc- (ascorbate) +282 

Fe3+-EDTA  +120 

Source (RADIATION RESEARCH; Buettner, GR; 145:532-541 (1996)].) 
 
Chelation of Fe3+ with EDTA actually enhances the reactivity of iron toward 
superoxide, thus favoring the Haber-Weiss Reaction.  Fe3+-EDTA chelate can catalyze 
the Fenton Reaction to generate hydroxyl ion without reduction of Fe3+ to Fe2+. On the 
other hand, Fe3+ and Fe3+-EDTA can be reduced to Fe2+ by ascorbate (AscH-) to generate 
the ascorbate radical (.Asc-). The reduced iron can then generate a hydroxyl radical by the 
Fenton Reaction. Copper ion (Cu2+) is 80 times more efficient at reacting with 
ascorbate than Fe3+. Thus, Vitamin C can be a powerful antioxidant as long as metal 
ions are not present, but small amounts of Vitamin C in the presence of metal ions 
can make Vitamin C a dangerous prooxidant. Large amounts of Vitamin C can restore 
the antioxidant function. (Vitamin C has been called an "oxymoron antioxidant").  Here 
we go again with another “paradox.”  
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2.1.3 Straightening Out Terms and Electron Transfer 

Molecules with loosely-held hydrogen atoms can use those hydrogen atoms like 
electrons to neutralize free radicals. The hydrogen atoms are called reducing 
equivalents, and the molecules having such hydrogen atoms are said to be in a reduced 
state.  It is the difference in reduction potential, not spatial arrangement, that causes 
the electron to flow sequentially from one carrier to another. Ubiquinone has a higher 
reduction potential than the NADH-Q reductase. Hence, when ubiquinone in the oxidized 
form comes in contact with the NADH-Q reductase complex (by a random collision), this 
mobile electron carrier accepts an electron from NADH-Q reductase (i.e., gets reduced).  

The free energy released by the spontaneous transfer of electrons from the NADH-Q 
reductase complex to ubiquinone is used for a very important purpose. This free energy 
is used to pump protons (H+ ions) out of the matrix, through the NADH-Q reductase 
(which spans the membrane), and into the intermembrane space, building up a 
significant proton-concentration gradient. As we will see later, this proton gradient 
ultimately provides the energy needed to generate ATP! Hence NADH-Q reductase 
acts as both an electron carrier and a proton pump.Ubiquinone is an electron carrier 
only; it is not a proton pump.  Therefore, ubiquinone does not increase the H+ 
concentration in the intermembrane space. 

Cytochrome oxidase is the best understood of all the electron-carrier proteins 
involved in oxidative phosphorylation. In many ways this protein is similar to NADH-
Q reductase and cytochrome reductase, which are discussed above. Cytochrome oxidase 
accepts an electron from cytochrome c, and passes it to O2, the final electron 
acceptor in this chain. It is interesting to note that azide, which is used in airbags, is 
toxic to us because it binds to cytochrome oxidase and blocks this important 
electron transfer. As with the other proteins, the free energy from the spontaneous 
oxidation-reduction reaction is used to pump more protons into the intermembrane space, 
increasing the proton gradient (PMF) even further. 
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2.2 Transferring Electrons to Molecular Oxygen 
 

Classical oxygen and its free radical offspring 
are the cross-pollinating butterflies of biological molecules, 

which transfer exponential numbers of sweet electrons. 
They are the skillful molecular humming birds, 

acrobatically darting to-and-fro to obtain their fill of electron-nectar. 
They are the colorful honey bees of aerobic life,  

busily buzzing to overcome adversity and to endure. 
They are the cellular pony-express, 

lathered and riding hard 
to furnish intricate lines of intra-organismal communication 

necessary to sustain living animation. 
R. M. Howes, M.D., Ph.D. 

5/26/05 

In a simplistic way, our bodies are expected to operate as a perfect machine. However, 
roughly 2-5% of the oxygen we breathe ends up as superoxide. The final stage of 
generating energy from the foods we eat involves a series of reactions where electrons are 
passed from one molecule to the next, forming a type of electric current. This process is 
known as the respiratory chain or the electron transport chain (ETC) and occurs in 
the cells’ mitochondria. For almost one time out of twenty of the O2 molecules passing 
down the ETC, one of the electron carriers, called Coenzyme Q, passes the electron 
to oxygen instead of the next electron carrier, so producing superoxide. 

Reportedly, superoxide, rather than the hydroxyl radical, is the most commonly 
encountered free radical in biology, although I believe that H2O2 is also incredibly 
common in biological systems and is more common than superoxide.  In fact, I 
believe that H2O2 is present in higher concentrations for longer times, than is O2

.-. 

Cytochrome oxidase has a special feature that is necessary because it transfers its 
electrons to O2. O2 has a difficult time picking up one extra electron to form the free-
radical species O2

-; however, once O2 has accepted one electron, it becomes quite 
reactive, and can easily accept more electrons, or participate in other chemical reactions. 
Many of the chemical reactions that the in vitro free radical O2

- could participate in, such 
as the destruction of fatty acids that make up membranes, could be very harmful to the 
body. Cytochrome oxidase acts as an enzyme to help add the first electron to O2. 
Cytochrome oxidase can only transfer one electron at a time to oxygen, and by adding 
only one electron results in a dangerous free radical. Hence, the cytochrome oxidase 
protein must have a mechanism to hold the oxygen in place until all four electrons 
have been transferred to O2 (i.e., until the oxygen has been reduced completely to 
H2O), so that the free radical generated after the first electron transfer does not escape 
and do great harm to the cells. Cytochrome oxidase contains a special bimetallic center 
consisting of a heme (iron-containing) group in close proximity to a copper atom. 
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Oxygen is trapped between these two metal atoms until it has been completely 
reduced to H2O. The water molecules that are generated can then exit the protein 
complex. 

Organisms also synthesize non-enzymatic antioxidant molecules such as glutathione 
and Coenzyme Q. Gamma-tocopherol is particularly effective against the 
peroxynitrite radical. The most effective singlet oxygen quenchers are carotenoids, 
phytochemicals which plants produce to protect themselves from singlet oxygen 
produced by ultraviolet light. A multiplicity of antioxidants is also beneficial because 
different antioxidants tend to locate preferentially in different areas of tissues and cells 
and provides a network of antioxidants. The most powerful carotenoid is lycopene, 
which has 100-times the singlet-oxygen quenching action of Vitamin E, which (in turn) 
has 125-times the quenching action of glutathione. But lycopene & Vitamin E are 
lipophilic, whereas glutathione is lipophobic. Although Vitamin E is only moderately 
effective against singlet oxygen, it is the most effective antioxidant for terminating the 
chain reactions of lipid peroxidation in cell membranes. Vitamin C regenerates 
Vitamin E -- and Vitamin C is in turn regenerated by glutathione. Glutathione is 
effective against hydrogen peroxide and hydroxyl radicals in the aqueous phase of 
cells. Lipoid acid is more effective than glutathione in regenerating Vitamin C and can 
additionally chelate free-radical-generating metal ions. Melatonin is a potent inhibitor 
of hydroxyl radicals, and it readily crosses cell membranes and the blood-brain barrier -- 
making it particularly effective for protecting DNA in the nucleus & mitochondria of the 
brain. 

Thus, natural occurring antioxidants are melatonin, bilirubin, glutathione, uric acid 
pyruvate, albumin, etc.  

The nutrients that most profoundly improve immune function are vitamin C, 
Vitamin E, selenium, glutathione and zinc (Amer J Clin Nutr.; Meydani, SN; 52:557-
563 (1990)]. (Whey protein and N-Acetyl Cysteine both boost glutathione levels.) All of 
these nutrients are antioxidants, although zinc's effects are more due to direct actions 
on immune cell function than due to its antioxidant properties (Amer J Clin Nutr.; 
Shankar, A; 68(Supp):447S-463S (1997)}. Vitamin E opposes some, but not all of the 
increased lipid peroxidation and immune suppression seen in essential fatty acid 
supplementation (Amer J Clin Nutr.; Kramer, TR; 54:896-902 (1991), Lipids; Fernandes, 
G; 31:S91-S96 (1996) and Lipids 32:535-541 (1997)]. Independent of its antioxidant 
effect, vitamin E promotes immune function by reducing PGE2 synthesis. Vitamin E 
directly opposes the increase in PGE2 formation that is typically seen in aging. PGE2 is 
known to suppress lymphocyte proliferation, to suppress synthesis of chemical 
factors (lymphokines) influencing the immune system and to contribute to the auto-
immune diseases that increase with aging (Amer J Clin Nutr.; Meydani, SN; 
62(Supp):1462S-1476S (1995) and Nutr Rev; Meydani, SN; 53(4):S52-S58 (1995)].  

Anything that boosts the immune system is protective against cancer, but 
antioxidants have an additional anti-carcinogenic effect through protection against DNA 
damage. This is the reason that a system which mimics the immune system is so vital to 
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fight disease and cancer. I believe that PDT and the Howes Singlet Oxygen Delivery 
system does mimic the mechanism utilized by the immune system for prooxidant 
protection. Antioxidant supplements have much less frequently been credited with 
reducing cancer risk, but studies have been limited.  

Free radical production has been allegedly shown to increase with age in studies of 
insects and mammals, and the rate of increase is reportedly in inverse proportion to 
the lifespan of the species (Ann N.Y. Acad Sci.; Sohal, RS; 663:74-84, 1992). CRAN 
(Caloric Restriction with Adequate Nutrition) reduces free radical production and extends 
maximum lifespan, but the effect may be species specific. But only a few animal 
experiments have indicated extension of maximum lifespan by antioxidant substances 
and some have shown that antioxidants reduce the life span. Even if these experiments 
were valid, the results may have been due to effects other than antioxidant action.  Other 
studies have shown that production of EMODs decreases with the aging process, 
thus adding to the confusion.  

The thermodynamic potential of a chemical reaction is calculated from equilibrium 
constants and concentrations of reactants and products. Because it is not practical to 
measure electron concentrations directly, the electron energy potential of a redox system 
is determined from the electrical potential or voltage of the individual half cells, 
relative to a standard half cell. When the reactants and products of a half cell are in their 
standard state and the voltage is determined relative to a standard hydrogen half cell 
(whose voltage, by convention, is zero), the potential observed is defined as the standard 
electrode potential, E0. If the pH of a standard cell is in the biological range, pH 7, its 
potential is defined as the standard biological electrode potential and designated E0

'. 
By convention, standard electrode potentials are written as potentials for reduction 
reactions of half cells. The free energy of a typical reaction is calculated directly from its 
E0

' by the Nernst equation. 
 
For the oxidation of NADH, the standard biological reduction potential is -52.6 
kcal/mol. With a free energy change of -52.6 kcal/mol, it is clear that NADH oxidation 
has the potential for driving the synthesis of a number of ATPs since the standard free 
energy for the reaction is +7.3 kcal/mole. Conventionally, the description of ATP 
synthesis through oxidation of reduced electron carriers indicated 3 moles of ATP 
could be generated for every mole of NADH and 2 moles for every mole of FADH2. 
Technically, direct chemical analysis has shown that for every 2 electrons transferred 
from NADH to oxygen, 2.5 equivalents of ATP are synthesized and 1.5 for FADH2. For 
each pair of electrons originating from NADH, 3 equivalents of ATP are synthesized, 
requiring 22.4 kcal of energy. Thus, with 31.2 kcal of available energy, it is clear that the 
proton gradient generated by electron transport contains sufficient energy to drive normal 
ATP synthesis. Electrons from succinate have about 2/3 the energy of NADH electrons: 
they generate PMFs that are about 2/3 as great as NADH electrons and lead to the 
synthesis of only 2 moles of ATP per mole of succinate oxidized. 
 
NADH is oxidized by a series of catalytic redox carriers that are integral proteins of the 
inner mitochondrial membrane. The free energy change in several of these steps is very 

Page 70 of 931 

http://www.benbest.com/calories/calories.html


exergonic. Coupled to these oxidation reduction steps is a transport process in which 
protons (H+) from the mitochondrial matrix are translocated to the space between the 
inner and outer mitochondrial membranes (the intramembrane space). The redistribution 
of protons leads to formation of a proton gradient across the mitochondrial 
membrane, the proton motive force. The size of the gradient is proportional to the free 
energy change of the electron transfer reactions. This balances electrochemical 
distribution. The result of these reactions is that the redox energy of NADH is converted 
to the energy of the proton gradient. In the presence of ADP, protons flow (forced) 
down their thermodynamic gradient from outside the mitochondrion back into the 
mitochondrial matrix. This process is facilitated by a proton carrier in the inner 
mitochondrial membrane known as ATP synthase. As its name implies, this carrier is 
coupled to ATP synthesis. 
 
Complex I contains FMN and 22-24 iron-sulfur (Fe-S) proteins in 5-7 clusters.  
 
Complex II contains FAD and 7-8 Fe-S proteins in 3 clusters and cytochrome b560.  
 
Complex III contains cytochrome b, cytochrome c1 and one Fe-S protein. Associated 
with complex III by electrostatic interaction is cytochrome c, the ultimate electron 
acceptor in complex III.  
 
Complex IV contains cytochrome a, cytochrome a3 and 2 copper ions. As the two 
electrons pass through the proteins of complex I, four protons (H+) are pumped into the 
intramembrane space of the mitochondrion. Similarly, four protons are pumped into the 
intramembrane space as each electron pair flows through complexes III and as four 
electrons are used to reduce O2 to H2O in complex IV. The free energy released as 
electrons flow through complex II is insufficient to be coupled to proton pumping. These 
protons are returned to the matrix of the mitochondrion, down their concentration 
gradient, by passing through ATP synthase, coupling electron flow and proton 
pumping to ATP synthesis. 
 
2.2.1 Inhibitors of Oxidative Phosphorylation 
 
Inhibitors of oxidative phosphorylation are as follows: 
Complex I:  rotenone and amytal 
Complex III:  antimycin A 
Complex IV:  cyanide, carbon monoxide and azide   
Uncoupling agents:  2,4 DNP and pentachlorophenol 
 
Inhibits ATP synthase:  oligomycin  
 
CoQ is a small, mobile carrier that transfers electrons between the primary 
dehydrogenases and cytochrome b. It is a part of Complexes I, II and III. CoQ is also 
restricted to the membrane phase because of its hydrophobic character. 
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The mitochondrial electron transport proteins are clustered into complexes, known as 
Complexes I, II, III, and IV.  
 
2.2.2 Complexes I, II, III and IV 
 
Complex I, also known as NADH:CoQ oxidoreductase, is composed of NADH 
dehydrogenase with FMN as cofactor, plus non-heme-iron proteins having at least 1 iron 
sulfur center. Complex I is responsible for transferring electrons from NADH to CoQ. 
The E0

' for the latter transfer is 0.42 V, corresponding to a G' of -19 kcal/mol of electrons 
transferred. With its highly exergonic free energy change, the flow of electrons through 
Complex I is more than adequate to drive ATP synthesis.  

The mitochondrial respiratory chain (complexes I-V) is the major site of ATP production 
in eukaryotes. This organelle not only generates ATP, but also plays an important role in 
apoptosis. It is now clear that upon apoptotic stimulation mitochondria can release 
several proapoptotic regulators, including cytochrome c, Smac/Diablo, endonuclease 
G, and apoptosis-inducing factor, to the cytosol. These proapoptotic regulators will 
then activate cellular apoptotic programs downstream.  The release of proapoptotic 
regulators is further regulated by the translocation of Bcl-2 family proteins. Although this 
evidence places mitochondria in the center of the apoptotic signaling pathway, the role of 
mitochondrial respiratory chain activity in apoptosis is still elusive.   

Inhibition of the mitochondrial respiratory chain by rotenone has been widely used to 
study the role of the mitochondrial respiratory chain in apoptosis. Rotenone, a 
mitochondrial respiratory chain complex I inhibitor, could induce cell death in a variety 
of cells. The importance of mitochondrial respiratory chain complex I inhibitor-induced 

apoptosis was further recognized with the finding that tumor necrosis factor (TNF)-  
could inhibit the mitochondrial respiratory chain at the mitochondrial complex I site 
(Higuchi, M., Proske, R. J., and Yeh, E. T. (1998) Oncogene 17, 2515-2524).  

However, contradictory reports showed that rotenone could inhibit apoptosis in other 

systems (Vrablic, A. S., Albright, C. D., Craciunescu, C. N., Salganik, R. I., and Zeisel, 
S. H. (2001) FASEB J. 15, 1739-1744 ) (Torres-Roca, J. F., Tung, J. W., Greenwald, D. 
R., Brown, J. M., Herzenberg, L. A., Herzenberg, L. A., and Katsikis, P. D. (2000) J. 
Immunol. 165, 4822-4830) (Deshpande, S. S., Angkeow, P., Huang, J., Ozaki, M., and 
Irani, K. (2000) FASEB J. 14, 1705-1714).  

It has been suggested that EMODs play an important role in apoptosis, and several 
groups have shown that molecules that stimulate formation of EMODs can result in 
apoptosis and a process inhibited by antioxidants. Others reported production of 
EMODs by a wide range of apoptotic stimuli, including TNF, ceramide, 
staurosporine, and UV radiation.  

The mitochondrial-derived EMODs are vital not only because mitochondrial respiratory 
chain components are present in almost all eukaryotic cells, but also because the EMODs 
produced in mitochondria can readily influence mitochondrial function without 
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having to cope with long diffusion times from the cytosol. Two sites in the respiratory 

chain, complex I and complex III, have been suggested to be the major EMODs source.  

Based on stoichiometrical calculation, superoxide was suggested as the primary product, 
with hydrogen peroxide as the secondary product (Cadenas, E., Boveris, A., Ragan, C. 
I., and Stoppani, A. O. (1977) Arch. Biochem. Biophys. 180, 248-257). Mitochondrial-
derived EMODs could be modified when the mitochondrial respiratory chain was 
interrupted under pathological conditions or by respiratory chain inhibitors.  

Early reports showed that the complex I inhibitor rotenone and the complex b-c1 inhibitor 
antimycin could stimulate superoxide and hydrogen peroxide formation on 

submitochondrial particles. However, results of rotenone-induced mitochondrial EMODs 
production measured at the cellular level appeared inconsistent with conflicting results 
reporting that rotenone could elevate cellular EMODs production in some cases while 
inhibiting cellular EMODs production in others (Vrablic, A. S., Albright, C. D., 
Craciunescu, C. N., Salganik, R. I., and Zeisel, S. H. (2001) FASEB J. 15, 1739-1744) 
(Schuchmann, S., and Heinemann, U. (2000) Free Radic. Biol. Med. 28, 235-250) (Li, Y., and 
Trush, M. A. (1998) Biochem. Biophys. Res. Commun. 253, 295-299).  

Results from Mn-SOD-overexpressing HT1080 cells confirmed our conclusion that 
rotenone induced apoptosis via an induction of mitochondrial EMODs production (N Li, 
K Ragheb, G Lawler, J Sturgis, B Rajwa, J. A Melendez and J. Paul Robinson. 
Mitochondrial Complex I Inhibitor Rotenone Induces Apoptosis through Enhancing 
Mitochondrial Reactive Oxygen Species Production. J. Biol. Chem., Vol. 278, Issue 10, 
8516-8525, March 7, 2003).   

Mn-SOD is the superoxide dismutase that localizes in mitochondria. Mn-SOD is a 
primary component of the cellular defense system against oxidative toxicity since 

superoxide can react with hydrogen peroxide to generate singlet oxygen and 
hydroxyl radicals, which are more toxic than superoxide and hydrogen peroxide 
(Freeman, B. A., and Crapo, J. D. (1982) Lab. Invest. 47, 412-426). In mitochondria, 
manganese superoxide dismutase is the major enzyme responsible for converting 
superoxide to hydrogen peroxide. Overexpression of Mn-SOD inhibited rotenone-induced 
increase of cellular EMODs, confirming that rotenone-induced cellular EMODs 
production in HT1080 cells was from mitochondria. Overexpression of Mn-SOD also 
inhibited rotenone-induced cytochrome c release, caspase 3 activation, and DNA 

breakdown.  

The mechanism of rotenone-induced apoptosis is still elusive, and obscured by the 
occurrence of several concomitant events, including shutdown of the electron transfer 
through respiratory chain complex I, decreasing cellular ATP level, increasing 
mitochondrial EMODs production, and decreasing mitochondrial membrane potential. 

Complex II is also known as succinate dehydrogenase or succinate:CoQ oxidoreductase. 
The E0

' for electron flow through Complex II is about 0.05 V, corresponding to a G' of -
2.3 kcal/mol of electrons transferred, which is insufficient to drive ATP synthesis. The 
difference in free energy of electron flow through Complexes I and II accounts for the 
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fact that a pair of electrons originating from NADH and passing to oxygen supports 
production of 3 equivalents of ATP, while 2 electrons from succinate support the 
production of only 2 equivalents of ATP. 
 
 
Reduced CoQ (CoQH2) diffuses in the lipid phase of the membrane and donates its 
electrons to Complex III, whose principal components are the heme proteins known as 
cytochromes b and c1 and a non-heme-iron protein, known as the Rieske iron sulfur 
protein. In contrast to the heme of hemoglobin and myoglobin, the heme iron of all 
cytochromes participates in the cyclic redox reactions of electron transport, 
alternating between the oxidized (Fe+3) and reduced (Fe+2) forms. The electron carrier 
from Complex III to Complex IV is the smallest of the cytochromes, cytochrome c 
(molecular weight 12,000). It has been said by Dr. Charles Farr that cytochrome c is a 
carrier of hydrogen peroxide, but I have only found sketchy evidence for such.  
 
Complex IV, also known as cytochrome oxidase, contains the hemeproteins known as 
cytochrome a and cytochrome a3, as well as copper-containing proteins in which the 
copper undergoes a transition from Cu+ to Cu2+ during the transfer of electrons 
through the complex to molecular oxygen. Oxygen is the final electron acceptor, with 
water being the final product of oxygen reduction. 
 
Normal oxidation of NADH or succinate is always a 2-electron reaction, with the transfer 
of 2 hydride ions to a flavin. A hydride ion is composed of 1 proton and 1 electron. 
Unlike NADH and succinate, flavins can participate in either 1-electron or 2-
electron reactions; thus, flavin that is fully reduced by the dehydrogenase reactions can 
subsequently be oxidized by 2 sequential 1-hydride reactions. The fully reduced form of 
a flavin is known as the quinol form and the fully oxidized form is known as the 
quinone form; the intermediate containing a single electron is known as the 
semiquinone or semiquinol form. 
 
Like flavins, CoQ (also known as ubiquinone) can undergo either 1- or 2-electron 
reactions leading to formation of the reduced quinol, the oxidized quinone, and the 
semiquinone intermediate. The ability of flavins and CoQ to form semiquinone 
intermediates is a key feature of the mitochondrial electron transport systems, since 
these cofactors link the obligatory 2-electron reactions of NADH and succinate with 
the obligatory 1-electron reactions of the cytochromes. 
 
The cytochromes are heme proteins. Like hemoglobin and myoglobin, the cytochromes 
generally contain 1 heme group per polypeptide---except for cytochrome b, which has 2 
heme residues in 1 polypeptide chain. There are 3 forms of heme found in heme 
proteins, each of which are derived from iron-protoporphyrin IX also called heme b. 
In order for oxidative phosphorylation to proceed, two principal conditions must be 
met. First, the inner mitochondrial membrane must be physically intact so that 
protons can only re-enter the mitochondrion by a process coupled to ATP synthesis. 
Second, a high concentration of protons must be developed on the outside of the 
inner membrane to generate an adequate PMF but the PMF is inversely related to 
electron flow. 
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The energy of the proton gradient is known as the chemiosmotic potential, or proton 
motive force (PMF). This potential is the sum of the concentration difference of protons 
across the membrane and the difference in electrical charge across the membrane. The 2 
electrons from NADH generate a 6-proton gradient. Thus, oxidation of 1 mole of NADH 
leads to the availability of a PMF with a free energy of about -31.2 kcal (6 x -5.2 
kcal). The energy of the gradient is used to drive ATP synthesis as the protons are 
transported back down their thermodynamic gradient into the mitochondrion. 
 
Electrons return to the mitochondrion through the integral membrane protein known 
as ATP synthase (or Complex V). ATP synthase is a multiple subunit complex that 
binds ADP and inorganic phosphate at its catalytic site inside the mitochondrion, and 
requires a proton gradient for activity in the forward direction. ATP synthase is 
composed of 3 fragments: F0, which is localized in the membrane; F1, which protrudes 
from the inside of the inner membrane into the matrix; and oligomycin sensitivity--
conferring protein (OSCP), which connects F0 to F1. In damaged mitochondria, 
permeable to protons, the ATP synthase reaction is active in the reverse direction 
acting as a very efficient ATP hydrolase or ATPase. 
 
Since electron transport is directly coupled to proton translocation, the flow of 
electrons through the electron transport system is regulated by the magnitude of the 
PMF.  
 
The higher the PMF the lower the rate of electron transport, and vice versa.  
 
Under resting conditions, with a high cell energy charge, the demand for new synthesis of 
ATP is limited and, although the PMF is high, flow of protons back into the mitochondria 
through ATP synthase is minimal.  
 
When energy demands are increased, such as during vigorous muscle activity 
(exercise), cytosolic ADP rises and is exchanged with intramitochondrial ATP via the 
transmembrane adenine nucleotide carrier ADP/ATP translocase. Increased 
intramitochondrial concentrations of ADP cause the PMF to become discharged as 
protons pour through ATP synthase, regenerating the ATP pool.  
 
Thus, while the rate of electron transport is dependent on the PMF, the magnitude 
of the PMF at any moment simply reflects the energy charge of the cell. In turn the 
energy charge, or more precisely ADP concentration, normally determines the rate of 
electron transport by mass action principles.  
 
The rate of electron transport is usually measured by assaying the rate of oxygen 
consumption and is referred to as the cellular respiratory rate. The respiratory rate is 
known as the state 4 rate when the energy charge is high, the concentration of ADP is 
low, and electron transport is limited by ADP. When ADP levels rise and inorganic 
phosphate is available, the flow of protons through ATP synthase is elevated and higher 
rates of electron transport are observed; the resultant respiratory rate is known as the 
state 3 rate. Thus, under physiological conditions mitochondrial respiratory activity 
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cycles between state 3 and state 4 rates. 
 
The pathways of electron flow through the electron transport assembly, and the unique 
properties of the PMF, have been determined through the uses of a number of important 
antimetabolites. Some of these agents are inhibitors of electron transport at specific sites 
in the electron transport assembly, while others stimulate electron transport by 
discharging the proton gradient. For example, antimycin A is a specific inhibitor of 
cytochrome b in Complex III. In the presence of antimycin A, cytochrome b can be 
reduced but not oxidized. As expected, in the presence of cytochrome c remains oxidized 
in the presence of antimycin A, as do the downstream cytochromes a and a3. 
 
An important class of antimetabolites are the uncoupling agents exemplified by 2,4-
dinitrophenol (DNP). Uncoupling agents act as lipophilic weak acids, associating 
with protons on the exterior of mitochondria, passing through the membrane with the 
bound proton, and dissociating the proton on the interior of the mitochondrion. These 
agents cause maximum respiratory rates but the electron transport generates no 
ATP, since the translocated protons do not return to the interior through ATP synthase. 
 
Oxidase complexes, like cytochrome oxidase, transfer electrons directly from NADH 
and other substrates to oxygen, producing water. Oxygenases, widely localized in 
membranes of the endoplasmic reticulum, catalyze the addition of molecular oxygen to 
organic molecules. There are 2 kinds of oxygenase complexes, monooxygenases and 
dioxygenases. Dioxygenases add the 2 atoms of molecular oxygen (O2) to carbon and 
nitrogen of organic compounds. Monooxygenase complexes play a key role in 
detoxifying drugs and other compounds (e.g., PCBs and dioxin) and in the normal 
metabolism of steroids, fatty acids and fat soluble vitamins. Monooxygenases act by 
sequentially transferring 2 electrons from NADH or NADPH to 1 of the 2 atoms of 
oxygen in O2, generating H2O from 1 oxygen atom and incorporating the other oxygen 
atom into an organic compound as a hydroxyl group (R-OH). The hydroxylated 
products are markedly more water-soluble than their precursors and are much 
more readily excreted from the body. Widely used synonyms for the 
monooxygenases are: mixed function oxidases, hydroxylases, and mixed function 
hydroxylases. 
 
The chief components of monooxygenase complexes include cytochrome b5, cytochrome 
P450, and cytochrome P450 reductase, which contains FAD plus FMN. There are many 
P450 isozymes; for example, up to 50 different P450 gene products can be found in 
liver, where the bulk of drug metabolism occurs. Some of these same gene products are 
also found in other tissues, where they are responsible for tissue-specific oxygenase 
activities. P450 reducing equivalents arise either from NADH via cytochrome b5 or from 
NADPH via cytochrome P450 reductase, both of which are associated with cytochrome 
P450 in the membrane-localized complexes.  
 
Enzymatic reactions involving molecular oxygen usually produce water or organic 
oxygen in well regulated reactions having specific products. However, under some 
metabolic conditions (e.g., reperfusion of anaerobic tissues) unpaired electrons gain 
access to molecular oxygen in unregulated, non-enzymatic reactions. The products, 
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called free radicals, can be quite toxic. These free radicals, especially hydroxy radical, 
randomly attack all cell components, including proteins, lipids and nucleic acids, 
potentially causing extensive cellular damage. Tissues are replete with enzymes to 
protect against the random chemical reactions that these free radicals initiate. 
Several free radical scavenging enzymes have been identified.  
 
The best known mammalian peroxidase is glutathione peroxidase, which contains the 
modified amino acid selenocysteine in its reactive center. Glutathione is important in 
maintaining the normal reduction potential of cells and provides the reducing equivalents 
for glutathione peroxidase to convert hydrogen peroxide to water. In red blood cells 
the lack of glutathione leads to extensive peroxide attack on the plasma membrane, 
producing fragile red blood cells that readily undergo hemolysis. Catalase (located in 
peroxisomes) provides a reductant route for the degradation of hydrogen peroxide. 
 
Mammalian catalase has the highest turnover number of any documented enzyme. 
 
2.2.3 Important Generalized Safety Observations for Peroxides 
 
2.3 Peroxides and Peroxidizable Chemicals 

Peroxy compounds contain the characteristic peroxide oxygen-oxygen bond.  

2.3.1 Inorganic Peroxides 

They are generally stable but in contact with organic compounds they may generate 
organic peroxides and hydroperoxides. Peroxides of alkali metals are not sensitive to 
shock but are decomposed slowly by moisture and violently by bulk water. The most 
common inorganic peroxides are sodium peroxide, hydrogen peroxide, sodium 
perborate, and sodium persulfate. The higher atomic weight alkali metals readily form 
superoxides or ozonides. Sodium amide and many organometallic compounds can also 
autoxidize and form hazardous peroxides. These peroxy compounds can pose a threat of 
fire or explosion when contacted by oxidizable materials.  

2.3.2 Organic Peroxides 

Organic peroxides are among the most hazardous chemicals handled in the chemical 
laboratory. The primary types of organic peroxides are hydroperoxides (R-O-O-H) and 
dialkyl peroxides (R-O-O-R′ ), where R and R′ are alkyl groups. Organic peroxides are 
generally low-power explosives that are sensitive to shock, sparks, shaking, friction, heat 
or light. They are far more shock-sensitive than most primary explosives such as TNT. 
Organic peroxides fall largely into four classes: dialkyl or diarylalkyl peroxides, peracids, 
diacyl peroxides and alkyl or arylalkyl hydroperoxides. Those of low molecular weight 
can deflagrate or detonate. Examples of the most common ones are: tert-butyl peroxide, 
tert-butyl hydroperoxide, peracetic acid, benzoyl peroxide, and isopropylbenzene 
(cumene) hydroperoxide. 
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Peroxy compounds are unstable and decompose continuously and bulk quantities may 
generate enough heat to autoaccelerate up to ignition or explosion. Because they can 
generate free radicals with catalytic power their presence as contaminant in a reaction 
mixture can change the course of a planned reaction. Organic peroxy compounds are 
generally more stable when water is present. For example, benzoyl peroxide which is a 
solid at room temperature can ignite or explode from heat, impact or friction must be kept 
moist on storage. The unscrewing of a lid covered with the dry chemical can set off the 
entire lot.  In short, these compounds contain lots of energy.  I will never forget when 
my friend, Dr. Robert Allen, who shared my same biochemistry lab, blew up a flask 
of potassium superoxide and scared the free radi-crap out of both of us. 

2.3.3 Peroxidizable Chemicals 

A wide variety of organic chemicals react with molecular oxygen by a free radical 
reaction even at low concentrations and ordinary temperatures in a process of 
autoxidation to form peroxy compounds that are usually hydroperoxides and/or 
peroxides. Autoxidation of organic chemicals (solvents and other liquids, most 
frequently) proceeds by a free radical chain mechanism. For a chemical R-H, the chain 
may be initiated by ultraviolet light, by the presence of a radical source, and by the 
peroxide itself. Oxygen adds to the R radical, producing the peroxy radical R-O-O. The 
chain is propagated when the peroxy radical abstracts a hydrogen atom from R-H. The 
reaction can be initiated by light or by a contaminant. In addition to any other hazards 
they may have, these chemicals pose a "peroxide threat" especially if the oxygenated 
product crystallizes out or becomes concentrated by evaporation or distillation of the 
unoxidized part. Peroxide crystals may form even on the threads of a sealing plug or cap. 
Ethers are the most notorious peroxide formers.  

Peroxidation is generally a problem of the liquid state. Solid peroxide formers present 
little problem except when finely divided because the reaction, if any, occurs only at the 
surface. Peroxidation does not seem to be a problem in gases or vapors. For liquids, 
peroxidation usually occurs when containers are not fully sealed and blanketed with inert 
gas. In some cases, stabilizers or inhibitors, which are free radical scavengers that 
terminate the chain reaction, are added to the liquid to extend its storage lifetime. 
Examples of common inhibitors are: hydroquinone, 2,6-di-tert-butyl-p-
methylphenol (butylated hydroxy toluene, BHT), diphenylamine which are added to 
the chemical in trace quantities. Iron will inhibit the formation of peroxides in diethyl 
ether, which is one reason that this chemical is usually sold in steel containers. However, 
iron or other metals will not inhibit peroxidation in isopropyl ether and are not known to 
effective in other chemicals. Actually, iron may catalyze peroxidation in some 
chemicals.  Inhibitors are depleted as peroxides are formed and degraded. Eventually 
with the total depletion of inhibitors, the peroxide- forming chemical will act as an 
uninhibited chemical. This may result in rapid accumulation of peroxides in a chemical 
that has been stable for a long time.  
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2.4 SOD As A Prooxidant 
 
Furthermore, discussions referring to superoxide dismutase as one of the most important 
antioxidant enzymes in the body, because it dismutates superoxide anion into hydrogen 
peroxide, are without a logical basis.  Just because SOD helps give an electron to 
superoxide, does not make it an antioxidant. Actually, hydrogen peroxide (+320 E/mV) 
has more oxidant character than does superoxide anion (-330 E/mV). Ergo, I ask, “How 
does generating a more potent oxidant (H2O2 which is a greater oxidant than O2

.-) make 
SOD an antioxidant?”  In fact, our body will produce H2O2 from O2

.- either 
spontaneously or enzymatically, which indicates to me that the body has a need to do so.  
It is clear that all antioxidants can serve as oxidants and that many oxidants can 
serve as reductants, depending upon the reactivities of the respective compounds or 
molecules to which they are exposed. 
 
I took a hard look at the three major antioxidant enzymes in the body, e.g., SOD, 
CAT and GSH-Px and none of them are attacking the powerful oxidants within our 
cells (e.g., the hydroxyl radical, peroxynitrite, hypochlorous acid or singlet oxygen).  
CAT, SOD and GSH-Px are only dealing with the weaker oxidants from 
metabolism, which are O2

.- and H2O2.  Thus, I ask, “Why has the body failed to 
evolve a single antioxidant enzymatic system to deal with the most powerful 
oxidants?”  I believe that it is essential that our bodies maintain a sufficient 
oxidative capacity (EMOD-SS) to deal with pathogens and disease. 
 
I now believe that SOD has the specific purpose or function of generating H2O2 (not 
getting rid of O2

.-), to add to the prooxidant protection of the body. In that regard, 
the one electron reduction potentials for O2

.- and H2O2 clearly demonstrate this fact 
and SOD is not an antioxidant enzyme at all.  It is a potent prooxidant enzyme.  
Further thought on this leads me to believe that both CAT and even possibly GSH-
Px are for the purpose of re-generating ground state O2, while it is reducing H2O2.  
This is analogous to the cycling of vitamin E by vitamin C.  It is another example of 
redox cycling, and is perhaps the best example to be found.   The O2 generated by 
CAT and GSH-Px is available for recycling at complex I and III to form more O2

.-, 
which will be converted to H2O2 and this mechanism could act as an ever efficient 
way of increasing prooxidant potential.   
 
Consequently, I do not consider any of the major “antioxidant enzymes” as having a 
purely antioxidant purpose.  They are all for increasing the oxidative state of the cell 
and for protection against pathogens, neoplasia and for pollutant detoxification. 
 
In fact, to refer to cellular antioxidants or oxidants, without knowing the one 
electron reduction potential of the respective individual components, is meaningless.   
 
Not one case of SOD deficiency inborn disease has been reported, to my knowledge.  To 
me, this emphasizes the need to generate H2O2. 
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2.5 Hydrogen Peroxide 
 
Hydrogen has been called “the universal stress signal molecule.” 
 
It is well known that hydrogen peroxide is a non-charged molecule, which has free 
diffusability through the cellular interior, including the nuclear compartment.  I ask, 
“How could mother nature have allowed the development of such to happen, if hydrogen 
peroxide is as potentially dangerous as some have claimed?”  Hydrogen peroxide has 
free range to constantly travel throughout the cytoplasm and the nucleus, thus, 
encountering the most important molecular families within the cell, e.g., amino 
acids, nucleic acids, proteins, carbohydrates, lipids, and oligoelements.  I do not 
believe that Darwinian evolution would allow for a harmful reagent to have such access 
and exposure to vital cellular components and thus, I must conclude that hydrogen 
peroxide is not a normally harmful in vivo substance.  However, deficiencies or 
excesses of hydrogen peroxide can have adverse effects, just as with any and all other 
orthomolecular or synthetic compound.  Too much or too little of any of these 
orthomolecular or synthetic substances in the wrong place and/or at the wrong time, 
can and does cause problems. 
 
When considering the safety of hydrogen peroxide, one must remember that peroxide 
is ubiquitous within all living/breathing aerobic systems.  Hydrogen peroxide is a 
normal metabolite in the aerobic cell and it is produced from superoxide anion 
spontaneously or as a result of the activity of superoxide dismutase (SOD) (EC1.15.1).  
The superoxide radical undergoes dismutation quickly and spontaneously, but the 
enzymatic process occurs at a rate that is 1010-fold faster.  Peroxide is present in 
our blood, urine and even in the exhaled breath of babies.  It exists in 
steady state levels, of 10-7 to 10-9M, in all living aerobic cells.  Because it 
reacts slowly with organic substrates, it can diffuse considerable distances in biological 
systems.   
 
Significant amounts of topically applied hydrogen peroxide can penetrate the epidermis 
or mucous membranes and be picked up by the vascular system, followed by rapid 
spontaneous or enzyme-catalyzed decomposition to oxygen and water in the underlying 
tissue.  It has been used throughout modern medical history as the most common wound 
irrigant, debriding agent and healing enhancer for countless decades.  Peroxide is in 
the water we drink, in the fresh fruits and vegetables, which we eat, and frequently in the 
air we breathe.   The FDA and the US Dept of Agriculture have approved the use of 
hydrogen peroxide for washing and preserving meats, dairy products, fish, pork and fruits 
and vegetables, such that it is routinely consumed in the average diet on a daily basis. 
 
Hydrogen peroxide is used to safely disinfect countless municipal water supplies on a 
worldwide basis.   It is used as an additive to prolong the shelf life of milk and 
juices. 
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Although it has been referred to in in vitro experiments, using non-physiological 
concentrations and test situations, as a mutagenic or carcinogenic agent, there have been 
no cases of mutagenicity or carcinogenicity in humans reported to safety officials and 
it is officially classified as being “non-mutagenic” for humans.  The US Food and Drug 
Administration (FDA) has concluded that there is insufficient evidence of 
carcinogenicity in humans and IARC states that there is “limited” evidence of hydrogen 
peroxide carcinogenicity in experimental animals (FDA, 1998, IARC (1985). Monograph 
on the Evaluation of Carcinogenic Risk Chemicals to Humans.  Hydrogen peroxide. 36: 
285-314).   
 
Hydrogen peroxide has been poured into millions of open wounds, thus, interacting 
directly with tissue and being absorbed directly into the blood circulation in humans for 
decades and has not resulted in any reports of carcinogenicity.  Further, it is routinely 
used as an irrigant in the abdomen and thorax during and after surgical procedures.  
Peroxide is routinely used to directly irrigate the brain tissue following excision of 
tumors and to establish hemostasis.  Peroxide is used to wash the surgical edges of 
excised tumors and cancers to remove “seeds” and to help prevent “seeding” and 
metastasis. 

Hydrogen peroxide may be administered intravenously in a 0.03% solution. It is infused 
slowly into the patient's vein over a period of one to three hours. Treatments are given 
about once a week for chronic illness but may be given daily for such acute illnesses as 
pneumonia or influenza. A course of intravenous hydrogen peroxide therapy may range 
from one to 20 treatments, depending on the patient's condition and the type of illness 
being treated. Injections of 0.03% hydrogen peroxide have also been used to treat 
rheumatoid and osteoarthritis. The peroxide solution is injected directly into the 
inflamed joint. 

Below is one formula for H2O2 of IV infusion (please note the concentration, which may 
require dilution to prevent hemolysis or air embolism).  Most clinicians infuse 0.0375% 
solutions.  A pioneer of intravenous H2O2 therapy was Charles Farr, who made several 
important original clinical and experimental observations about intravenous hydrogen 
peroxide infusions. He documented short-term and long-term effects of that therapy on 
various aspects of the immune system. One of his astute observations concerned the 
dramatic changes—up to 100% increase from the pre-infusion levels—in oxygen 
consumption rate. He clearly established the fact that biologic effects of that therapy 
cannot be merely attributed to the miniscule amounts of oxygen liberated from the 
infused hydrogen peroxide.  (Farr CH: The therapeutic use of intravenous hydrogen 
peroxide (Monograph). Genesis Medical Center, Oklahoma City, OK 73120, January 
1987). 
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 Composition of Hydrogen Peroxide – I.V. 

Nutrient Concentration Volume 

Hydrogen peroxide 3.75% 0.35 ml 

Sodium Bicarbonate  0.5 mEq/ml = 1.25 mEq 2.5 ml 

Normal saline 0.9%   150 ml 

Hydrogen peroxide is also used externally to treat stiff joints, psoriasis, and fungal 
infections. The patient soaks for a minimum of 20 minutes in a tub of warm water to 
which 1 pint of 35% food-grade hydrogen peroxide (a preparation used by the food 
industry as a disinfectant) has been added. 

Hydrogen peroxide is familiar to most people as an over-the-counter preparation that is 
easily available at supermarkets as well as pharmacies, and is used as an antiseptic for 
cleansing minor cuts and scrapes. It was first used as an intravenous infusion in 1920 
by a British physician in India, T. H. Oliver, to treat a group of 25 Indian patients who 
were critically ill with pneumonia. Oliver's patients had a mortality rate of 48%, 
compared to the standard mortality rate of 80% for the disease. Also, Oliver had to 
treat terminal patients in this initial study.  

In the 1920s, an American physician named William Koch experimented with hydrogen 
peroxide as a treatment for cancer. He left the United States after a legal battle with the 
FDA. In the early 1960s, researchers at Baylor University studied the effects of 
hydrogen peroxide in removing plaque from the arteries as well as its usefulness in 
treating cancer, but their findings were largely ignored. 

Oxygen and ozone therapies are thought to benefit patients in the following ways: 

• Stimulating white blood cell production.  
• Killing viruses (ozone and hydrogen peroxide).  
• Improving the delivery of oxygen from the blood stream to the tissues of the 

body.  
• Speeding up the breakdown of petrochemicals.  
• Increasing the production of interferon and tumor necrosis factor, thus helping the 

body to fight infections and cancers.  
• Increasing the efficiency of antioxidant enzymes.  
• Increasing the flexibility and efficiency of the membranes of red blood cells.  
• Speeding up the citric acid cycle, which in turn stimulates the body's basic 

metabolism. 

Hydrogen peroxide appears to be effective, but has received little support in “modern” 
medicine. The reason may be simple. Hydrogen peroxide cannot be patented. It is 
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present in the ocean, it is present in rainwater, it is present in vegetables, and it is present 
in every aerobic cell of your body right now, in steady state levels. It must be classified 
as a food, because it is part of all fresh food of plant origin. Because it is produced in the 
human body, it can be called an orthomolecular substance and it may be safer than 
synthetic drugs (Root RK, Metcalf J, Oshino N, et al. H2O2 release from human 
granulocytes during phagocytosis. J Clin Invest 1975;55:945-955). 
 
Since it is a food and cannot be patented, there is no big profit to be made on it. Some 
investigators believe that AIDS and cancer can be helped with hydrogen peroxide. The 
theory is that the cancer cell and the AIDS virus both are anaerobic and do not do 
well when exposed to oxygen or EMODs, supplied by the hydrogen peroxide and it 
interactions to produce a wide variety of oxygen derivatives (Manakata T, Semba U, 
Shibuya Y, et al. Induction of interferon-gamma production by human natural killer cells 
stimulated by hydrogen peroxide. J Immunol 985;134(4):2449-2455). 
. 
 
Please refer to UTOPIA 1st ed. pg.293, 24.0 Baylor University Medical Center 
H2O2 Research.  (Finney JW, Jay BE, Race GJ, et al. Removal of cholesterol and 
other lipids from experimental animals and human atheromatous arteries by dilute 
hydrogen peroxide.Angiology 1966;17:223-228) (Urschel HC, Finney JW, Morale AR, et 
al. Cardiac resuscitation with hydrogen peroxide. Circ 1965;31 (suppl II);II-210) (Urschel 
HC, Finney JW, Balla GA, et al. Protection of the ischemic heart with DMSO alone or  
with hydrogen peroxide. Ann NY Adad. Sci. 1967; 151:231-241). 
   
Research in the 1960s at Baylor University showed conclusively that intra-arterial 
hydrogen peroxide dissolves plaque in large arteries. This may make H2O2 a 
complement to EDTA in the treatment of vascular disease. This combination is called 
“Chelox Therapy.” Hydrogen peroxide also has been found to dissolve cholesterol 
and calcium deposits associated with atherosclerosis. Therefore, it is likely a good 
treatment for vascular disorders. This can result in lessening or disappearance of angina, 
leg pain and transient ischemic attacks to the brain, which causes dizziness (Lebedev LV, 
Levin AO, Romankova MP, et al. Regional oxygenation in the treatment of severe 
destructive forms of obliterating diseases of the extremity arteries.Vestn Khir 
1984;132:85-88).  
 
It also can help reverse some of the damage left over by a stroke, if treatment is instituted 
early enough. Hydrogen peroxide may also be useful in treating cancer (Nathan CF, Cohn 
ZA Antitumor effects of hydrogen peroxide in vivo. J Exp Med 1981;154:1539-1553). 
 
In IV H2O2 therapy, hydrogen peroxide is infused into the circulatory system through a 
vein in the arm, over a ninety-minute period. The formula consists of 2.5 cc of 
pharmaceutical-grade, three-percent hydrogen peroxide in 150 cc five percent dextrose in 
water as a carrier solution. Two grams of magnesium chloride are added along with a 
small amount of manganese to prevent vein sclerosis. 
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In the blood, it encounters two enzymes: catalase and cytochrome-C. Catalase drives the 
above reaction to completion immediately. That part of the hydrogen peroxide that 
binds with cytochrome-C, however, is not allowed to become water and atomic 
oxygen for a period of forty minutes. (RMH Note: I have not found independent 
verification for the interaction of H2O2 and cytochrome-c in the literature). After 
forty minutes of being bound to cytochrome-C this enzyme begins to act like catalase and 
breaks down the hydrogen peroxide to water and atomic oxygen. Some say that by this 
time, the hydrogen peroxide/cytochrome-C complex has been spread throughout the 
body. In this way the benefits of hydrogen peroxide are made available to all cells 
(Gorren AC, Dekker H, Wever R Kinetic investigations of the reaction of cytochrome C 
oxidase by hydrogen peroxide. Biochem Biophys Acta 1986; 852(1):81-92).  
 
Myeloperoxidase is in neutrophils, monocytes and microglial cells. 

The neutrophils can enhance the power of hydrogen peroxide by reacting it with the salt 
in our body using an enzyme called myeloperoxidase. This enzyme is an amazing green 
color in the test tube but most people are familiar with it as the green phlegm in their 
handkerchief during a bad head cold. This enzyme converts the hydrogen peroxide to 
hypochlorite, also known as chlorine bleach. Chlorine bleach is a potent and lethal 
killer of bacteria. When unleashed on a cell it destroys the enzymes and protein structures 
by adding chlorine atoms to them. This causes cell metabolism to grind to a halt and the 
cell dies. Superoxide is said to be the most commonly encountered free radical in 
biology.  

The hydroxyl radical, written HO• to show the lone electron, is so reactive that it only 
takes one billionth of a second to react with a neighboring molecules, usually by 
stealing hydrogen atoms from other molecules. The hydroxyl radical regains the lost 
electron in this manner and forms a water molecule (H2O). 

The majority of the hydrogen peroxide is broken down to oxygen and water by the 
cellular enzyme catalase. In addition to catalase, the body also has a group of selenium-
containing enzymes collectively called glutathione peroxidases. These enzymes break 
down hydrogen peroxide and any peroxides which form on fats and oils within the body. 
They are called glutathione peroxidases because they transfer the energy of the 
reactive peroxides to a very small sulphur containing protein called glutathione. The 
selenium contained in the enzymes acts as the reactive centre, carrying reactive electrons 
from the peroxide to the glutathione. It is the glutathione that is the antioxidant in the 
reaction, not the selenium as many health food companies would lead us to believe. 
Selenium by itself is a potent oxidant which can be very toxic if too much is taken.  

At physiological pH and conditions, peroxide is quite stable and mildly reactive, with 
the ability to readily cross cell membranes.  Hydrogen peroxide is capable of undergoing 
numerous reactions (e.g., molecular additions, substitutions, oxidations and reductions).   
Please remember that peroxide breaks down into its component parts of water and 
oxygen.  After all, it is made of water and oxygen (the two most essential 
requirements for sustaining our aerobic lives).  It is commonly used as a cleaning 
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solution for contact lenses and as an irrigant for the eyes.  It is used in the ears to dissolve 
ear wax and in the mouth as a rinse and as a bleaching agent for the teeth.  In the absence 
of salivary peroxidase and thiocyanate, the rate of production of hydrogen peroxide by 
bacteria in saliva is approximately 100 nmol/ml/hr and would lead to a steady state level 
of 0.1 mM hydrogen peroxide in one hour (Thomas, E.L., Milligan, T.W., Joyner, R.E 
and Jefferson, N.M (1994) Antibacterial activity of hydrogen peroxide and the 
lactoperoxidase-hydrogen peroxide-thiocyanate system against oral streptococci.  Infect 
Immun 62: 7-13).   

In the presence of salivary peroxidase and thiocyanate, the steady-state level of 
peroxide was predicted to be maintained below 0.01 mM.  This oral steady state 
source of peroxide is likely being swallowed by most individuals on a continuous and 
daily basis.  

2.5.0 EMODs in Human Endothelial Cells, Arteriosclerotic Plaques and 
Chlamydia 

It has occurred to me that areas of the heart which are compromised, such that poor 
oxygen consumption is involved and which consequently has poor generation of 
endothelial EMODs, are a good set up of the development of bacterial endocarditis or 
bacterial vegetations.  Such seems to be the case in which valves have become calcified 
or in which poorly functioning areas of the heart have been seeded with bacteria in 
immunocompromised patients. Calcification would certainly limit the formation of 
EMODs by endothelial cells and render the site vulnerable to bacterial growth.  An 
extreme case of this would be seen in artificial pig (xenografts) or synthetic valve 
replacement.  I believe that bacterial vegetations on synthetic or porcine grafts is a 
classic illustration that the endothelium must have a continuous production of 
EMODs or it is a site which may “allow” the manifestation of infections to occur. 

Infective endocarditis is seen with increasing frequency in older patients. This 
increase is due to the general aging of the population, improved survival of patients with 
congenital and valvular heart disease, and the increasing use of catheters and other 
prosthetic devices with resulting higher incidence of nosocomial endocarditis. Other risk 
factors include IV drug users, immunocompromised patients, degenerative heart disease, 
and in patients with a cutaneous portal of entry. In older patients, infective endocarditis 
frequently develops in the absence of underlying structural heart disease; atheromatous 
deposits and mitral annular calcification are two important risk factors in this 
population. Infective organisms in older patients are frequently enterococci and 
other gastrointestinal tract bacteria. A marked febrile response is uncommon whereas 
central nervous system symptoms are more common in older patients. Transesophageal 
echocardiography can be performed safely and is a major diagnostic tool with sensitivity 
of more than 90% in detecting vegetations as small as 2-5 mm. Appropriately drawn 
blood cultures provide bacteriologic diagnosis in 80%-99% of patients. Prolonged 
antibiotic therapy may be required in many instances depending on the infective 
organism. Early surgical therapy is advisable for patients who develop heart failure as a 
result of severe acute aortic valvular regurgitation. Valve replacement surgery can be 
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performed with acceptable mortality and morbidity even in very elderly 
patients(Gregoratos G. Infective endocarditis in the elderly: diagnosis and management. 
Am J Geriatr Cardiol. 2003 May-Jun;12(3):183-9). 

I believe that the appearance of atheromatous plaques indicates that the 
endothelium is not producing adequate levels of EMODs to prevent the aggregation 
of plaque material.  Furthermore, the lower level of EMODs at the site of plaque 
formation indicates that this site is a potential haven for the development of 
infections and for bacterial growth, hence, the association of Chlamydia with 
arteriosclerotic plaques.  The deficiency state of EMODs “allows” for the 
development of both the plaque and the presence of bacteria. 

2.5.1 H2O2 in Human Endothelial Cells 

Hydrogen peroxide (H2O2), an oxidant generated by inflammatory cells, is an important 
mediator of injury and or protection of endothelial cells (ECs). Here they show that H2O2 
induces up-regulation of the expression of Fas, a death signal, in human ECs in culture. 
Incubation for 24 h with H2O2 induced a dose-dependent increase in the level of Fas in 
ECs. Vanadate, a protein phosphatase inhibitor, significantly enhanced Fas mRNA and 
protein levels in H2O2-treated ECs. On the other hand, genistein, a tyrosine kinase 
inhibitor, inhibited H2O2-induced Fas mRNA expression.  

These findings suggest that H2O2 induces up-regulation of Fas in ECs and that activation 
of protein tyrosine kinase may be involved in the mechanism of H2O2-induced Fas 
expression. Therefore, Fas-mediated apoptosis may have a pathologic role in H2O2-
induced EC injury.  

Fas, also called APO-1 or CD95, is a type I membrane protein belonging to the TNF 
and nerve growth factor receptor family, which mediates a death signal (Nagata, S., 
P. Golstein. 1995. The Fas death factor. Science 267:1449). Various cells express Fas, 
whereas Fas-L is expressed predominantly in activated T cells. Malfunction of the Fas 
system causes lymphoproliferative disorders and accelerates autoimmune diseases, 
whereas its over activity may cause tissue destruction.  

Injury of endothelial cells (ECs) is a critical event in the acute inflammatory process and 
the development of atherosclerosis (Ross, R. 1993. The pathogenesis of atherosclerosis: a 
perspective for the 1990s. Nature 362:801). In the genesis of inflammatory lesions, ECs 
can interact with macrophages, platelets, and vascular smooth muscle cells (VSMC) as 
well as T cells. One form of injury to ECs results from excessive levels of oxygen 
radicals released from leukocytes, macrophages, and ECs themselves (Weiss, S. J., J. 
Young, A. F. LoBuglio, A. Slivka. 1981. Role of hydrogen peroxide in neutrophil-
mediated destruction of cultured endothelial cells. J. Clin. Invest. 68:714) (Starkebaum, 
G., J. M. Harlan. 1986. Endothelial cell injury due to copper-catalyzed hydrogen peroxide 
generation from homocysteine. J. Clin. Invest. 77:1370).  
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Increasing evidence suggests that oxidative stress can be a mediator of apoptosis 

(Buttke, T. M., P. A. Sandstrom. 1994. Oxidative stress as a mediator of apoptosis. 
Immunol. Today 15:7). This hypothesis is based on the findings that many agents that 
induce apoptosis are oxidants or stimulators of cellular oxidative metabolism, and that, 
conversely, many inhibitors of apoptosis have antioxidative activities or enhance cellular 

antioxidant defenses and the presence of extracellular calcium was found to be necessary 
for the induction of apoptosis with all agents tested (Lennon, S. V., S. J. Martin, T. G. 
Cotter. 1991. Dose-dependent induction of apoptosis in human tumor cell lines by widely 
diverging stimuli. Cell. Prolif. 24:203) (Ramakrishnan, N., G. Catravas. 1992. N-(2-
mercaptoethyl)-1,3-propanediamine (WR-1065) protects thymocytes from programmed 
cell death. J. Immunol. 148:1817).  

There is evidence that diffusable reactive oxygen intermediates such as nitric oxide (NO) 
and hydrogen peroxide (H2O2) (EMODs) can modulate cellular functions through 
altering signal transduction in many cell types, including ECs, VSMC, and T cells 
(Los, M., W. Droege, K. Stricker, P. A. Baeuerle, K. Schulze-Osthoff. 1995. Hydrogen 
peroxide as a potent activator of T lymphocyte functions. Eur. J. Immunol. 25:159) 
(Harlan, J. M., K. S. Callahan. 1984. Role of hydrogen peroxide in the neutrophil-
mediated release of prostacyclin from cultured endothelial cells. J. Clin. Invest. 74:442) 
(Lewis, M. S., R. E. Whatley, P. Cain, T. M. McIntyre, S. M. Prescott, G. A. 
Zimmerman. 1988. Hydrogen peroxide stimulates the synthesis of platelet-activating 
factor by endothelium and induces endothelial cell-dependent neutrophil adhesion. J. 
Clin. Invest. 82:2045) (Sundaresan, M., Z-X. Yu, V. J. Ferrans, K. Irony, T. Finkel. 1995. 
Requirement for generation of H2O2 for platelet-derived growth factor signal 
transduction. Science 270:296) (Rao, G. N., B. C. Berk. 1992. Active oxygen species 
stimulate vascular smooth muscle cell growth and proto-oncogene expression. Circ. Res. 
70:593)  

In 1976, Dr. Klebanoff stated that H2O2 is one of the most important antimicrobial 
and antitumor weapons of polymorphonuclear leukocytes.  
 
Stimulation of various cells with cytokines, phorbol esters, or growth factors increases 

the secretion of H2O2 in the extracellular space in vitro. High concentrations of this 
diffusible reactive oxygen intermediate exert toxic effects on susceptible cells. However, 
low concentrations of H2O2 alter cellular functions by modulating signal transduction in 
certain cells, including ECs, in vitro. Although it has been shown that activated 
polymorphonuclear leukocytes can generate H2O2 concentrations of up to 0.2 mM in 
vitro, and cigarette smoke passed through saline yields H2O2 concentrations of 0.05 to 0.1 
mM, it is unknown how much H2O2 is actually produced in inflammatory lesions in vivo.  

It has been reported that H2O2 is a potent inducer of many biologic factors, 
including platelet-activating factors and vascular endothelial growth factor. 
Exogenously added H2O2 can freely diffuse across cell membranes and induce tyrosine 
phosphorylation in several cell types.  
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H2O2 increases nuclear levels of NF- B and AP-1 through a tyrosine kinase-dependent 
mechanism in ECs and lymphocytes. Although EC apoptosis is important in normal 
tissue homeostasis and during development, it is also present during remodeling of 
damaged tissues. Sgonc et al. recently reported that EC apoptosis is a primary 
pathogenic event underlying skin lesions in avian and human scleroderma.  

H2O2 at a high concentration of 1 mM alone induced apoptosis in ECs. Their preliminary 
experiments showed that apoptosis induced by 1 mM H2O2 was partially inhibited by 
coincubation with a neutralizing Ab to Fas-L, suggesting that up-regulation of Fas-L may 
also participate in the mechanism of H2O2-induced apoptosis in ECs. Taken together, 
these findings suggest that Fas-mediated apoptosis in ECs may contribute to the 
mechanism of H2O2-induced tissue injury and the extravasation of inflammatory cells.  

2.5.2 Hydrogen Peroxide-Induced Growth Factor Receptor Transactivation 

Oxidative stress in the form of cellular reactive oxygen species EMODs production is 
known to be important for host defense against invading pathogens and tumor cells 
(Babior, B. M., Lambeth, J. D., and Nauseef, W. (2002) Arch. Biochem. Biophys. 397, 
342-344). Similarly, the overproduction of reactive nitrogen species EMODs has been 
implicated in the response to cytokines including tissue damage and apoptosis (Marshall, 
H. E., and Stamler, J. S. (2002) J. Biol. Chem. 277, 34223-34228). It has become clearer 
that EMODs are important transducers of cellular signaling that regulate cell growth, 
proliferation, differentiation and death (Finkel, T. (2000) FEBS Lett. 476, 52-54). 

H2O2 has emerged as a particularly important signaling molecule that is consistent with 
its chemical similarities to nitric oxide, a well characterized autocrine and paracrine 

signaling species (Thomas, S. R., Chen, K., and Keaney, J. F., Jr. (2003) Antioxid. Redox 
Signal. 5, 181-194). Like nitric oxide, H2O2

 has defined targets such as protein thiol 
moieties that produce a variety of sulfur oxidation products that have the potential to 
produce distinct cellular responses (Kim, S. O., Merchant, K., Nudelman, R., Beyer, W. 
F., Jr., Keng, T., DeAngelo, J., Hausladen, A., and Stamler, J. S. (2002) Cell 109, 383-
396).  

H2O2 is a weak oxidant with a relatively long (seconds) half-life in biological systems.  
H2O2 is soluble in both lipid and aqueous environments, and thus, capable of 
traversing several cell diameters before it reacts with its target or is catabolized. 

The proximal redox-sensitive targets required for H2O2-induced cell signaling are not 
well understood. Emerging evidence indicates that activation of receptor tyrosine 
kinases through a process known as receptor "transactivation" that involves ligand-
independent stimulation of receptor tyrosine kinase activity is particularly important. In 
this regard, H2O2-induced transactivation of the epidermal growth factor (EGF) and 
platelet-derived growth factor (PDGF) receptors has received considerable 
attention. Transactivation of the EGF receptor is required for H2O2-induced activation of 
c-Jun NH2-terminal kinase (JNK), Akt, and phospholipase C. Transactivation of the 
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PDGF receptor by H2O2 has been described in response to angiotensin II and is required 
for H2O2-mediated activation of the tumor-suppressor protein p53. 

Despite this interest in receptor tyrosine kinase transactivation by H2O2, the precise 
molecular events involved in this process are not clear. The principal finding is that 
mitochondrial respiration is an important proximal component of the signaling 

response to H2O2. These data implicate the mitochondrion as a proximal component 

of redox-sensitive events in cell signaling (K Chen, SR Thomas, A Albano, MP 
Murphy, and JF Keaney, Jr. Mitochondrial Function Is Required for Hydrogen Peroxide-
induced Growth Factor Receptor Transactivation and Downstream Signaling. J. Biol. 
Chem., Vol. 279, Issue 33, 35079-35086, August 13, 2004). 

2.5.3 H2O2 Commercial Considerations 

It is commercially manufactured in enormous quantities and in 1995, Europe produced 
750,000 tonnes of hydrogen peroxide (calculated as 100% H2O2).  It is a common 
component of first aid kits and is present in the vast majority of households.  Despite all 
of the literature hoopla regarding peroxide and free radical damage,  patients lacking 
catalase (the primary enzyme for breaking down hydrogen peroxide) appear to live 
relatively normal lives and the Swiss type acatalasaemic patients show no signs of 
oxidative damage (Goth, L and Pay, A. Genetic heterogeneity in acatalasemia. (1992) 
Electrophoresis 17: 1302-1303).  

Theories on the damaging effects of reactive oxidative nitrative species (EMODs) on 
cellular components are currently very popular.  However, cells reportedly protect 
themselves by the presence of antioxidant enzymes (superoxide dismutase, catalase, and 
glutathione peroxidase).   
 
Please remember that just as we use H2O2 for prooxidant protection from pathogens 
and neoplasia, pathogens can also use H2O2 for their own protection.   
 
2.5.4 Hepatitis C Virus may Kill Lymphocyte with EMODs 
 
The persistent infection caused by hepatitis C virus (HCV) is presumably explained by a 
deficient immune response to the infection, but the basis for the inefficiency of immune-
mediated virus eradication is not known in detail. Investigators showed that NS3, a 
nonstructural, HCV-encoded protein, induces a prolonged release of oxygen radicals 
from mononuclear and polymorphonuclear phagocytes by activating a key enzyme in 

radical formation, the reduced nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase. The NS3-activated phagocytes, in turn, induced dysfunction and/or 
apoptosis in three major subsets of lymphocytes of relevance to defense against HCV 
infection: CD3+/56– T cells, CD3–/56+ natural killer (NK) cells, and CD3+/56+ NKT cells. 
Two inhibitors of the NADPH oxidase, histamine and diphenylene iodonium, suppressed 
the NS3-induced oxygen radical production and efficiently protected lymphocytes against 
NS3-induced apoptosis and dysfunction. In conclusion, it is proposed that NS3, by 
triggering oxygen radical formation in phagocytes, may contribute to the dysfunction of 
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antiviral lymphocytes in HCV-infected liver tissue and that strategies to circumvent 
oxidative stress may be useful in preventing HCV-associated carcinogenesis and 
facilitating lymphocyte-mediated clearance of infected cells (F Thorén, A Romero, M 
Lindh, C Dahlgren and K Hellstrand. A hepatitis C virus-encoded, nonstructural protein 
(NS3) triggers dysfunction and apoptosis in lymphocytes: role of NADPH oxidase-
derived oxygen radicals. Journal of Leukocyte Biology. 2004;76:1180-1186).  It appears 
that even a virus, such as Hepatitis C has learned to use EMODs for their own self 
prooxidant protection.  
Thus, insects, bacteria and viruses can utilize EMODs for defense, just as we do. 
 
Oxidation can serve as a protective, helpful or harmful process throughout the plant 
and animal kingdom. Curiously, one of the sites of greatest production of EMODs, 
within the cell is the mitochondrion and it does not contain catalase.  Yet, it usually 
survives and functions quite well and its DNA remains intact throughout a normal life 
time.            
 
2.5.5 Hydrogen Peroxide (H2O2) General Facts 
 
Hydrogen peroxide (H2O2) can be:  
i) divalently reduced by catalase (CAT) or glutathione peroxidase (GSH-Px),  
ii) divalently reduced by diverse peroxidases producing singlet oxygen (1O2),  
iii) monovalently reduced to produce hydroxyl radical (°OH) through the Fenton reaction 
catalysed by transition metals (M) such as iron or copper,   
iv) monovalently reduced by reaction with O2

.– to produce 1O2. 
 
Several enzymes are inactivated by EMODs, including:  
-catalase  
-glyceraldehyde-3-phosphate dehydrogenase  
-glutathione peroxidase 
-adenylate cyclase  
-myofibrillar ATPase and  
-creatine kinase (Lucchesi BR. Free radicals and tissue injury. Dialogues Cardiovasc 
Med. 1998; 3:3–22).
 
The most important sources of EMODs generation are:  
-endoplasmic reticulum (cytochrome P450) 
-peroxisomes (fatty acid oxidation) 
-mitochondrial electron transport system (univalent reduction of molecular oxygen 
NADH dehydrogenase complex)  
-endothelial cells (xanthine oxidase reaction)  
-inflammatory cells (myeloperoxidase, NADPH oxidase)  
-catecholamine oxidation  
-and metabolism of arachidonic acid  (Toufektsian MC, Boucher FR, Tanguy S, Morel S, 
de Leiris JG. Cardiac toxicity of singlet oxygen: implication in reperfusion injury. 
Antioxid Redox Signal. 2001 Feb;3(1):63-9).
 

Page 90 of 931 



2.5.6   H2O2 and T Cell Antigen Receptor (TCR) 

Naïve, mature T lymphocytes undergo proliferation and acquisition of effector function 
when they encounter antigen on the surface of specialized antigen-presenting cells that 
also express required co-stimulatory surface proteins. Our understanding of the molecular 
signaling pathways that are initiated by these stimulatory events has advanced 
considerably over the past decade, largely as a result of studies in transformed T cell lines 
in which T cell antigen receptor (TCR) engagement has been mimicked by agents 
such as lectins and anti-TCR antibodies, which cause aggregation of the TCR (Wange, R. 
L., and Samelson, L. E. (1996) Immunity 5, 197-205). Oxidants such as H2O2, 
pervanadate, and ultraviolet light have been found to mimic the intracellular signals 
initiated by TCR aggregation and have also been used to study this signaling pathway.  
In short, H2O2 can trigger T cell proliferation and activation. 

2.5.7 H2O2 as Protection for Bacteria 
 
Streptococcal species other than group A streptococci (GAS; Streptococcus pyogenes) 
can cause a wide range of diseases in animals and humans, including nonsymptomatic 
commensal-like carriage, skin infections, septicemia, arthritis, endocarditis, otitis media, 
pneumonia, and meningitis (Jedrzejas, M. J. 2001. Pneumococcal virulence factors: 
structure and function. Microbiol. Mol. Biol. Rev. 65:187-207). Pneumococci, viridans 
streptococci, some GCS, and GGS produced similar amounts of H2O2 and showed similar 
killing kinetics as equimolar amounts of pure H2O2. Killing by all strains depended 
completely upon the amount of H2O2 produced and could be prevented with 
catalase. None of the GBS produced H2O2; therefore, they did not affect the viability of 
C. elegans. There was no correlation between human pathogenicity of the strains and 
their killing capacity for C. elegans in the assays just described. Pathogenic bacteria 
like S. pneumoniae show the same killing effects as oral commensals like S. mitis and S. 
oralis. The mortality of C. elegans reflected solely the H2O2 production of the bacterial 
strains. 
 
Streptococcal production of H2O2 has several effects in humans. It inhibits a variety 
of competing organisms in the upper respiratory tract (Pericone, C. D., K. Overweg, 
P. W. Hermans, and J. N. Weiser. 2000. Inhibitory and bactericidal effects of hydrogen 
peroxide production by Streptococcus pneumoniae on other inhabitants of the upper 
respiratory tract. Infect. Immun. 68:3990-3997) and causes direct oxidative damage to 
brain ependymal cells (Hirst, R. A., K. S. Sikand, A. Rutman, T. J. Mitchell, P. W. 
Andrew, and C. O'Callaghan. 2000. Relative roles of pneumolysin and hydrogen 
peroxide from Streptococcus pneumoniae in inhibition of ependymal ciliary beat 
frequency. Infect. Immun. 68:1557-1562), ciliated nasal epithelium (Feldman, C., R. 
Anderson, R. Cockeran, T. Mitchell, P. Cole, and R. Wilson. 2002. The effects of 
pneumolysin and hydrogen peroxide, alone and in combination, on human ciliated 
epithelium in vitro. Respir. Med. 96:580-585), and alveolar epithelial cells (Duane, P. 
G., J. B. Rubins, H. R. Weisel, and E. N. Janoff. 1993. Identification of hydrogen 
peroxide as a Streptococcus pneumoniae toxin for rat alveolar epithelial cells. Infect. 
Immun. 61:4392-4397). It is an important virulence factor in, e.g., pneumococcal 
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colonization and host cell damage and induces apoptosis in brain cells (Braun, J. S., J. 
E. Sublett, D. Freyer, T. J. Mitchell, J. L. Cleveland, E. I. Tuomanen, and J. R. Weber. 
2002. Pneumococcal pneumolysin and H2O2 mediate brain cell apoptosis during 
meningitis. J. Clin. Investig. 109:19-27). I am not at all surprised that other species 
utilize prooxidant protection.  It works well for us and for them. 
 
 
Enterococci are gram-positive bacteria that usually reside in the gastrointestinal 
tract as commensal organisms, but they are also capable of causing severe infections 
(Gilmore, M. S., P. S. Coburn, S. R. Nallapareddy, and B. E. Murray. 2002. 
Enterococcal virulence, p. 301-354. In M. S. Gilmore, D. B. Clewell, P. Courvalin, G. M. 
Dunny, B. E. Murray, and L. B. Rice (ed.), The enterococci: pathogenesis, molecular 
biology, and antibiotic resistance. ASM Press, Washington, D.C.). Enterococci are the 
third leading source of nosocomial infections, causing endocarditis, peritonitis, 
bacteremia, and urinary tract infections. Two enterococcal species are responsible for 
almost all of these infections. According to a 1997 survey, the majority (85 to 90%) of 
enterococcal infections are caused by Enterococcus faecalis, and the remaining infections 
are due to Enterococcus faecium. The mechanism underlying E. faecium pathogenesis is 
obscure. 
  
Researchers identified conditions in which E. faecium kills C. elegans, and presented 
evidence that the killing is due to the production by E. faecium of hydrogen peroxide 
(T. I. Moy, E. Mylonakis, S. B. Calderwood, and F. M. Ausubel. Cytotoxicity of 
Hydrogen Peroxide Produced by Enterococcus faecium. Infection and Immunity, August 
2004, p. 4512-4520, Vol. 72, No. 8). 
 
2.6 Singlet Oxygen (Delta Species) 
 
Singlet oxygen is located throughout our everyday environment.  It is in the air we 
breathe, in plants and vegetables and in the water.  Any pigmented substance (in the 
environment, the skin or in the body) can serve as an antenna for a photochemical 
reaction which generates singlet oxygen.  Thus, it is involved in photosynthesis and is 
present in rivers and oceans, where it likely contributes to self-sterilization of bodies of 
water, along with hydrogen peroxide.  Singlet oxygen is produced by many of the oxidase 
and oxygenase enzymatic systems of the aerobic cell.  It can be produced by the 
interaction of superoxide anion or of hypochlorite with hydrogen peroxide, which are 
readily available in aerobic cells.   
 
Singlet oxygen has been demonstrated to have bacteriocidal, virucidal, fungicidal, 
parasiticidal and tumoricidal activity.   Its importance is just coming to the forefront 
because of studies involving photodynamic therapy.  Since its discovery by the 
pioneering work of Howes and Steele, its importance in mammalian biochemistry has 
grown exponentially.  Singlet oxygen exists in steady state levels within aerobic cells and 
physiological mechanisms exist to deal with excess amounts.  It is intimately involved in 
signal transduction and gene expression.  Singlet oxygen and hydrogen peroxide will 
predictably rise to the significance of nitric oxide, serving in secondary messenger 
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roles within cells.   
 
Most importantly, singlet oxygen is produced during phototherapy for 
hyperbilirubinemia in millions of new born babies and has proven to have a 
widespread safety record for many decades.  Singlet oxygen has been detected in the 
upper atmosphere and is partially responsible for the aurora borealis.   Astronauts have 
detected the presence of a red ring around the ionosphere, which is attributable to singlet 
oxygen.  Once again, singlet oxygen appears to be a species which has wide distribution 
throughout our external and internal environment. 
 
 
Free fatty acids (FFA), squalene, squalene hydroperoxide, and uric acid in the methanol 
extracts from human skin surface were measured. Levels of FFA and squalene were 
significantly lower in the older (83.7 ± 9.4 years) than in the younger (22.2 ± 3.9 years) 
group. FFA are mostly saturated, and linoleic acid is an exclusive polyunsaturated fatty 
acid. The composition of linoleic acid decreased in the older group by 40%, suggesting 
age-dependent loss of oxidatively vulnerable polyunsaturated fatty acid. Even 
monounsaturated acids such as palmitoleic and oleic acids decreased significantly in the 
older group. This could be interesting because 2-nonenal is the oxidation product of 
palmitoleic acid and has been identified as the major aged body odor component. 
Sunlight exposure for 1.5 h did not change levels of FFA and squalene, or FFA 
composition. However, squalene hydroperoxide increased by 60-fold, as reported 
previously, suggesting that hydroperoxide is produced by singlet oxygen. Uric acid 
increased by two-fold, which may be the adaptive response against photo-oxidative stress 
because uric acid is a good scavenger of singlet oxygen and oxygen radicals 
(Nobumasa Hayashi, Kenji Togawa, Makoto Yanagisawa, June Hosogi, Daigo Mimura 
and Yorihiro Yamamoto. Effect of sunlight exposure and aging on skin surface lipids and 
urate.  Experimental Dermatology Volume 12 Issue s2 Page 13 - October 2003).  This 
paper again illustrates that aging is concerned with a vast array of biochemical 
changes.   
 
Please remember that uric acid is a scavenger of singlet oxygen, peroxynitrite and 
hypochlorous acid.  Ironically and in contrast to the Free Radi-Crap theory, it is the 
antioxidant, uric acid, which causes gout. 
 
I believe that a most important observation concerning levels of 1O2 is the fact that high 
levels seen with PDT and with the Howes 1O2 Delivery System can and does kill 
cancer.  Whereas, low levels of 1O2 in beta-carotene studies (a singlet oxygen trap) 
allowed cancer to manifest itself.  In my opinion, this is a beautiful illustration of the 
importance of 1O2.   Thus, I ask, “How toxic are these RONS (EMODs)?”  
 
Singlet oxygen (1O2), a very short-lived and reactive form of molecular oxygen in which 
the outer electrons are raised to a higher energy state, can be formed by a variety of 
mechanisms, including the Haber-Weiss reaction (H2O2 + O2

•– •OH + OH– + 1O2). 
However, it has repeatedly been pointed out that under physiological conditions, the 
Haber-Weiss reaction does not occur. Yet, some authors continue to invoke this 
pathway for damage from RONS, but it does not happen in vivo in the body as it does in 
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the test tube, in vitro. 
 
2.7.1 Sources of Hydrogen Peroxide and Superoxide Anion 
 
 
 

“Once the novelty of ‘free radical bashing’ wears off, 
one is struck by the obvious truth of oxygen’s greatness. 

It starts as a non-reactive ground state and 
ends as reduced and non-reactive water, 
such that all of its life-giving magic lies  

within its electronic structure 
in the ‘realm of the radical’. 

The mindless fun of the free radical theory of aging 
and oxidative stress 

is as meaningless as the 
moon-howling, 

of the peyote coyote.” 
R. M. Howes, M.D., Ph.D. 

1-13-05 
 
 
2.7.2 18 Pages of Peroxide facts 
Some of this material was taken from UTOPIA 1st Ed., Vol. I 
 
The primary reactive oxygen metabolites (ROMs) are O2

.- and H2O2.  All other 
oxygen radicals (.OH, RO., ROO.) are produced via secondary reactions of these 
initially formed metabolites.   
 
2.7.3 O2

. -  Produced Daily 
Under normal conditions, the amount of O2

. - generated by a mitochondrion has 
been estimated to be as high as 107 O2

.- radicals per day.  This equates to 416,666.6/ 
hour or 6,944/minute or 116/second.  If we multiply this times an average of 200 
mitochondria per cell, we get 23,000/sec/cell or if we multiply this times 75 trillion 
cells, we get 2.3 X 1016  superoxide anions produced by the body every second of 
every day. 
 
It takes enormous volumes of O2 and RONS to keep us going.  Shockingly, a 70 
kilogram/154 lb. adult with a 1% “leak” would produce annually 1.7 kilograms of O2

.- 
(presumably and/or H2O2 or .OH) and a 5% leak would generate an astonishing 8.5 
kilograms of O2

.- in a year.  In other words, at a 5% leak of O2
.-, an average adult 

would produce more than his entire body weight in O2
.- in 6 years.   If he lived to be a 

healthy 83 year old, he would have produced over 10 times his body weight in 
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oxygen free radicals (705 kg of O2
.-) and many individuals appear to do this and are just 

fine.  So, I ask my question again, “How toxic are RONS?”  They do not sound very 
toxic to me. 
According to the director of the Linus Pauling Institute, Dr. Frei Balz, under normal 
metabolic conditions, each cell in our body is exposed to about 1010 molecules of 
superoxide each day. For a person weighing 150 pounds, this amounts to about 4 pounds 
of superoxide per year, a substantial amount! Once formed, superoxide is converted to 
other EMODs. For a 200 pound man this equates to formation of 5.3 pounds of O2

.- per 
year.  That means that in 37.7 years, this person would have formed an amount of O2

.- 
equal to his body weight and at 75 years of age, he would have formed 2 times his 
body weight of O2

.-.  Please remember that O2
.- is immediately converted into H2O2 and 

one would have a corresponding amount of H2O2 formed in the same time frame. 
 
-If O2

.- were stable, O2 cellular utilization would produce 5 µmol 1-1 intracellular O2
.- 

per second (O2 toxicity, Fridovich). 
 
Under basal conditions, human cells produce about 2 billion O2

.- and H2O2 
molecules per cell per day.  
 
-Activated phagocytic cells, such as monocytes, neutrophils, eosinophils and 
macrophages generate O2

.- 

 
One rat liver mitochondrion produces 3 x 107 superoxide radicals per day.  
 Figures vary according to the reference cited. 
 
-The stationary stage concentration of O2

.- is maintained by SOD at 10-11 M in cytosol 
and 10-10 M in mitochondrial matrix. 
 
-3% of total hemoglobin forms O2

.- (Free Radical Vet Paper). 
 
Phagocytic cells attack and destroy invading organisms and cancer cells by consuming 
large amounts of oxygen in a process called the “respiratory burst.”  Of the oxygen 
consumed, 70-90% is converted into the superoxide anion, which readily forms 
H2O2.   
 
Cell membrane NADPH-oxidase is activated to produce O2

.- by: 
 Immunologic-coated bacteria 
 Immune complexes 
 Complement 5a 
 Leukotrienes  
 
In cultured mouse embryos, ethanol induces:  
 superoxide generation  
 
- H2O2 is involved in any metabolic pathway which utilizes oxidases, peroxidases, 
cyclo-oxygenases, lipoxygenases, myeloperoxidase, catalase, etc. In some it is 
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generated and in others, it is destroyed. 
 
H2O2 is the most common oxidant in vivo. 
 
2.7.4 H2O2 and O2

.- Enzymatic Production 
 
 
Enzyme   Tissue   Location 
 
Monoamine oxidase  liver   mitochondrial outer membrane 
D-amino acid oxidase  kidney   peroxisome 
Glycolate oxidase  liver   peroxisome 
Fatty acyl-CoA oxidase liver   peroxisome 
L-Gulonolactone oxidase liver   microsomal 
Pyridoxamine-5’-phosphate liver   cytosol 
Diamine oxidase  placenta   
Thiol oxidase   kidney   plasma 
Urate oxidase   liver   peroxisome 
Xanthine oxidase  milk    
Sulfite oxidase   liver   mitochondria 
Xanthine oxidase  neutrophil  specific granules 
Aldehyde oxidase   
 
2.7.5 Superoxide is Produced Enzymatically By 
 - NADPH oxidases (phagocytosis) 
 - Mitochondrial cytochrome c oxidase (cell respiration) 
 - Liver Cytochrome P 450 (oxidation of xenobiotics) 
 - Xanthine oxidase (ischemic reperfusion) 
 - Prostaglandin synthetase  
 - Lipoxygenase 
 - Aldehyde oxidase 
 - Amino acid oxidase 
 - Myeloperoxidase (uses H2O2 to oxidize chloride ions to form HOCl) 
 
Superoxide anion is generated at the ubiquinone site in complex III, where it acts as 
a prooxidant.  
 
O2

.- that exits from, or is produced outside of, vascular cells can be converted by 
extracellular SOD (ECSOD) to H2O2.  In addition, O2

.- produced within the cell is 
converted by Cu/Zn SOD and Mn SOD to H2 O2 
 
Most superoxide is rapidly converted to hydrogen peroxide and very little 
superoxide anion, per se, actually exists.   
 
At a 5% leak of O2

.-, an average adult would produce more than his entire body 
weight in O2

.- in 6 years. 
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Please keep in mind that O2

.-, in aqueous solutions, is a reductant, not an oxidant.  In 
fact, an ideal place for O2

.- to give up its spare electron is to lose it to iron. 
An enzyme, NADPH oxidase, is found on the surfaces of macrophages and neutrophils 
and is stimulated by invading pathogens to produce O2

.-. 
 
One out of every 20 of the 02 molecules or 5% of the O2 passing along the electron 
transport chain is converted into O2

.- and this occurs when one of the electron 
carriers, called Coenzyme Q, passes the electron to O2 instead of the next electron 
carrier.   
 
It has been estimated that an individual produces approximately 1 kg of oxygen radicals 
per year, the consequence of which is approximately 100,000 oxidative “attacks” on 
mitochondrial DNA per cell each day.  
 
Humans consume ~250 g of oxygen every day, and of this ~3-5% is converted to O2

.- 
and other reactive species.  
 
2.7.6 Copper Containing Oxidases that Produce H2O2
 Cytochrome oxidase 
 Laccase 
 Ferroxidase I  
 
 2)  cytochrome P-450, cytochrome B5 and Xanthine oxidase which produce  
  superoxides;  
 3)  oxidases for fatty acids, urate, L-pipecolic acid, D-amino acids, alcohols,  
  polyamines, a-hydroxy acids and cholestanoic acid which produce H2O2;    
 
It was experimentally proven that high doses of beta-carotene produced superoxide 
radicals. 
 
Autoxidation produces superoxide anion (O2

.-): 
 
Some of the molecules that undergo autoxidation are the following:   
 catecholamines,  
 hemoglobin,  
 myoglobin,  
 reduced cytochrome C  
 Thiol 
 Cu+ 
 Fe++ 
 Epinephrine 
 glutathione   
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Autoxidation of any of these molecules results in RONS, primarily superoxide.   
 
Chance et al. estimate that rat liver microsomes produce: 
 6 to 15 nmol H2O2  
 and 2 to 10 nmol O2

.- per min/mg protein, primarily from autooxidation of  
  reduced cytochromes c and P-450. 
 
The hepatocytes steady state H2O2 concentration can be up to 25 µM. 
 
NADPH-oxidase is the main source of superoxide radicals in human phagocytes, 
producing up to 15 fmol per cell per minute for the explicit purpose of destroying 
the biological activity of foreign organisms.   
 
- Based on O2

.- generation in vitro in the mitochondria and microsomes of rat lungs and 
livers, the formation rate of ROS is estimated to be 50 nmol/g of tissue per min or 
about 1011 radicals/cell/day (Free Radicals in Aging, Yu). 
 
 
2.7.7 H2O2 Production
3.24 x 109  H2O2/cell - hr 
Cellular fraction 
 Mitochondria - 13.6% 
 Microsomes - 47.7% 
 Peroxisomes - 34.1% 
 Supernatant - 4.6% 
 
H2O2 Production 
8.1% of total O2 consumed 
 (liver cell) 
5.3% of total O2 consumed 
 (-peroxisomes) 
 
Peroxisomes are now found to be present in virtually all eukaryotic cells (except 
mature red blood cells). 
 
(O2

.-), is the stoichiometric precursor of H2O2.  The amount of H2O2 produced by 
brain mitochondria is up to 5% of the amount of O2 consumed. 
 
H2O2 is also generated by: 
 Arachidonic acid-metabolizing enzymes  
 Xanthine oxidase  
 Nitric oxide synthase  
 Cytochrome P450  
 as well as in the cellular response to ultraviolet radiation. 
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Many cells types produce H2O2 in response to a variety of extracellular stimuli 
including : 
 Cytokines  
 Neurotransmitters  
 Peptide growth factors  
 Hormones  
 and phorbol myristate acetate (PMA).   
 
Peroxisomes account for a large fraction of total cellular H2O2 production.  
H2O2-generating enzymes including:  
 glycollate oxidase  
 D-amino acid oxidase  
 urate oxidase 
 L-a-hydroxylases oxidase  
 and fatty acyl-CoA oxidase.   
 
Cytochrome P450 and b5 enzymes oxidize unsaturated fatty acids and xenobiotics and, in 
the process, generate O2

.- and/or H2O2.   
 
Other cytoplasmic sources of oxidants include:  
 soluble enzymes such as xanthine oxidase  
 aldehyde oxidase  
 and lipoprotein dehydrogenase that can generate RONS during catalytic  
  cycling.   
 
Focusing on isolated mitochondria, and considering the succinate dehydrogenase-
ubiquinone segment as the most important source of ROS (60-80%), then the rate of 
RONS production is modulated by the steady-state concentrations of 
ubisemiquinone and oxygen. 
 
Hyperoxia and hyperbaric oxygen enhance hydrogen peroxide generation at the 
subcellular and cellular levels at different extents (60 to 200%).   
 
Environmental oxidants that increase EMOD production, such as:   
 ultraviolet  
 ionizing radiation  
 heavy metals  
 redox active chemicals   
 anoxia  
 and hyperoxia. 
 
Monoamine oxidase (MOA), located on the cytoplasmic face of the outer 
mitochondrial membrane, represents another source of H2O2 that can lead to 
apoptosis. 
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Humans have shown an increase in oxygen free radical production with acute 
exercise.  
  
The major sites of EMOD production in the muscle, inside the cells, are:   
 Mitochondria  
 Sarcolemma  
 Lysosomes  
 and activation of neutrophils. 
 
H2O2 is the mediator of the eNOS up-regulation. 
 
Several agonists increase H2O2 generation by epithelial cells, including: 
 Cytokines (TNFa, IL1 and Fas ligand)  
 Cytotoxic agents  
 Ionizing radiation  
 and infections (e.g., HIV or bacteria). 
 
H2O2 levels are increased within the cell in response to growth factors and act as an 
intracellular messenger (Rhee, S.G., et al Hydrogen peroxide:  a key messenger that 
modulates protein phosphorylation through cysteine oxidation.  Signal Transduct. Knowl. 
Environ. 53:  1-6, 2000).  Low levels of H2O2 produced by the mitochondria regulate 
physiological processes, including cell proliferation, while high levels of H2O2 are toxic 
to the cell and cause apoptosis. 
 
H2O2 is now recognized as a ubiquitous intracellular messenger under subtoxic 
conditions.  
 
H2O2 itself is a mild oxidant and is relatively inert to most biomolecules.  
 
.OH can also convert themselves back into water by pulling off hydrogen atoms 
(hydrogen atom abstraction) from a biological molecule, as happens in lipid 
peroxidation.  They can also combine with themselves and form H2O2.  
 
To me, it seems likely that harmful hydroxyl radicals which are produced at a finite 
or specific cellular locus would have a tendency to react with other hydroxyl 
radicals (since they are being generated from the same locus) to produce beneficial 
hydrogen peroxide.        .OH + .OH H-O-O-H 
 
Unwanted D-amino acids are oxidized, and the electrons removed from them are used to 
reduce O2 to H2O2. 
 
In an inflammatory environment, H2O2 is produced by activated macrophages at an 
estimated rate of 2-6 X 10-14 mol/h-1/cell-1 and can reach as high as 10-100 µM in the 
vicinity of these cells. 
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-5 µM H2O2 is non-toxic (O2 Paradox, page 574). 
Autoxidation of epinephrine and glutathione generate O2

.- and H2O2.   
 
-Sugars, glucose, mannose and deoxy sugars auto-oxidize to produce H2O2 (Lam).  
 
-H2O2 production is 8.1% total O2 consumed (liver cell) mitochondria. 
-H2O2 production is 5.3% total O2 consumed (liver cell) peroxisomes. 
-Thus, a total of 13.4% H2O2 production in liver cell (Oxygen Paradox, page 93). 
 
Peroxisomal oxidation of fatty acids has been recognized as an important source of H2O2 
with prolonged starvation.   
 
Lipids with unsaturated double bonds can act as a trap for singlet oxygen and can 
also produce RONS, including 1O2. 
 
The rheumatoid joint is a site of intense oxidative stress, for reasons unknown, large 
numbers of macrophages and neutrophils are present, releasing O2

.- , H2O2, HOCl, 
.NO.  
 
The hallmark of ARDS is an accumulation of large numbers of neutrophils in the 
lung, where they are thought to become activated and produce O2

.- , H2O2 and 
HOCl.   
 
2.7.8 Superoxide Dismutase 
 
Superoxide can be nonenzymatically converted into H2O2and 1O2. 
 
70-90% of O2 uptake during the respiratory burst goes to O2

.- formation but this 
goes to produce singlet oxygen.  Shift of oxygen to this system reduces electron 
transport and lactic acid accumulates and is transported to the lysosome.  Acid pH aids 
in the production of singlet oxygen.   However, the respiratory burst within the 
phagocytic vacuoles is accompanied by a surge in the intra-vacuolar pH—from 6 to 
nearly 8. A large influx of potassium ions through the vacuolar membrane occurs and 
offsets the anionic charge. That happens in spite of the release of predominantly acidic 
granular contents since protons are consumed in neutralizing the excess of basic 
superoxide ions and other radicals. (Di A, Krupa B, Bindokas VP, et al. Quantal release 
of free radicals during exocytosis of phagosomes. Nature Cell Biol. 2002;4:279- 285). 
 
Superoxide anion and hydrogen peroxide are constantly being produced by: 
 Mitochondrial respiratory chain 
 Electron transport chain 
  Endoplasmic reticulum 
  Nuclear membranes 
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Superoxide in aqueous media undergoes a spontaneous second order reaction with 
itself, a dismutation reaction that yields one molecule each of H2O2 and oxygen in a 
relatively slow reaction at pH 7.4 (the second order rate constant is of the order of 10 to 
the 4.5th power), when compared with the rate at which superoxide or HO2.- can abstract 
an H-atom from such key biological targets as catecholamines or the allylic CH in lipid 
where the second order rate constant exceeds 107 .  
 
Although the dismutation would be spontaneous at physiological pH at high superoxide 
concentrations, the concentration of superoxide approaches 10 µM (physiological) as 
the self reaction slows down considerably and its lifetime becomes extended by many 
seconds.  Consequently, nature has evolved a class of superoxide dismutase (SOD2), 
enzymes to remove this potentially deleterious free radical byproduct of oxygen 
metabolism.  These enzymes can react rapidly with superoxide (rates approaching or 
exceeding 109 power) and dismutate the radical to the nonradical products, O2 and 
H2O2, faster than superoxide can react with other potential biological targets.  The 
short half-life should not be misinterpreted as mitigating the potential reactivity of O2

.- 
because the half-life is actually quite long in relation to the phenomenal diffusion 
coefficient of the radical.  Given that superoxide can interact with a variety of biological 
target molecules, the reaction with the enzyme literally can shunt the superoxide 
production into H2O2 and oxygen.   
 
2.7.9 SOD Increases H2O2
 
Thus, theoretically, in vivo, the presence of highly active SOD enzymes will 
lead to an increase in the local concentration of H2O2.   
 
The foregoing collection of data presents an overwhelming number of ways in which O2

.- 
is produced in the cell.  Surely, not all of these are the result of evolutionary mistakes and 
it seems plausible to me that even enzymes, such as superoxide dismutase, may have 
evolved to more efficiently produce H2O2.   
 
Basically, all cells continuously form O2

.- and submitochondrial particles generate 
O2

.- at a rate of 4-7 nmol/min-1/mg protein-1 (Chance, B., Sies, H. and Boveris, A. 
Hydroperoxide metabolism in mammalian organs.  Physiol Rev 59: 527-605, 1979). 
 
Again, I feel that this is a most important aspect of superoxide chemistry, in that it 
provides an adequate and continual supply of life-sustaining hydrogen peroxide.  
This also means that it can be viewed as a prooxidant enzyme and not an 
antioxidant enzyme.  I feel that my take on this position is bolstered by the fact that 
nature has developed the peroxisome expressly for the purpose of hydrogen peroxide 
production (during fatty acid oxidation).  Hydrogen peroxide is a non-radical and is 
readily diffusible throughout the cell.  In fact, I look at the production of superoxide 
anion as an innate pathway for hydrogen peroxide production, which allows for an 
adequate source of singlet oxygen production following reaction with hypochlorous acid 
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or otherwise.   
 
Some authors say that since all three EMODs (e.g., O2

.-, H2O2 and .OH), can interact 
and can be formed from each other; they can be considered to be equally dangerous.  
Thus, they could work together and create “an insidious catalytic system.”  I believe 
that this is more scare tactics of the oxy-morons.  If this is true, let’s all gather hands 
and go and jump off of the nearest high bridge because life is going to be “a living Hell.”   
 
This is more Free Radi-Crap nonsense.  As mentioned previously, it takes enormous 
volumes of O2 and RONS to keep us going.  Shockingly, a 70 kilogram/154 lb. adult with 
a 1% “leak” would produce annually 1.7 kilograms of O2

.- (presumably and/or H2O2 or 
.OH) and a 5% leak would generate an astonishing 8.5 kilograms of O2

.- in a year.  In 
other words, at a 5% leak of O2

.-, an average adult would produce more than his 
entire body weight in O2

.- in 6 years.   If he lived to be a healthy 83 year old, he would 
have produced over 10 times his body weight in oxygen free radicals (705 kg of O2

.-) 
and many individuals appear to do this and are just fine.  So, I ask my question again, 
“How toxic are RONS?”  They do not sound very toxic to me. 
 
2.7.10 Hydroxyl Radical Production 
 
Nick Lane states that it is likely that both iron and H2O2 are present at steady-state 
concentrations of about 10-6 gm/kg body weight.  He then uses Avogadro’s number 
(6.023 X 1023 molecules in one mole of any substance)  and calculates that we produce 
about 50 .OH radicals in each cell every second or that in a day, each cell generates 
4 million .OH radicals.  Thus, in the average body of 100 trillion cells (figures vary), 
we would produce 4 X 1017 .OH radicals per day.  Again, I ask “How toxic are 
RONS?”  (Oxygen:  The molecule that made the world.  Nick Lane, Oxford University 
Press, 2002).  Lane goes on to refer to James Lovelock who estimated that “the damage 
done by breathing for 1 year is equal to a whole-body radiation dose of 1 sievert (or 1 
joule energy per kilogram) and would be 10,000 times more dangerous than a chest x-ray 
(50 micro-sieverts of radiation) and 50 times as dangerous as all the radiation that we 
normally receive from all sources in the course of an entire lifetime.”  I believe that 
“something is drastically wrong with this picture.”  It does not make sense.  I believe that 
the process of everyday life refutes the theory of free radical damage, as proposed by Dr. 
Harman.   
 
Proteolysis (protein breakdown) is enhanced by 20-400 µM H2O2, whereas millimolar 
concentrations inhibit proteolysis and may lead to the intracellular accumulation of 
oxidized proteins.  As usual, the effects of H2O2 are concentration dependent. 
 
A D-amino acid oxidase enzyme generates peroxide.  The unwanted D-amino acids are 
oxidized, and the electrons removed from them are used to reduce O2 to H2O2 
 
When xanthine oxidase acts upon xanthine and hypoxanthine both O2

.- and H2O2 
are generated.   
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It is frequently pointed out that H2O2 will react with iron to produce the 
.OH radical but curiously, it does not react with the iron contained in 
the heme proteins such as catalase, hemoglobin or NADPH oxidase. 
 
2.7.11 Miscellaneous H2O2 and O2

.- Facts 
Superoxide in the neutrophil can also serve as a source of singlet oxygen as follows: 
 
 H+ + HO.2 + O2.-  H2O2 + 1O2 
 
This example of spontaneous dismutation to produce 1O2 has been proven by Khan 
(Khan, A.U.  J Am Chem Soc 1981; 103, 6516-6517). 
 
H2O2 is also produced by gamma-glutamyl transpeptidase (GGT) and serves to protect 
U937 cells from apoptosis and stimulates proliferation. 
 
-O2 itself does not absorb UV light.  Skin photosensitizers absorb UV and pass the 
energy to O2 to form 1O2. 
 
-Sunlight (UV light) is absorbed by surface waters and transient oxidants are formed such 
as .OH, O2

.- and 1O2.  These species can degrade (oxidize) organic substances, i.e., 
phenols, polyaromatic hydrocarbons (PAHs) and pesticides. 
 
The primary photosensitizers in cells are: 
  Flavines 
  Porphyrins 
  Chlorophylls 
  Quinones 
  Bilirubin 
  Retinal 
  Furocoumarins 
 
-All organic material is photodegradable at certain UV wavelengths and UV 100-280 
nm destroys nearly all organics with ROS and 1O2 and yields volatized CO2 and 
H2O. 
 
 1)  Dismutation of O2

.-

  HO2
.  +  O2

.-  +  H+    1O2  +  H2O2
 
 
Autoxidation of many molecules results in EMODs, primarily superoxide.  Copper or 
ferrous ions (Fe II) can also autoxidize to produce superoxide and ferric (Fe III) iron. 
 
Strenuous exercise has been proposed to activate xanthine oxidase-catalyzed reactions 
and generate EMODs in skeletal muscle and myocardium.  
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The mitochondria are one of the main sites of superoxide production and can be 
enhanced by increasing the O2 concentration or when the respiratory chain becomes 
fully reduced as happens in ischemia.   
 
Microsomes are responsible for 80% of the H2O2 produced in vivo at 100% hyperoxia 
sites.  Peroxisomes produce H2O2 but not O2

.- , under physiological conditions.   
Peroxisomes are primarily in the liver but other organs contain them.  Peroxisomal 
oxidation of fatty acids has been recognized as an important source of H2O2 with 
prolonged starvation.  This may be involved in increased longevity with caloric 
restriction. 
 
Phagocytic cells attack and destroy invading organisms and cancer cells by consuming 
large amounts of oxygen in a process called the “respiratory burst.”  Of the oxygen 
consumed, 70-90% is converted into the superoxide anion, which readily forms 
H2O2.   
 
This respiratory burst is initiated by the activation of NADPH-oxidase by exposure 
to:  immunoglobulin-coated bacteria,  
 immune complexes,  
 complement 5a,  
 or leukotrienes. 
 
The heme-containing protein complex, NADPH oxidase, can produce large amounts of 
O2

.- and its derivative upon activation.  In an inflammatory environment, H2O2 is 
produced by activated macrophages at an estimated rate of 2-6 X 10-14 mol/h-1/cell-1 and 
can reach as high as 10-100 µM in the vicinity of these cells 
 
Potential cellular sources of O2

.- in blood vessels include infiltrating phagocytic cells, 
which contain the high-capacity O2

.- generating flavoenzyme NADPH oxidase, as well as 
vascular endothelial cells, smooth muscle cells (SMC) and fibroblasts. 
 
Nonphagocytic NAD(P)H oxidase is a major source of EMODs in cultured vascular 
cells. 
 
Xanthine oxidase, nitric oxide synthase, cytochrome P-450 and the mitochondrial 
electron transport chain may be important sources of EMODs. 
 
Peroxidases, besides their main function in H2O2 elimination, can also catalyze O2

.- and 
H2O2 formation.  
 
Surface water concentrations of H2O2 have been found to vary between 51-231 
mg/L, increasing both with exposure to sunlight and the presence of dissolved 
organic matter 
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Endogenous hydrogen peroxide has been found in plant tissues at the following levels 
(mg/kg frozen weight): 

  Potato tubers, 7.6 

 Green tomatoes, 3.5 

 Red tomatoes, 3.5 

 Castor beans in water, 4.7 (IARC, 1985) 

Reportedly, the best way to get H2O2 from your fruits is to use a juicer and drink the juice 
within 10 minutes before the H2O2 auto-oxidizes such as with carrots.  Cranberry juice is 
said to be loaded with H2O2 as is the tops of beets and watermelon.  Uncooked vegetables 
and fruits contain natural H2O2 and cooking breaks it down.  This is likely one of the 
major factors which is responsible for the frequent articles recommending a high intake 
of fresh fruits and vegetables.  The colostrum of mother’s milk is high in H2O2, which 
is thought to activate the newborn’s immune system and protect the undeveloped 
immune protective system of the baby.  Perhaps this is a corollary to the formation of 
bactericidal amounts of H2O2 when glucose is oxidized in the presence of penicillium 
notatum (General Biochemistry, Fruton & Simmonds 577.1 F944 p. 339). 
 
Gaseous H2O2 is recognized to be a key component and product of the earth’s lower 
atmospheric photochemical reactions, in both clean and polluted atmospheres.  Under 
severe smog conditions, daytime levels of H2O2 as high as 0.18 ppm have been reported, 
 
H2O2 is normally present in the aqueous humor of the eye and is thought to be a major 
oxidant in the formation of cataracts 
 
H2O2 has been detected in the human breath at levels ranging from 1.0 ug/L to 0.34 
ug/L (IARC, 1985), and even in the breath of babies.   

H2O2 has been detected in serum and in intact liver (IARC, 1985). 

H2O2 as a human food additive is generally regarded as safe and may be used as a 
component of articles for use in packaging, handling, transporting or holding food in  
accordance with prescribed conditions [FDA 21 CFR 175.105 (4/1/93)]. 

H2O2 has been used on fresh fruits and vegetables for decades. It has been used in 
dentistry and oral hygiene for decade upon decade.  It has been used on wounds for three 
quarters of a century on millions and millions of wounds.  All of these umpteen 
examples of H2O2 application and ingestion have been essentially without adverse 
effects. 
 
All white cells are capable of phagocytosis, except for lymphocytes, which utilize 
antibody production for protective defensive mechanisms. 
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Many common bacterial pathogens multiply extracellularly and are cleared by 
antibodies, which are now known to proceed via hydrogen peroxide, singlet oxygen 
and ozone. 
 
PMNs plasma membrane contains NADPH oxidase bound to the extracellular surface, 
which faces the lumen of the phagosome after phagocytosis of bacteria, and catalyzes 
formation of RONS (superoxide, hydrogen peroxide, hypochlorous acid), within the 
phagosome of neutrophils. 
 
Eosinophils produce free radicals facilitating access of EMODs (e.g., superoxide, and 
hydrogen peroxide) to kill the parasite. 
 
Concentrations of up to 250 µM H2O2 could be generated every minute 
within the brain neutrophil.  The rate of O2 consumption is roughly 10-
fold higher in neurons than in glia. 
 
In brain tissue, H2O2 levels are regulated largely by the intracellular enzyme, 
glutathione (GSH) peroxidase, and by endogenous catalase in peroxisomes. 
 
Cellular antioxidant regulation does not completely remove endogenously generated 
H2O2.  Rather these processes appear to permit levels of H2O2 that are sufficient to 
exert modulatory actions.   
 
Activated phagocytes can produce as much as 47 nmol of H2O2/106 cells within 30 
minutes corresponding to a concentration of 47 µM H2O2 in a diluted volume of 1 
ml.  
 
200 µM H2O2  is a level seen during activation of phagocytes in vitro.  The 
diabetogenic compound alloxan is known to generate H2O2 and free radicals.  
 
The rapid dismutation of O2

.- to H2O2 is (spontaneous, 105 [mol/L]-1  · s-1, SOD-
catalyzed, 109 [mol/L]-1 ⋅ s-1). 
 
The generation of H2O2 and O2 (1∆g) by the direct interaction of two molecules of O2

.- is 
summarized: 
 
 O2

.-  +  O2
.-  +  2H+    H2O2  +  O2(1∆g)  

 
 
Catalase requires high concentrations of H2O2 to be effective.  GSH-Px takes over at 
low H2O2 concentrations. 
 
-1012 O2 molecules are consumed everyday. 
 
(O2

.-), is the stoichiometric precursor of H2O2.  The amount of H2O2 produced by 
brain mitochondria is up to 5% of the amount of O2 consumed. 
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Given that the rate of O2 consumption in gray matter is 2-5 µmol/g tissue wet weight per 
minute; or 2-5mM (assuming 1 g = 1 mL), this would mean that concentrations of up to 
250 µM H2O2 could be generated every minute within brain neutrophils.  Because 
the rate of O2 consumption is roughly 10-fold higher in neurons than in glia, 
however, this H2O2 would be produced predominantly in the neuronal compartment, 
which could lead to higher, intra-neuronal concentrations.  Moreover, the presence of 
mitochondria within 250 nm of the synapse in DA (dopamine) terminals suggests that 
even higher levels could be reached in the restricted, intracellular compartment of a 
synaptic terminal.  It is relevant to note, however, that such local increases are likely to 
be transient because H2O2 is membrane permeable and thus can readily leave the 
compartment in which it is produced.  DA is involved in epinephrine synthesis. 
 
In addition to mitochondrial sources, H2O2 will also be produced in DA terminals by 
monoamine oxidase (MAO), which is a metabolizing enzyme for DA.  Importantly, 
MAO is localized on the outer membrane of mitochondria, which would further 
enhance H2O2 concentrations near DA synapses. DA transmits nerve impulses. 
 
In brain tissue, H2O2 levels are regulated largely by the intracellular enzyme, 
glutathione (GSH-Px) peroxidase, and by endogenous catalase in peroxisomes.  
Catalase is present in trace quantities in brain and is localized in peroxisomes, which in 
the brain are referred to as “microperoxisomes.”  In contrast to glutathione peroxidase 
and catalase, which exhibit relatively low enzymatic activity in brain, superoxide 
dismutase is relatively abundant (Sies, H.  Oxidative Stress.  Academic Press 1985; 
388).  This indicates to me that high levels of hydrogen peroxide are generated and 
needed within the brain. 
 
The expression of the H2O2-inactivating enzymes catalase and glutathione 
peroxidase in rat pancreatic islets is twenty times lower than in the liver 
 
Moreover, it has recently been shown that H2O2:  
 increases intracellular Ca2+  
 decreases the ATP/ADP ratio  
 and inhibits glucose-stimulated insulin secretion from isolated mouse islets 
 
200 µM H2O2 which is a level seen during activation of phagocytes in vitro.  The 
diabetogenic compound alloxan is known to generate H2O2 and free radicals 
 
-5 µM H2O2 is non-toxic (O2 Paradox, page 574). 
 
- Antimycin A (a site 2 inhibitor) increases H2O2 generation and utilizes almost all 
O2 consumed to produce H2O2; whereas, rotenone (a site 1 inhibitor) reduces H2O2 
production.  
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- Any mitochondrial substrate incorporated in the respiratory chain through NADH 
or ubiquinone, will generate H2O2.  Thus, H2O2 generation is a physiologic event 
under aerobic conditions. 
 
- The main sites for H2O2 and O2

.- production are the : 
 1) NADH-ubiquinone-reductase (complex I) 
 2) ubiquinol-cytochrome c-reductase (complex III) 
 Both have ubiquinone as a common component, and act as prooxidants. 
 
-  Insulin stimulates H2O2 production in fat cells and H2O2 acts as a secondary 
messenger for insulin.  .OH mediates the induction of diabetes in mice by alloxan. 
 
- H2O2 autoxidizes oxyhemoglobin to form methemoglobin to produce O2

.-.  
 
-H2O2 inactivates SOD. 
 
-H2O2 consequences: 
  1)  hexose monophosphate shunt activation 
  2)  glutathione redox cycle activation 
  3)  oxidation of intracellular sulfhydryls 
  4)  decreased intracellular ATP 
  5)  DNA damage 
  6)  loss of NAD+

  7)  Poly (ADP-ribose) polymerase activation 
  8)  increased free Ca++

  9)  cytoskeleton alterations 
 10)  plasma membrane alterations 
 11)  inhibition of glycolysis 
 
-H2O2 and O2

.- are in steady state in pico and nano molar range and H2O2 
concentration can be as high as 25 µM. 
 
I feel that it needs to be pointed out that ultrasonic waves has been shown to 
generate EMODs, such as O2

.- and 1O2, upon ultrasonic irradiation of sensitizers 
(e.g., porphyrins, chlorins, methylene-blue, fluorescein, acridine derivatives, 
rhodamines and tetracyclines). 
 
-During the respiratory burst, 70-90% of the O2    O2

.-  (Barbior, B.M., 1978). 
 
-Influenza virus infection leads to O2

.- production by lung epithelial cells, partly due to 
increased activity of O2 generating xanthine oxidase.   
 
- O2

.- can be formed enzymatically by flavoprotein dehdydrogenases and more 
importantly non-enzymatically by autoxidation of ferridoxins, hydroquinones, thiols and 
reduced hemoproteins ( Fridovich).  
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-The stationary stage concentration of O2
.- is maintained by SOD at 10-11 M in cytosol 

and 10-10 M in mitochondrial matrix. 
 
- Sugars, such as glucose, mannose and deoxy sugars autoxidize to produce H2O2. 
 
- Neither O2

.- nor H2O2 can directly react with DNA but both can be reduced in the 
Fenton reaction and produce .OH. 
 
Type II pneumocytes, alveolar macrophages and endothelial cells produce H2O2. 
 
-Oxyhemoglobin slowly releases O2

.- to form methemoglobin, which can not bind and 
transport O2.  This occurs in 1 in 1000 cycles of O2 binding and release but it is estimated 
that 3% of hemoglobin releases O2

.-   RMH Note:  This represents another huge 
source of O2

.- , H2O2 and 1O2. 
 
Cells, other than neutrophils, which generate RONS include: 
 Colonic epithelia   
 Smooth muscle  
 Fibroblasts  
 Osteocytes  
 Endothelial cells  
 Keratinocytes  
 Chondrocytes  
 Adipocytes  
 and a variety of cancer cells 
 
EMODs are generated in response to signals such as: 
 growth factors (Platelet Derived Growth Factor) 
 cytokines (Tumor Necrosis Factor, Interferon-gamma) 
 

Duox 1 & 2 serve as a source of H2O2 that is utilized by thyroid peroxidase to carry 
out iodination of thyroglobulin, one of the steps in thyroid hormone biosynthesis.   
Many human cancer cells overproduce hydrogen peroxide.   
 
-O2

.- inactivates catalase and glutathione peroxidase and epinephrine oxidation. (RMH 
Note:  Thus, O2

.- blocks the breakdown of H2O2.) 
 
-O2

.- at physiological pH has a pK of 4.8 and it can readily pass through membranes 
on the anion channels. 
 
- It has been shown that the one-electron transfer to coenzyme Q is the major source 
of O2

.-. 
- The major source of oxygen-derived radicals (O2

.-) is the electron transport chain 
located in the inner membrane of mitochondria and from flavin-linked enzymes in 
the endoplasmic reticulum of liver and kidney.  Any compound with quinone-type 
structure is suspect as a source of superoxide radical anion. 
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There are cytoplasmic increases of H2O2 upon growth factor receptor stimulation. 
 
H2O2 serves as its own reductant (and oxidant) during dismutation.  
 
EMODs play roles including:  
 Hypoxic signaling  
 Physiological redox signaling  
 Adaptive signaling  
 Apoptotic signaling  
 and ultimately necrosis. 
 
Considering the inhibition of cytochrome c oxidase as a mechanism to generate 
H2O2 implies that the production of this molecule is coupled to ATP production. 
 
Hyperlipidemia drugs (e.g., ciprofibrate and elofibrate) results in the proliferation 
of peroxisomes, an increase in the activity of oxidases and the excessive production 
of H2O2.   (RMH Note:  this argues that hydrogen peroxide acts to help cure 
arteriosclerosis). 
 
A variety of cell types including macrophages, endothelial cells and neurons produce 
and release superoxide (O2

.-) and nitric oxide (NO.).  
 
High levels (up to 0.5 nmol/hr/104 cells) of hydrogen peroxide are constitutively 
released from a wide range of human tumor cells.  
 
Estimates of subcellular sources of H2O2 are as follows: 
 
 Endoplasmic reticulum (mixed function oxidations)  45% 
 Peroxisomes (metal-catalyzed oxidations)   35% 
 Mitochondria (oxidative phosphorylation)   15% 
 Cytosol (xanthine oxidation)      5% 

 
 
To date, Catalase and GPx have been viewed as the major enzymes responsible for 
removal of cytotoxic H2O2.  However, catalase is largely or entirely located in 
peroxisomes and GPx is present mainly in mitochondria and nuclei.  The fact that 
GPx is located in the nucleus indicates the nuclear presence of H2O2; otherwise, why 
would GPx be there? 
 
Stimulation of rat vascular smooth muscle cells (VSMCs) by PDGF transiently increased 
the intracellular concentration of H2O2. 
 
From the knowledge that 8-OH-dG is only one of many oxidized products formed 
and that about 6.4 x 1010 oxygen radicals are estimated to be produced per rat cell 
each day, they calculated that one oxidized DNA residue is produced for every 7.6 x 
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105 oxygen radicals generated, or about 9 x 104 oxidized DNA bases are formed per 
cell per day.  
 
H2O2 is known to: 
 induce transcription factor activation  
 modulate K+ channels expressed in Xenopus oocytes   
 regulate Ca2+ signaling  
 induce Ca2+ influx by directly activating Ca2+ channels on the plasma   
  membrane 
 stimulate protein phosphorylation 
 
H2O2 production during glucose autoxidation is low, but measurable. 
 
The limited reactivity with many biological molecules and the low 
intracellular concentrations of O2

.- and H2O2 (10 pM and 1-100 nM, 
respectively) have raised questions about their toxicity per se in vivo.  I 
have repeatedly questioned their reputed toxicity throughout my 
research. 
 
Exposure of lung cells, subcellular organelles and tissue to hyperoxia (100% O2) 
increases mitochondrial H2O2 production 10- to 15-fold (Turrens, JF, Freeman BA, 
Crapo JD.  Hyperoxia increases H2O2 release by lung mitochondria and 
microsomes.  Arch Biochem Biophys 217:411-421, 1982).  Thus, it appears to me that 
both hypoxemia and hyperoxia can result in increased production of EMODs. 
 
Several studies indicate that xanthine oxidase is released from the liver and the intestine 
into the circulation and it binds to pulmonary epithelium, where it serves as a locus for 
the intense production of EMODs (Weinboum, A, Nielsen, VG, Tan S, Gelman S, 
Matalon S, et al. Liver ischemia-reperfusion increases pulmonary permeability in rat:  
role of circulating xanthine oxidase.  Am J Physiol 268:G988-G996, 1995). 
 
Asbestos fibers can induce the formation of EMODs, as can silica and coal mine dust.  
Both chrysotile and crocidolite stimulate in vitro production of O2

.- by human 
alveolar macrophages. 
 
Several patho-physiological stimuli involved in CHF, such as angiotensin II, a-
adrenergic agonists, endothelin-1, tumor necrosis factor-α and cyclic stretch, can 
stimulate EMODs production by NADPH oxidases.   
 
EMODs modulate fibroblast proliferation and collagen synthesis, and are involved not 
only in MMP activation but also increased MMP expression.  EMODs influence 
extracellular matrix remodeling through the activation of matrix metalloproteinases 
(MMPs).  EMODs can modulate the activity of diverse intracellular signaling 
pathways and the activity of diverse intracellular signaling pathways and molecules 
(a mechanism commonly termed ‘redox signaling’). 
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At the molecular level, signaling in response to pro-atherogenic agents requires as well as 
causes generation of EMODs.  Proatherogenic agents comprise a large variety of 
molecules. It has been identified that cytokines, including tumor necrosis factor-γ 
(TNF-γ), interferon-γ (IFN-γ), interleukin-1,-6 (IL-1, IL-6), and angiotensin II (Ang 
II) stimulate intracellular generation of RONS. High levels of low-density 
lipoprotein (LDL), especially in the form of oxidized low-density lipoprotein (ox-
LDL), have also been shown to increase intracellular EMODs generation.   
 
2.8 10.5  Hydrogen Peroxide 
 
Hydrogen peroxide is produced by: 
 Sodium perborate 
 Glycerol oxidase 
 Lipoxygenase and 
 Glucose oxidases 
 
The research of Dr. Edward Carl Rosenow (1875-1966) led to the bacterial causes of 35 
diseases and he believed that the wastes and secretions of these microorganisms 
contributed to many degenerative diseases.  This approach was in agreement with other 
medical scientists such as Bechamp, Rife, Enderlein and Gaston Naessens.  Rosenow 
experimented with the use of hydrogen peroxide to kill these microorganisms. 
 
A study on synergism between tumor necrosis factor-alpha and H2O2, levels of cellular 
toxicity were found.  With PC12 tumor cells, TNF alpha toxicity was seen at >50 ng/ml, 
and that of H2O2 at > 150 microM, however, when together, sub-lethal levels (25 ng/ml 
TNF alpha and 30 microM H2O2) induced toxicity (Trembovler, V., Abu-Raya, S. and 
Shohami, E.  Synergism between tumor necrosis factor-alpha and H2O2 enhances cell 
damage in rat PC12 cells.  Neurosci Lett.  2003 Dec 19; 353(2):115-118).   
 
 The metabolism of glutathione by membrane gamma-glutamyl transpeptidase (GGT) 
has been recently recognized as a basal source of H2O2 in the extracellular space.  
Significant levels of GGT activity are expressed by malignant tumors and in melanoma 
cell lines they were found to correlate with the malignant behavior (J Cell Sci. Vol 113, 
Issue 15 2671-2678). 

2.8.1 HYDROGEN PEROXIDE: General Facts 

Superoxide (O2
.-) can undergo monovalent reduction to produce peroxide (O2

-2), an 
activated form of oxygen that carries a negative charge of -2. Usually peroxide is termed 
"hydrogen peroxide" (H2O2) since in biological systems the negative charge of -2 is 
neutralized by two protons (two hydrogen atoms, each with a positive charge). 
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Hydrogen peroxide is important in biological systems because it can pass readily 
through cell membranes and cannot be excluded from cells. Hydrogen peroxide i
actually necessary

s 
 for the function of many enzymes, and thus is required (like oxygen 

itself) for health. Hydrogen peroxide is not as reactive as a product it can form, the 

he respiratory burst could be also called the “superoxide surge”, 

 

pring waters of many healing shrines, most notably in Lourdes 
 France, Fatima in Portugal, and St. Anne's in Quebec but I do not have references to 
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54: 
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S 
 oxidation in 

ing aging), shouldn’t our life spans be getting progressively 
orter in a progressively polluted environment?”  To the contrary, our lifespans 

re steadily increasing. 

hydroxyl radical. 

T
which leads to the “peroxide spike.” 
 
Hydrogen peroxide was discovered in 1818 by L.J. Thenard.  The 3% solution is 
sometimes called ten volume strength, since one volume of it releases ten volumes of 
oxygen when it decomposes.  It has been used in nasal sprays, atomized, tooth gel, breath
drops and enemas.   We must never forget that we must inhale oxygen because it is the 
fundamental oxidant of life; without it, we die.  Reportedly, H2O2 is found in higher 
concentrations in natural s
in
substantiate these claims. 
 
2.8.2 Environmental Pollutants and EMODs 
 
The process that transduces the extracellular messages carried by the first messengers
such as hormones, growth factors, and neurotransmitters across plasma membranes into
the intracellular components is called “signal transduction or cell signaling.”   An 
important feature of the signal transduction mechanism is that the first messenger does 
not have to enter the cell and their biological effects are mediated inside the cell by 
second messenger molecules such as cAMP, cGMP, inositol 1,4,5-trisphosphate (Ins 
1,4,5-P3), nitric oxide and phosphatidylinositol 1,3,4,5-tetrakisphosphate (Ptdlns
1,3,4,5-P4).  H2O2 mimics the stimulatory effects of insulin on glucose transport and lipi
synthesis in adipocytes (May, F.M. and De Haen, C. (1979) the insulin-like effec
hydrogen peroxide on pathways of lipid synthesis in rat adipocytes. J. Biol. Chem. 2
9017-9021).  H2O2 is a small, diffusible and ubiquitous molecule that can be 
synthesized, as well as destroyed, rapidly in response to external stimuli and it
fulfills the prerequisites for an intracellular messenger.  This opposes the widely held 
belief that RONS serve only as harmful agents in the cell.  Even in the absence of 
extracellular stimulatory effects, superoxide anions are constantly produced by me
reactions in all aerobic organisms.  In addition, cells are subjected to irradiations (x-
rays, gamma-rays, ultraviolet light), inflammatory systems, metal-catalyzed 
oxidation systems, environmental pollutants, which inevitably generate more RON
(Stadtman, E.R., and Berlett, B.S. (1998) Reactive oxygen-mediated protein
aging and disease.  Drug Metabolism Reviews 30:  2005-2008).  Thus, I ask, “If the 
Free radi-Crap theory is valid (e.g., EMODs are causative of over 200 
pathophysiologies includ
sh
a
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2.8.3 The Term ROS (EMODs) 
 
The term ROS (EMODs) encompasses many species including: 

t oxygen 
nion radical 

.) 
 the ferryl radical (FeO
and the hydroxyl radical (OH.) 

e 
e 

ourse over which these responses occur.  Although I disagree with the use of the 

roliferating mammalian cells exhibit a broad spectrum of responses to oxidative stress, 

ery low levels of hydrogen peroxide, e.g., 3 to 15 microM, or 0.1 to 0.5 micromol/107 

e 

nd 
e preferentially expressed. After 18 h of H2O2 adaptation (including 

e 4-6 h of temporary growth arrest) cells exhibit maximal protection against 

, and if no more is added the 
ells will gradually de-adapt, so that by 36 h after the initial H2O2 stimulus they 

t 
de again. This state of permanent growth arrest has often been confused with 

ell death in toxicity studies relying solely on cell proliferation assays as measures of 
iability.  

- single
- the superoxide a
- H2O2
- lipid peroxides 
- nitric oxide (NO) 
- peroxynitrite (ONOO) 
- the thiyl peroxyl radical (RSOO

2+)-
- 
 
 
2.8.4 Cell H2O2 Reaction is Concentration Dependent 
 
The following abstract by K.J. Davies contains very important information relativ
to a cell’s response to varying concentrations of H2O2 and information of a tim
c
concept of “oxidative stress,” I applaud his assemblage of data for this paper. 
 
P
depending on the stress level encountered.  
 
V
cells, cause a significant mitogenic response, 25% to 45 % growth stimulation.  
 
Greater concentrations of H2O2, 120 to 150 microM, or 2 to 5 micromol/107 cells, 
cause a temporary growth arrest that appears to protect cells from excess energy us
and DNA damage. After 4-6 h of temporary growth arrest, many cells will exhibit up to 
a 40-fold transient adaptive response in which genes for oxidant protection a
damage repair ar
th
oxidative stress.  
 
The H2O2 originally added is metabolized within 30-40 min
c
have returned to their original level of H2O2 sensitivity.  
 
At H2O2 concentrations of 250 to 400 microM, or 9 to 14 micromol/107 cells, 
mammalian fibroblasts are not able to adapt but instead enter a permanently 
growth-arrested state in which they appear to perform most normal cell functions bu
never divi
c
v
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If the oxidative stress level (H2O2) is further increased to 0.5 to 1.0 mM H2O2, o
30 micromol/10

r 15 to 
poptosis 

ane potential, 
degradation/down-regulation of mitochondrial mRNAs and rRNAs, and 

r and mitochondrial DNA.  

trations of 5.0 to 10.0 mM, or 150 to 300 micromol/10  cells 
nd above, cell membranes disintegrate, proteins and nucleic acids denature, and 

n, 

 the 

999 
that are grown closer to physiological O2 concentrations, 

xhibit less oxidative damage, just as I believe that this is the situation in the 
b

because they regulate physiological 

S) in 
th 

his will lead to new therapeutic applications and 
terventions.  H2O2 will conform to this pattern of initial discovery, to be later 

st like cAMP, Ca  Ins 1,4,5-
3, and NO (Rhee, S.G. Redox signaling:  hydrogen peroxide as intracellular messenger.  

n , 53-59, June 1999).   

7 cells, apoptosis results. This oxidative stress-induced a
involves nuclear condensation, loss of mitochondrial transmembr

degradation/laddering of both nuclea
 
2.8.5 High H2O2 Concentrations 
 
At very high H2O2 concen 7

a
necrosis swiftly follows.  
 
Cultured cells grown in 20% oxygen are essentially preadapted or preselected to 
survive under conditions of oxidative stress. If cells are instead grown in 3% oxyge
much closer to physiological cellular levels, they are more sensitive to an oxidative 
challenge but exhibit far less accumulated oxidant damage. This broad spectrum of 
cellular responses to oxidant stress, depending on the amount of oxidant applied and
concentration of oxygen in the cell culture system, provides for a new paradigm of 
cellular oxidative stress responses (Davies KJ. The broad spectrum of responses to 
oxidants in proliferating cells: a new paradigm for oxidative stress. IUBMB Life. 1
Jul;48(1):41-7).  Cells 
e
living/ reathing cell. 
 
2.8.6 Low Levels of H2O2
 
Low levels of H2O2 are important to the cell 
processes such as: 
- receptor-mediated cell signaling pathways 
- normal cell proliferation and 
- transcription activation (Simon, H.U. et al Role of reactive oxygen species (RO
apoptosis function.  Apoptosis, 5: 415-418, 2000, Huang, R.P. et al, UV activates grow
factor receptors via reactive oxygen species.  J Cell Biol., 133:  211-220, 1996). 
Undoubtedly, I predict that H2O2 will be proven to be one of the most important 
cellular second messengers and t
in
followed by clinical application. 
 
Peroxide is becoming a recognized second messenger ju 2+,

P
Exp. a d Mol. Med., Vol. 31, No. 2
 
2.8.7 May Be a Weak Mutagen 
 
H2O2 may act as a “genotoxicant” or “epigenetic” agent in its role as a promoting agent. 
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However, although it can cause DNA damage, peroxide is at best a very weak mut
in mammalian cells (Takeuchi, T., Matsugo, S. and Morimoto, K. (1997) Mutagenicit
of oxidative DNA damage in Chinese hamster V79 cells.  Carcinogenesis, 18, 205
2055).   This is in contrast to the work of others who state that O

agen 
y 

1-
t 

d as a 

ydroxyguanine (8-OHG), which is also used as an index of oxidative damage to DNA 

ses, 
 

romotes tumor formation is still scarce (Huang, et al, Tumor promotion by hydrogen 

act on tumor growth and it must be kept in mind 
hat these studies were carried out using non-physiological levels of H2O2, which are 

or 
ese 

use 
oter 

 

2O2 is a common feature of tumor promoters such as TPA, TCDD, UV, OA, 

.  
s 

en 

2
.- and H2O2 do no

react with DNA bases at all (Dizdaroglu, M. (1993) In DNA and Free Radicals 
(Halliwell, B., and Aruoma, O.I. eds.), pp. 19-39, Ellis Horwood, Chichester.) OH. 
generates a variety of products from all four DNA bases and this pattern is use
diagnostic “fingerprint” of OH. attack (Halliwell, B. and Aruoma, O.I. (1991) FEBS 
Lett. 281, 9-19).  Singlet oxygen selectively attacks guanine to produce the 8-
h
and it can be measured as the nucleoside, 8-hydroxydeoxyguanosine (8-OHdG).   
 
In vitro, H2O2 can induce single-strand breaks in cellular DNA, oxidation of DNA ba
chromosomal aberrations and DNA-protein crosslinks.  This indicates that RONS are
involved in the redox state of the cell and are important mediators for many cellular 
functions.  In spite of the long speculation on the involvement of H2O2 in the tumor 
promotion process, current knowledge concerning the mechanism by which H2O2 
p
peroxide in rat liver epithelial cells.  Carcinogenesis, Vol. 20, No. 3, pp. 485-492, 1999). 
 
It has been postulated that tumor promotion by H2O2 is likely operating via “epigenetic” 
rather than “genotoxic” mechanisms.   I believe that this again indicates that it is not 
known where peroxide has an imp
t
known to have cytotoxic activity.  
 
2.8.8 Tumor Promotion by H2O2
 
The involvement of reactive oxygen species (EMODs), particularly H2O2, in the tum
promotion process is supported by both in vivo and in vitro studies. (RMH Note:  th
studies use non-physiological levels of peroxide).  H2O2 is capable of promoting 
neoplastic transformation in several two-stage transformation systems, including rat 
urothelial cells, murine myeloid progenitor cells, mouse epidermal cells and mo
embryo fibroblast. In vivo studies also suggest that H2O2 is a mouse skin tumor prom
(Mitchel, R.E., Morrison, D.P. and Gragtmans, N.J. (1987) Tumorigenesis and 
carcinogenesis in mouse skin treated with hyperthermia during stage I or stage II of
tumor promotion. Carcinogenesis, 8, 1875–1879).  The production of EMODs and 

  H
peroxisome proliferators, steroidal estrogens, phenobarbital, chlordane and aroclor. 
 
Disruption of functional gap junctions is evident in tumor promotion and carcinogenesis
H2O2 treatment, especially at a concentration of 200 µM, rapidly and transiently disrupt
GJC in T51B cells.  Collectively, these data indicate that the actions of H2O2 on tumor 
promotion, IE gene expression and GJC interruption are dependent on oxidative stress 
and antioxidants may be useful in chemoprevention.  Remember, antioxidants have be
shown not to prevent cancer.  The mechanisms responsible for tumor promotion by 
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H2O2 still remain unclear. H2O2 may act as a `genotoxicant' or `epigenetic' agent in
role as a promoting agent. I repeat, although H

 its 

lian cells (Takeuchi, T., Matsugo, S. and 
orimoto, K. (1997) Mutagenicity of oxidative DNA damage in Chinese hamster V79 

l forms of 

2O2 in the 
evelopment of cancer and the underlying mechanisms are not well defined.  It is 

e  hypoxia. 

the 

, 

; (ii) 
JC 

, 27136–
on, A.L. (1992) 

pidermal growth factor disrupts gap-junctional communication and induces 

ffect of 
. 

42).  
gain, this illustrates that attempts to verify the Free Radi-Crap theory falls flat on 

 be 

an 

dia need 

2O2 can cause DNA damage, it is, at 
best, a very weak mutagen in mamma  

M
cells. Carcinogenesis, 18, 2051–2055). 
 
Chronic infection/inflammation is implicated in the pathogenesis of severa
cancer, including hepatoma. It is well known that during inflammation, cells release 
reactive oxygen species, particularly H2O2. However, the role of H

 d
also w ll known that inflammation is associated with
 
2.8.9 Gap Junction Communications and EMODs 
 
Cell to cell communication via gap junctions is essential for the maintenance of 
homeostatic balance in multicellular organisms (Yamasaki, H. and Naus, C.C.G. 
(1996) Role of connexin genes in growth control. Carcinogenesis, 17, 1199–1213). 
Accumulated evidence suggests an important role of GJC in tumor promotion (Trosko
J.E., Chang, C.C. and Madhukar, B.V. (1994) The role of modulated gap junctional 
intercellular communication in epigenetic toxicology. Risk Anal., 14, 303–312). This 
stems from several findings, including: (i) many tumor promoting agents inhibit GJC  

GJC is usually down-regulated in tumors; (iii) on the other hand, up-regulation of G
is associated with prevention of carcinogenesis (Schmidt, J.N., Traenckner, E.B., 
Meier, B. and Baeuerle, P.A. (1995) Induction of oxidative stress by okadaic acid is 
required for activation of transcription factor NF-kappa B. J. Biol. Chem., 270
27142) (Lau, A.F., Kanemitsu, M.Y., Kurata, W.E., Danesh, S. and Boynt
E
phosphorylation of connexin43 on serine. Mol. Biol. Cell, 3, 865–874).    
 
Recently Trosko's group reported that H2O2 inhibits GJC in WB-F344 rat liver 
epithelial cells with an I50 value of 200 µM, but it seems that this effect does not 
involve oxidative stress because the antioxidants they used did not block the e
H2O2 on the disruption of GJC (Upham, B.L., Kang, K.S., Cho, H.Y. and Trosko, J.E
(1997) Hydrogen peroxide inhibits gap junctional intercellular communication in 
glutathione sufficient but not glutathione deficient cells. Carcinogenesis, 18, 37–
A
its face.  This is because the theory is wrong….good data…..wrong theory. 
 
Halliwell states that H2O2 is widely regarded as a cytotoxic agent, whose levels must
minimized by the action of antioxidant defense enzymes.  Actually, H2O2 is poorly 
reactive in the absence of transition metal ions and exposure to certain hum
tissues to H2O2 may be greater than is commonly supposed.  Cell culture is frequently 
used for studies on “physiological” processes such as signal transduction and 
regulation of gene expression and chemical reactions involving the culture me
to be considered because they may lead to the generation of substantial amounts of 
H2O2 in vitro.  Some or all other reported effects of ascorbic and polyphenolics 
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compounds (e.g., quercetin, catechins, epigallocatechin, epigallocatechin gallate) on cells
in culture may be due to H

 

(Halliwell, B., Clement, M.V., Ramalingam, J. and Long, L.H. Hydrogen 
eroxide.  Ubiquitous in cell culture and in vivo?  IUBMB Life.  2000. Oct-Nov;50(4-

s 
A single-strand 

reaks caused by hydroxyl radicals from hydrogen peroxide endothelial cells against 
s Commun 1985;127-270-276).  

es.  
ling 

eroy, C.  Reducing the transmission of 
IV-1:  needle bleaching as a means of disinfection.  J Am Pharm Assoc (Wash) 2000 

f all 
ation 

 of dental pulp tissue. Sodium 
ypochlorite has been taken orally, with products such as Oxychlor, and used as a gel or 

, 
ortant component of the 

ormal immune system, which is used in protection from bacterial, viral and fungal 

lutathione (GSH), N-acetylcysteine, and 
ercaptopropionylglycine are very effective at protecting proteins against oxidative 

 and water containers or tanks where water may be stored, for 
uman or animal consumption.  Thus, it is consumed on a daily basis by the vast majority 
f the USA population. 

2O2 generation by interaction of these compounds with cell 
culture media 
p
5):251-257).  
 
Others have found that mammalian cells are not killed by H2O2-generated .OH radical
(Ward JF, Blakey WF, Joner EL. Mammalian cells are not killed by DN
b
oxidant damage. Biochem Biophys Re
 
2.9 Sodium Hypochlorite 
 
The sodium salt of the hypochlorite ion has found widespread use in medical circl
Recently, it has been recommended as the number one surface disinfectant in the kil
of the HIV/AIDS virus in hospitals, medical clinics and health centers.  Controlled 
studies cited in MEDLINE between 1966 and 1999 indicate that undiluted bleach 
(sodium hypochlorite 5.25%) appears to be an effective disinfection solution for 
needles (Romanelli, F., Smith, K.M. and Pom
H
Nov-Dec;40(6):812-817).   
 
NaOCl has been used for decades as Dakin’s solution or as Carrel-Dakin treatment, 
for the treatment of wounds, based on thorough exposure of the wound, removal o
foreign material and devitalized tissue, meticulous cleansing, and repeated irrig
with a dilute sodium hypochlorite solution.  Sodium hypochlorite solutions are 
routinely used in dental practice for the irrigation
h
for intravenous infusion as a health supplement. 
 
Just like hydrogen peroxide and singlet oxygen, the hypochlorite ion is a product of 
normal aerobic metabolism, especially in the polymorphonuclear leukocyte, phagocyte
monocyte and eosinophil and microglial cell.  It is a very imp
n
infections and may be involved in the killing of tumor cells. 
 
Thiol groups are easily oxidized by HOCl. Hence, low molecular mass thiol 
compounds such as g
m
damage by HOCl. 
 
Sodium hypochlorite is the most widely used agent in the USA as a disinfectant for 
municipal water supplies
h
o
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The Howes Singlet Oxygen Cancer Therapy system (H2O2 and NaOCl) offers 

lectivity, compatibility with other therapeutic modalities, effectiveness, nominal 

e 
ed 

f 
ears to be safe when used as 

 disinfectant by IV drug users (Morgan, D.L. Intravenous injection of household 

y two 
brane 

 

ation (Hoy, R.H. Accidental 
stemic exposure to sodium hypochlorite (Chlorox) during hemodialysis.  Am J Hosp 

l can cause hemolysis of human red blood 
ells if they are exposed to high concentrations of these agents, just as a host of other 

 
.9.1 ochemical Blood Oxidation (IEBO):  Sodium 

read 
 

es (Eventov, V.L, Andrianova, M.I.U. and 
ekaeva, E.A.  Detoxication and disinfection by sodium hypochlorite.  Med Tekh 1998; 

ts 

se
cost, ease of application and low level of risk. 
 
According to an article in Annals of Emergency Medicine, 1992, Vol. 21, page 1394, th
lowest published toxic dose of sodium hypochlorite in man is 45mg/kg.  One report
case in the medical literature in 1992, involved a 31 year old man who injected 1 cc of 
bleach (5.25%) intravenously.  He experienced transient left-sided chest pain and 
vomiting but did not have any serious complications.  This case is similar to the only 
other reported case in the medical literature with an IV injection of a small amount o
bleach.  Based on these two reports, household bleach app
a
bleach.  Ann Emerg Med (1992) Nov;21(11):1394-1395). 
 
A case is reported of a 61 year old woman who was completing hemodialysis treatment, 
when routine cleaning of the hemodialysis machine was started.  Approximatel
liters of undiluted NaOCl (Chlorox) was added to the dialysis bath, soaking mem
fibers.  This accident led to massive hemolysis, hyperkalemia, cyanosis and 
cardiopulmonary arrest.  The patient received CPR, oxygen, intubation, sodium
bicarbonate, atropine, dopamine and isoproterenol.  Sodium thiosulfate 5 g was 
administered as a neutralizing agent by nasogastric tube.  The patients condition 
stabilized and she recovered after a week of hospitaliz
sy
Pharm. 1981 Oct;38(10):1512-1514).   
 
Please keep in mind that H2O2, 1O2 and NaOC
c
physiologic agents can do, including water. 

2 Indirect Electr
Hypochlorite 

 
Unbeknownst to most western practitioners of medicine, the use of sodium hypochlorite 
as an intravenous or intra-peritoneal, medication and as a dialysate has been wide sp
for many years.  Sodium hypochlorite has been shown to be nontoxic, easily excreted,
has a low molecular weight and small molecular size which allows it to readily 
penetrate through cellular membranes and hence to oxidize toxins that are present, 
not only in the blood, but also in the tissu
K
Nov-Dec; (6): 36-39, Article in Russian).   
 
Sodium hypochlorite is the most used irrigating solution in endodontics, because i
mechanism of action causes biosynthetic alterations in cellular metabolism and 
phospholipid destruction, formation of chloramines that interfere in cellular 
metabolism, oxidative action with irreversible enzymatic inactivation in bacteria, 
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and lipid and fatty acid degradation (Estrela, C., Estrela, C.R., Barbin, E.L., Spano, 
C., Marchesan, M.A. and Pecora, J.D.  Mechanism of action of sodium hypochlorite.  

he following references site the long-standing use of NaOCl as an effective and safe 

ia 
d.  It is 

dium hypochlorite on oxygen balance and 
tate of the small intestine in experimental peritonitis.  Biull Eksp Biol Med 

n Russian). 

nts 
hat the 

, 
n, IuM, Dubinkin, O.V. and Bensman, V.M. 

odium hypochlorite in the treatment of suppurative wounds.  Vestn Khir Im II Grek 
icle in Russian). 

l 

pochlorite and intravascular laser irradiation of blood 
 complex treatment of emergency surgical patients.  Vestn Khir Im II Grek.  2001; 

e 
 

J.
Braz Den J.  2002; 13(2):  113-117). 
 
T
medicinal:   
 
2.9.3 Peritonitis  
Sodium hypochlorite administrated intravenously and intraperitoneally, leads to normal 
oxygen balance, metabolism and motility of small intestine in peritonitis.  Anti-hypox
effect of this substance is realized by an increase of oxygen content in the bloo
useful to use sodium hypochlorite in general peritonitis for antibacterial therapy 
and against tissue hypoxia without side effects (Kulaev, G.K., Polivoda, M.D., 
Ettinger, A.I. and Anurov, M.V.  Effects of so
functional s
1991 Jul; 112(7): 65-67  Article i
 
2.9.4 Suppurative Wounds 
Under observation there were 174 patients with purulent wounds, 54 of them were 
treated with application of 0.06% solution of sodium hypochlorite, and 20 patie
made up a control group and were treated by traditional methods.  It was found t
application of the solution of sodium hypochlorite results in sharp elevation of 
susceptibility of wound microflora to antibiotics and facilitates more rapid 
debridement of the wounds and makes the treatment at the hospital shorter 
correspondingly (as compared with the controlled group) (Petrosian, E.A., Sergienko
V.I., Kulaev, G.K., Martynov, A.K., Lopukhi
S
1991 Jan; 146(1): 40-43 Art
 
2.9.5 Acute Abdomen 
Results of treatment of 50 patients with urgent pathology of organs of the abdominal 
cavity are present.  Indirect electro-chemical detoxication of blood against the 
background of the antioxidant protection of organism was applied with the purpose of 
detoxication.  The problems of a possible side effect of the indirect electro-chemica
detoxication of blood, the optimum dosage of sodium hypochlorite in the intravenous 
injection were investigated (Tarasenko, S.V., Pashkin, K.P., Kopeikin, A.A. and 
Petiushkin, V.N.  Use of sodium hy
in
160(1): 89-91 Article in Russian). 
 
2.9.6 Suppurative Peritonitis 
The method of indirect electrochemical oxidation was used in treatment of 34 patients 
with acute purulent peritonitis.  Twenty patients treated by the traditional method were 
taken as a group of comparison.  The method consists in the elevation of sensitivity of th
polyresistant microflora to antibiotics after the introduction into the abdominal cavity of a
warmed to 37 degrees C 0.06—0.08% solution of sodium hypochlorite (100-400 ml), 
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buffered with sodium bicarbonate 0.4 g NaHO3 per 100 ml.  A combined application of
buffered sodium hypochlorite with antibiotics to patients with local, diffuse and genera
peritonitis resulted in shorter average terms of treatment correspondingly to (9+/
0.9), (13 +/- 1.3), (16 +/- 1.9) days against (17.2 +/- 2.4), (25.0 +/- 3.3), (34.7 +/- 4.1) 
days after traditional methods of treatment.  Only 2 patients died of 13 patients with
general peritonitis (15.38%).  Thus, modeling the processes of oxidative detoxication and 
phagocytosis with using a transmitter of acute oxygen—an electrolysis solution of 
sodium hypochlorite is a practically safe and technically simple method of the active
action on the inflammatory process in the abdominal cavity, so it may be widely 
used in treat

 
l 

- 

 

 

ment of peritonitis (Petrosian, E.A.  Sodium hypochlorite in the treatment 
f supportive peritonitis.  Vestn Khir Im II Grek.  1993 May-Jun; I50 (5-6): 18-21 Article 

d 

lorite 

ino, A.A. and Newton, C.L.  Proposal for 
xperimental studies to evaluate sodium hypochlorite dialysate in retroviral treatment.  

). 

ed a 

eatment 
, 

A., Drozhzheva, V.V. and Boiko, T.A.  Sodium 
ypochlorite in the treatment of bacteremic circulatory shock. Urologiia 2000 Nov-Dec; 

ected 

nimals) 

o
in Russian). 
 
2.9.7 NaOCl Dialysate in HIV 
Sodium hypochlorite (NaOCl) is widely used to inactivate retroviruses topically an
on environmental surfaces.  This proposal established the thesis that sodium 
hypochlorite and its related oxygen free radicals can be administered in minute 
quantities in vivo to achieve a reduction in retroviral titer within the infected 
individual.  Published reports of animal studies and accidental sodium hypoch
infusion in much greater concentrations have indicated that the protein depletion and 
oxidation of sulfhydryl compounds in reversible and possibly preventable by 
administration of disulfide reducing agents.  Various methods of infusion can include the 
ex vivo retroviral inactivation of plasma utilizing extracorporeal circulation through a 
continuous centrifugal plasma separator (Avlic
e
Med Hypotheses 1994 Mar; 42(3): 169-172
 
2.9.8 Bacteremic Circulatory Shock 
17 patients with massive urinary infection and bacteriemic circulatory shock receiv
combined intensive treatment including indirect electrochemical blood oxidation (IEBO) 
with 0.06% solution of sodium hypochlorite (SHC).  SHC intravenous infusions 
resulted in stabilization of arterial pressure within 24 hours.  IEBO in the tr
of incipient bacteriemic shock improves prognosis (Danikov, A.P., Ivashchenko, V.V.
Golovanov, S.A., Salmanov, S.
h
(6): 16-18 Article in Russian). 
 
2.9.9 Kidney and Urinary Tract Infections 
The action of indirect electrochemical blood oxidation with 0.06% solution of sodium 
hypochlorite on kidney and urinary inflammation was studied in experiments on 60 non-
inbred rat females of 200-250 g body weight.  The animals were intravesically inf
through the catheter with E. coli and Ps. Aeruginosa.  Three days later, after histological 
verification of acute pyelonephritis, ureteritis, cystitis, the animals were injected 
intraperitoneally 1.0 and 2.0 ml daily of sodium hypochlorite solution (control a
or 0.89% solution of sodium chloride.  Though no reliable decrease of the bacterial 
contamination was achieved, histologically, there was a marked reduction in 
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morphological signs of the inflammation in the kidneys, ureter and urina
on the first day after beginning of electrochemical blood oxidation with solution of 
sodium hypochlorite in experimental groups.  In experimental group rats 
morphological signs of urinary and renal inflammation for both infections disappeared on 
days 7 and 10 respectively.  In the control animals morphological signs of the 
inflammation remained after 10 days.  Moreover, purulent inflammation was r
the controls infected with Ps aeruginosa (Danilkov, A.P., Ivashchenko, V.V., 
Kirpatovskii, V.I., Kudriavtsev, IuV and Lavrinova, L.N.  Effects of indirect 
electrochemical blood oxidation by s

ry bladder 

egistered in 

odium hypochlorite solution on the course on 
flammatory process in the kidneys and urinary tract.  Urol Nefrol (Mosk).  1998 May-

chlorite 

 5-7 

g, anti-

rochemical oxidation of blood in multimodal intensive therapy of 
neumonia in critical patients.  Anesteziol Reanimatol 1997; May-Jun (3): 52-56 Articles 

 
 

was 1.8 

ochlorite in the treatment of the 
uppurative-septic complications in patients with strangulated hernias.  Vestn Khir Im II 

atients 

l 

pochlorite and intravascular laser irradiation of blood 

in
Jun; (3): 25-27 Article in Russian). 
 
2.9.10 Pneumonia in Critical Patients 
Seventy-five patients with severe pneumonia were treated with sodium hypo
solution (intravenous drip in concentration 600 mg/liter).  Beneficial effect of the 
treatment manifested with lowering of body temperature, diminution of 
tachycardia, leukocytosis, leukocytic intoxication index.  The patients recovered
days earlier, the mortality reduced by 11%.  Better clinical parameters were due rather 
to stimulation of anti-infection defense than to direct detoxication action of sodium 
hypochlorite on the causative agent and toxic products.  The solution is recommended for 
treatment of critical pneumonia as an effective modality with immunostimulatin
infectious and detoxication abilities (Dolina, O.A., Manuilov, B.M. and Skobel’skii, V.B.  
Indirect elect
p
in Russian). 
 
2.9.11 Strangulated Hernias with Suppurative Septic Complications 
The article presents an analysis of surgical treatment of 2155 patients with incarcerated
hernias of the anterior abdominal wall.  Pyo-septic complications took place in 24.3%.  a
comparison of results of treatment by traditional methods with those using solution of 
sodium hypochlorite (indirect electrochemical oxidation of blood) has shown that in the 
group of patient treated with sodium hypochlorite lethality was reduced from (18.8 
+/- 0.2)% to (11.2 +/- 0.2)%, the amount of suppuration of the operative wound 
times less and the average number of bed-days was (4.5 +/- 0.2) less (Avakimian, V.A., 
Petrosian, E.A. and Didigov, MT.  Sodium hyp
S
Grek 2000; 159(2): 44-47 Article in Russian). 
 
2.9.12 NaOCl and Intravascular Laser Irradiation in Emergency Surgical P
Results of treatment of 50 patients with urgent pathology of organs of the abdominal 
cavity are presented.  Indirect electrochemical detoxication of blood against the 
background of the antioxidant protection of organism was applied with the purpose of 
detoxication.  The problems of a possible side effect of the indirect electro-chemica
detoxication of blood, the optimum dosage of sodium hypochlorite in the intravenous 
injection were investigated (Tarasenko, S.V., Pashkin, K.P., Kopeikin, A.A. and 
Petiushkin, V.N.  Use of sodium hy
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in complex treatment of emergency surgical patients.  Vestn Khir Im II Grek 2001; 
 

 
 

d in 
 

kii, 
  Endogenous 

toxication and its treatment with sodium hypochlorite in neurosurgical patients.  
2-65 Article in Russian). 

s 

 
 of 

robe 

r 
ter 

 the 

iation in the treatment of thrombophlebitic 
omplications during subclavian vein catheterization.  Anesteziol Reanimatol 1993 Nov-

ssian). 

e 
  

with 

160(1): 89-91 Article in Russian).
 
2.9.13 Neurosurgical Patients 
Blood plasma levels of medium-mass molecules (MMM), antioxidant activity (AOA), 
and malondialdehyde (MDA) were measured in 51 neurosurgical patients before and 
directly and 24 hours after intravenous drip infusion of sodium hypochlorite (SHC) 
solution.  Preliminary in vitro studies showed the most expressed drop of initially high 
MDA and MMM levels to be associated with an increase of AOA.  It was observed at 
SHC concentration of 90.05 mg/ml, corresponding to infusion of SHC in a concentration
of 600 mg/liter in 0.1 of the total circulating blood volume.  Even a single dose of SHC
alleviated endogenous intoxication and decreased the concentration of MMM and lipid 
peroxidation products.  The proper AOA of the blood did not drop in this case, an
patients with initially low AOA it appreciably increased.  Infusion of SHC normalized
the values of Kp, which reflected its high detoxifying activity in endogenous 
poisoning caused mainly by inflammatory changes (Parfenov, A.L., Amcheslavs
V.G., Demchuk, M.L., Aref’eva, I.A., Shaginian, G.G. and Gaitur, E.I.
in
Anesteziol Reanimatol 1997 May-Jun; (3): 6
 
2.9.14 Thrombophlebitis Complications 
A total of 1050 subclavian catheterizations have been performed in an intensive care 
unit, thromobophlebitic complications have been clinically diagnosed in 22 patient
(2.1%), 3 patients developed signs of chronic venous failure long after the procedure.  
Intravascular laser blood irradiation (IVLBI) reduced hypercoagulation, increased 
fibrinolytic activity, improved blood viscosity, stimulated collateral blood flow, etc.  That 
is why IVLBI was used in a complex of therapeutic procedures in 7 patients with 
thrombophlebitic complications upon subclavian catheterization.  In 1 patient IVLBI was
used in combination with intravenous sodium hypochlorite administration.  The course
IVLBI consisted of 5-7 procedures; the power of irradiation at the end of the light p
was 5-6 mWt.  The level of medium mass molecules, leukocyte index of intoxication, 
hematological index of intoxication, coagulogram parameters have been assessed; 
contrast phlebography was performed in patients with phlebothrombosis before and afte
IVLBI.  There were no signs of chronic venous failure in this group of patients long af
the procedure.  The author comes to the conclusion that the use of low intensity laser 
irradiation and intravenous administration of sodium hypochlorite improve
effect of therapy in postcatheterization thrombophlebitic complications (Shishkin, 
S.A.  Use of low intensity laser irrad
c
Dec; (6): 66-68 Article in Ru
 
2.9.15 Purulent Diseases 
The method of indirect electrochemical detoxification by means of sodium hypochlorite 
(NaOCl) obtained by isotonic NaCl solution electrolysis on a [symbol:  see text] devic
consists in modeling hepatic mono-oxygenase detoxifying function on cytochrome P-450.
Indirect electrochemical detoxification was conducted in more than 200 patients 
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generalized abdominal pyo-inflammatory processes and marked intoxication syndrome.
Sodium hypochlorite was used for intravenous treatment of endotoxicosis in
concentrations of 600 mg/l and 300 mg/l in volumes of 1/10 and 1/6 CBV in patients 
with generalized fibrinopurulent peritonitis and pancreonecrosis and for local 
administration during programmed prophylactic treatment of the abdominal cavity.  
detoxifying effect was best in patients with grade 2-3-intoxication (according to V.K. 
Gostishchev et al., 1989).  Local use of NaClO was marked by a high necrolyti
effect, antiseptic properties, capability for reducing the resistance of the microflora 
to antibiotics, etc.  The work discusses the methods of hypochlorite application, 
indications, contraindications, possible complications and their prevention (Gostishchev,
V.K. and Fedorovskii, N

  
 

The 

c 

 
.M.  Indirect electrochemical detoxication in the combined 

eatment of purulent disease in surgical practice.  Khirurgiia (Mosk) 1994 Apr; (4): 48-

on of 
same 

s, 

ent 

.A., 
, 

 of early thrombotic complications after 
constructive operations in occlusions of the aorto-iliac segment.  Khirurgiia (Mosk) 

 

e following article: 
Jeffrey A. Klein and Susan L. Ackerman Oxidative stress, cell cycle, and 

tr
50 Article in Russian). 
 
2.9.16 Thrombotic Complications in Occlusions of the Aorto-Iliac Segment 
108 patients with atherosclerosis of aorto-iliac segment have undergone various 
reconstructive operations on this segment.  Depending on the treatment all the patients 
were divided in 2 groups (test group—54 patients, control group—54 patients).  The 
patients of the control group received aspirin, rheopolyglucin and trental for correcti
hemorheology and hemocoagulation disorders.  In patients of the test group at the 
time as this treatment, the indirect electrochemical blood oxidation by intravenous 
infusion of 0.03% sodium hypochlorite was applied.  Regional hemodynamic
hemorheology and hemostasis indices were studied in all patients.  It was established that 
indirect electrochemical blood oxidation permits to significantly improve the 
hemorheology indices, to diminish thrombophilia phenomenon during the treatm
and early postoperative period.  It was noted that early thrombotic reocclusion and 
amputation rates were reduced in the test group (Poliantsev, A.A., Spasov, A
Mozgovoi, P.V., Karpenko, A.V., Shcherbakov, V.N., Kuznetsov, V.I., Khomutnikova
A.I. and Kirichenko, O.M.  Prevention
re
2000; (9): 37-41 Article in Russian). 

2.9.17 2.3  EMODs, Alzheimer ’s Disease and Metals  

Some of the following was excerpted, abstracted or modified from th

neurodegeneration J Clin Invest. 2003 March 15; 111(6): 785–793. 

Although numerous in vitro studies have implicated EMODs in neuronal death, the 
relative lack of in vivo evidence has contributed to some controversy surrounding the 
role of EMODs in the pathophysiology of later-onset neurodegenerative disorders. 
Markers of oxidative stress are found in postmortem examination of brains from patients 
with many neurodegenerative disorders. However, whether oxidative stress is involved 
in the development and/or progression of these disorders, or is merely associated with 
end-stage disease, is in dispute. DNA oxidation, protein oxidation, and lipid peroxidation 
have been reported in regions containing neurofibrillary tangles and senile plaques of 
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brains from AD patients. As an apparent compensatory response, increased levels of 
catalase, glutathione peroxidase, and glutathione reductase were observed in the 
hippocampus and inferior parietal lobe of brains of patients with AD. However, I 
can argue that the presence of high levels of antioxidant enzymes sets the stage for 
RONS/excytomer or EMOD deficiency states, which “allow” the plaque and tangle 
changes to occur.  Biochemical assays for salicylate hydroxylation using β-amyloid 
(Aβ) fragments, the primary constituent of senile plaques, suggest that these peptides can 
generate free radicals that may underlie some of the molecular alterations observed in 
AD brains. In agreement, increases in Aβ deposition resulted in the induction of 
oxidative stress in transgenic mice overexpressing the mutant amyloid precursor protein 
and presenilin 1, two proteins implicated in the progression of AD. These results 
suggest that Aβ may be involved in free radical generation. However, other studies 
suggest that Aβ may be a cellular response to oxidative stress or an antioxidant and 

t role in the pathologies of these 

f the above neurological diseases.  In my opinion, this clears 

 

 
ived for such prolonged periods with the 

implicate other processes as primary in generating free radical damage.  In other 
words, it is not known if RONS/ EMODs are in any way causative of AD. 

Oxidative damage has also been reported in several other age-related neurodegenerative 
diseases, including Huntington disease, progressive supranuclear palsy, amyotrophic 
lateral sclerosis, and prion disorders, all of which have abnormal protein 
aggregation as a major component of their pathology. Although recent research had 
questioned the relationship between protein fibril formation and disease, it is also clear 
that some sort of protein aggregation plays an importan
various diseases and that oxidative stress and protein inclusions may cooperate in 
neuronal death in several neurodegenerative disorders.  

Intrinsic oxidative stresses, and presumably cell damage, increase with age due to either 
diminished antioxidant defenses or the increase in mitochondrial dysfunction. These age-
related effects, compounded with genetic and environmental risk factors, and the high-
energy dependence but relatively low level of antioxidants in the brain, may provide 
a unifying mechanism for the high incidence of neurodegenerative disorders in the aged 
population. High levels of EMODs and low levels of antioxidant enzymes are the 
normal conditions in the brain from early age through adulthood and should result 
in early onset of Alzheimer’s disease or other neurodegenerative diseases 
(Huntington’s, ALS and prion disorders), but it does not.  The two factors of high 
levels of EMODs and low levels of antioxidant enzymes argues that the brain 
should be dramatically effected, in a damaging and harmful way, in all individuals.  
However, that is not the case and many, if not most, individuals live to old ages, 
while still free of any o
EMODs of the harmful effects of the doom and gloom crowd.  Furthermore, these 
are post-mitotic cells. 

Cerebellar granule cells exposed to a 15-minute pulse of 100 µM H2O2 displayed only a
25% survival rate after 15 hours in culture. In contrast, a similar number of cortical 
neurons survived when exposed to 100 µM H2O2 for 24 hours, suggesting that granule 
cells are more sensitive to oxidative stress than are cortical neurons.  Actually, 100 µM 
H2O2 is considered by many investigators to be a cytotoxic concentration and I am
surprised that such a large percentage surv
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peroxide exposure.  In fact, I believe that this data further argues for the lack of 

rrest. 

on dependent.  The majority of the apoptotic fibroblasts 
ere in the S phase of the cell cycle, whereas growth-arrested cells were predominantly 

iferation is through 
xidative stimulation of mitogenic pathways. Indeed, EMODs have been implicated in 

togens. 

ome of the following was excerpted or modified from an article by Peter H. Proctor, 

xcited states, which are produced by 
ormal physiological and biochemical reactions, are intimately involved in inflammation, 

nsduction.   

n the 
ollow 

t 

e 
t 

 

harm by exposure of neurons to peroxide. 
 
At first, the idea of oxidative stress and cell cycle reentry seems counterintuitive. In fact, 
examination of the current literature on the effect of oxidative stress on the cell cycle 
reveals that increases in ROS-induced DNA damage are correlated with cell cycle a
However, whether ROS-exposed cells undergo growth arrest or apoptosis may depend in 
part on where the cell resides in the cell cycle when insulted. For example, human 
fibroblasts treated with H2O2 underwent either cell cycle arrest or apoptosis. The 
result appears to be concentrati
w
in the G1 or the G2/M phase.   
 
While exposure of cells to moderate concentrations of hydrogen peroxide induces 
growth arrest, and exposure to high concentrations induces apoptosis and/or 
necrosis, low amounts of H2O2 have been shown to stimulate cell proliferation. One 
potential mechanism by which oxidative stress could induce cell prol
o
cell signaling, specifically through mi
 
2.9.18 10.2  Free Radicals (EMODs) 
 
S
Ph.D., M.D. entitled “Free Radicals and Human Diseases.” 
 
Increasing evidence indicates that free radicals and e
n
immunological responses and signal tra
 
3.0 10.3  Superoxide Radical 
 
Halliwell stated that, "superoxide" is still endowed with miraculous properties by the 
uninitiated. Demonstration that the action of a disease or toxin in vivo produces increased 
lipid peroxidation (a currently-popular scientific activity) means nothing more tha
fact that its action produces increased lipid peroxidation: it does not automatically f
that the lipid peroxidation causes the damaging effects of the drug or disease (B. 
Halliwell.  Oxygen Radicals: A Commonsense Look at Their Nature and Medical  
Importance. Medical Biology 62:71-77, 1984). The atom of hydrogen (one unpaired 
electron) and the ions of such transition metals as iron, copper and manganese mee
the definition of free radicals. Superoxide ion is the one-electron reduction product of 
oxygen. Dissolved in organic solvents, it is an extremely reactive species, e.g. it can 
displace chlorine from such unreactive chlorinated hydrocarbons as carbon tetrachlorid
(CCl4). However, in aqueous solution O2

.- is poorly reactive, acting as a reducing agen
(e.g. it will reduce cytochrome c or nitro-blue tetrazolium) and slowly undergoing the
dismutation reaction, in which one molecule of superoxide reduces another one to form 
hydrogen peroxide (H2O2 ). The dismutation reaction occurs in stages; O2

.- must first 
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combine with a proton to yield the hydroperoxyl radical, HO2.  At physiological pH the
low concentration of H+ ions slows the rate of dismutation. HO

 

han "physiological", 
ut the phagocytic vacuole operates at an acid pH and the pericellular pH of macrophages 

 
 

, 1981). A 
umber of compounds slowly become oxidized on exposure to O2 and O2  is generated; 

n , tetrahydrofolate, reduced FMN and oxyhemoglobin. 

ome of the following material was excerpted, abstracted or modified from the web site 

2 radical, which is more 
reactive than O2

.-. Formation of HO2 is favored at pH values lower t
b
has been reported to be 6 or less. This is a very important concept. 
 
Any electron transport chain operating in the presence of O2 "leaks" some of the 
electrons, passing them directly onto O2. Cytochrome oxidase keeps the partially reduced
intermediates on the pathway to water tightly bound to its active site; they do not escape
into free solution. The rate at which O2

.- is produced rises as the concentration of O2 
in the system is raised (Freeman, BA, Crapo JD: Hyperoxia increases oxygen radical  
production in rat lungs and lung mitochondria. J Biol Chem 256: 10986-10992
n .-

these i clude adrenalin
 
3.0.1 Dr. Balz Frei 
 
S
of Dr. Balz Frei at lpi@oregonstate.edu  
 
According to the director of the Linus Pauling Institute, Dr. Frei Balz, under normal 
metabolic conditions, each cell in our body is exposed to about 1010 molecules of 
superoxide each day. For a person weighing 150 pounds, this amounts to about 4 pound
of superoxide per year, a substantial amount! Once formed, superoxide is converted to 
other EMODs. For a 200 pound man this equates to formation of 5.3 pounds of O

s 

er 

ody weight of O2 .  Please remember that O2  is immediately converted into H2O2 and 

are a 
hat can remove these lesions, but their repair success is 

not perfect. Therefore, oxidative DNA damage and mutations accumulate with age, 

portant 

he 

2
.- p

year.  That means that in 37.7 years, this person would have formed an amount of O2
.- 

equal to his body weight and at 75 years of age, he would have formed 2 times his 
.- .-b

one would have a corresponding amount of H2O2 formed in the same time frame. 
 
It has been estimated by Ames that the DNA in each cell of our body suffers 10,000 
"oxidative hits" per day, leading to the formation of more than twenty different 
oxidative DNA lesions. Many of these lesions are known to cause mutations. There 
number of DNA repair enzymes t

which may contribute to cancer. 

While oxidative damage to DNA is implicated in cancer, oxidative damage to lipids in 
low-density lipoprotein (LDL, the "bad" cholesterol) allegedly plays an im
role in atherosclerosis. Atherosclerosis and the resulting complications of heart attacks 
and strokes are by far the No.1 killer in the United States. Interestingly, only 
polyunsaturated fatty acids can undergo lipid peroxidation, while saturated fats do 
not. This is quite ironic, because polyunsaturated fat is considered beneficial for 
keeping LDL levels low in the blood, while saturated fat increases these levels. T
solution to this dilemma may be to replace both saturated and polyunsaturated fat in our 
diet with monounsaturated fat, which is neither easily oxidized nor exerts adverse 
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effects on the blood level of LDL. The single most abundant monounsaturated dietary 
is oleic acid, present in olive oil. The high consumption of olive oil may explain why 
people living in Mediterranean c

fat 

ountries like Greece and Italy have such low rates of 
heart disease (in addition to some other factors, for example, the regular consumption of 

s, as 

gy 

 
e in 1969 by 

Irwin Fridovich, scientists did not believe that free radicals and ROS are even generated 

 to cellular membranes and 
lipoproteins, whereas the water-soluble antioxidants are present in aqueous fluids, such as 

ls and surrounding them.  

rt 
f LDL 

second, 
t disease patients given 400-800 IU of 

vitamin E per day.  However, studies reported in 2005 indicate that vitamin E 

ps 
an effect 

. 
Biogerontology, 2001, vol. 2, no. 2, pp. 109-112(4)).  Again, the predictions of the Free 
Radi-Crap theory are unfounded and not supported by this experiment. 

moderate amounts of alcohol).  

Balz Frei states that the very existence of superoxide dismutase in biological system
well as other antioxidant enzymes (e.g., catalase, glutathione peroxidase) attests to the 
importance of oxidative damage as a real threat to cellular and organismal survival. 
Otherwise, organisms would not go through the considerable trouble and ener
expenditure of evolving and synthesizing these enzymes. (RMH Note: I will re-visit 
this hypothesis throughout my discussions in UTOPIA.  Many of the evolved 
systems in the body have not followed this logic and have evolved in what appears to
be illogical ways.) Before the discovery of the enzyme superoxide dismutas

in our bodies, let alone that they play a role in human degenerative disease. 

The small-molecule antioxidants include lipid-soluble and water-soluble 
antioxidants. The lipid-soluble antioxidants are localized

blood and the fluids within cel

3.0.2 Alpha-Tocopherol 

Alpha-tocopherol, the biologically and chemically most active form of vitamin E, is by 
far the most abundant lipid-soluble antioxidant in humans. Recent evidence indicates that 
an intake of about 100-200 IU of vitamin E per day substantially lowers the risk of hea
disease. A very plausible mechanism for this effect of vitamin E is the protection o
against oxidation, which, as mentioned above, is a critical step in the development of 
atherosclerosis. Vitamin E may also be useful in the treatment of heart disease, as 
indicated by a recent study from England in which a reduction by about 75% of a 
non-fatal heart attack was noted in a cohort of hear

increases the rate of stroke and heart disease.   

It has been speculated that aging results from accumulation of damage to 
macromolecules, particularly DNA, owing to the action of EMODs. This possibility 
would predict that administration of anti-oxidants might prolong lifespan, but previous 
data on this prediction are conflicting. Three groups of mice were exposed throughout 
life, from the time of conception until death, to 20, 40 and 400 mg/Kg of vitamin E in 
the diet. No effect on lifespan was observed and the median lifespans in the three grou
were 804, 830 and 801 days, respectively. The design of the study also enabled 
of parental age on lifespan of female progeny to be sought, but no effect was detected 
(Morley A.A.; Trainor K.J. Lack of an effect of vitamin E on lifespan of mice
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Other lipid-soluble antioxidants are beta-carotene (a vitamin A precursor) and related 
substances called carotenoids, such as alpha-carotene (the yellow and orange color in 
fruits and vegetables), lycopene (the red color in tomatoes), lutein, and zeaxanthine. 
However, carotenoids are much weaker antioxidants than vitamin E. According to 
Frei, it was not surprising, therefore, that beta-carotene supplementation failed to 
affect cancer and heart disease rates in three recent, very large (and very 
expensive!) studies in Finland, Boston, and Seattle. If anything, lung cancer rates were 
increased in smokers given beta-carotene supplements, a result that awaits a scientific 
explanation.  

If Dr. Frei’s hypothesis is correct regarding the evolutionary development of 
antioxidant enzymes, then, I ask, “Why is the body dependent upon the dietary 
intake of the small molecular antioxidants?”  Also, if singlet oxygen is harmful to 
the cell, I ask, “Why has man failed to evolve the development of an enzyme to 
deactivate it, as is done in yeast with the SOR1 gene?” 

3.1.0 Vitamin C 

Vitamin C, the prominent water-soluble antioxidant, has a number of well-defined 
biological functions, including collagen, catecholamine, and carnitine biosynthesis. 
Vitamin C also very effectively scavenges a wide array of ROS and free radicals. 
Obviously, the role of vitamin C in human health and disease was one of Dr. Pauling's 
main interests in the last 25 years of his life. Our studies have shown that vitamin C 
forms the first line of antioxidant defense in plasma against many different types of ROS 
and radicals and, surprisingly, also protects LDL more effectively against oxidation 
than vitamin E. Dr. Frei states that there is also strong evidence from epidemiological 
studies that an adequate intake of vitamin C can lower the risk of cancer; heart disease, 
and cataract. One such study showed that men and women with the highest intake of 
vitamin C, defined as 50 mg or more from the diet plus regular supplements, had a risk of 
dying from heart disease or cancer that was 34% and 18%, respectively, lower than 
expected. Unfortunately, however, only limited information is available from large, well-
controlled trials studying the potential benefits of vitamin C supplementation in disease 
prevention or treatment. For example, only a single trial testing vitamin C as an isolated 
intervention in the treatment of heart disease is underway, the "Women's Antioxidant 
Cardiovascular Disease Study" at Harvard University. Dr. Frei neglects to mention the 
well known prooxidant activity of ascorbic acid.  It is unknown how this prooxidant 
activity may be related to the results he reports above.   

In summary, we are constantly exposed to EMODs generated from endogenous and some 
exogenous sources. These EMODs react with biological molecules, such as DNA, 
proteins, and lipids, causing structural and functional damage. Oxidative damage 
accumulates in human tissues with age and can causally contribute to a number of 
degenerative diseases, such as heart disease and cancer. Since we are all now exposed to 
such high levels of EMODs from birth, I ask, “Why are we now living longer than 
ever before?” 
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Antioxidants, both enzymatic and non-enzymatic, allegedly limit oxidative damage to 
biological molecules by various mechanisms. Dietary antioxidants, such as vitamins C 
and E, significantly contribute to antioxidant defense systems in humans and may help 
protect us from certain age-related degenerative diseases. Yet, both have considerable 
prooxidant activity, especially in the presence of trace transition metals. 

3.2 Superoxide Dismutase (SOD) 
 
SOD is one of the most important enzymes in the front line of defense against oxidative 
stress. According to Dr. Cutler, SOD is also a factor that controls organisms' life-
spans (J.M. Tolmasoff, T. Ono and R.G. Cutler, Proc. Natl. Acad. Sci. USA, 77, 2777 
(1980). 
 
Researchers working with Drosophila melanogaster report that ablation of 
mitochondrial SOD2 through expression of a GAL4-regulated, inverted-repeat Sod2 
RNA-interference transgene in an otherwise normal animal causes increased endogenous 
oxidative stress, resulting in loss of essential enzymatic components of the mitochondrial 
respiratory chain and the tricarboxylic acid cycle, enhances sensitivity to applied 
oxidative stress, and causes early-onset mortality in young adults. However, life span 
was again found to be increased in proportion to the increase in MnSOD enzyme activity, 
with increases of up to 40% in mean and maximum life span. Simultaneous 
overexpression of catalase with MnSOD had no added benefit, consistent with 
previous observations that catalase is present in excess in the adult fly with regard to life 
span. 
 
I believe that this data indicates that increases in SOD increase lifespan due to 
increased levels of H2O2 and addition of catalase produces no additional effect. 
Peroxide accumulation form SOD is best illustrated in studies with cultured cells 
overexpressing catalase exhibit suppressed activation of NF-κB in response to tumor 
necrosis factor-α, while those overexpressing SOD exhibit intracellular accumulation 
of hydrogen peroxide and NF-κB activation. 
 
Superoxide dismutase is an enzyme of the oxidoreductase class that catalyzes the 
reduction of superoxide anions to hydrogen peroxide, protecting cells against 
dangerous levels of superoxide. The hydrogen peroxide is further broken down to 
oxygen and water. Recent studies cite SOD's role in preventing liver damage due to 
oxygen free radical mediated lipid peroxidation. SOD is also a DNA repair enzyme and 
can be used as a stand alone test marker for all DNA repair enzyme activity. Reportedly, 
levels of SOD provide a direct measurement of the body's ability to repair DNA 
adducts. 
 
Cancer is one of the major killers after cardiovascular disease and most of the cancers 
are incurable at the time of diagnosis. Cancer is the second most common cause of 
mortality after cardiovascular diseases among the 60 million deaths occurring every year 
worldwide. This disease is a major public health problem in developed countries and is 
becoming an important cause of mortality in the adult population in developing countries. 
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Although there has been success in curing non-metastatic cancer, most forms of 
metastatic cancer are generally incurable with conventional treatment modalities 
such as surgery, radio- and chemotherapy. 
 
Superoxide anion is formed as a result of the leakage of electrons from 
mitochondrial electron transport and the reduction of molecular oxygen (O); this 
occurs primarily at Complex I (NADH2 dehydrogenase) and Complex III 
(ubiquinone-cytochrome b-c1 complex). Hydrogen peroxide is generated spontaneously 
by the dismutation of superoxide anions. The intracellular levels of H2O2 are normally 
less than 100 nM, and this species can easily diffuse through cellular membranes. 
 
3.2.0 SOD, EMODs and Tumor Cell Growth 
 
In 2001, Currents published an article on Larry Oberley, Ph.D., which discussed free 
radicals and suppression of tumor cell growth (Larry Oberley, Ph.D. Free radicals 
biology: A molecular approach to suppressing cancer cell growth. Currents: Summer 
2001, Volume 2, Number 3).  The following is an abstract of that article with my 
comments in bold italics. 

Highlights:  

• Reactive oxygen species (ROS) are oxygen-containing molecules that have higher 
reactivity than ground state molecular oxygen  

• ROS at high concentrations are cytotoxic, leading to cell death, mutations, 
chromosomal aberrations, or carcinogenesis  

• Antioxidants, such as superoxide dismutase, inhibit malignant transformation  
• Raising SOD in combination with inhibiting peroxide removal leads to enhanced 

cancer cell killing and thus may become a new and unique type of cancer therapy  

I believe that these highlights present a very distorted and inaccurate picture of the 
complex data relating to EMODs and cancer cell growth. 

History: Over the last two decades, a great deal of evidence has linked reactive oxygen 
species (ROS) with many types of cancer. ROS are oxygen-containing molecules that 
have higher reactivity than ground state molecular oxygen. These species include not 
only the oxygen radicals, such as superoxide, hydroxyl, and peroxyl, but also nonradical 
molecules like singlet oxygen and hydrogen peroxide. Radicals are molecules with 
unpaired electrons.  

ROS are generated during aerobic metabolism. Increased levels of these species are 
produced during various forms of oxidative stress. The net intracellular concentration of 
ROS is the result of the production of ROS and the ability of substances to remove them. 
This redox balance can be very difficult, if not impossible, to accurately measure and it 
is constantly changing from one moment to the next. 
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In recent years, much evidence has been published suggesting that ROS at high 
concentrations are cytotoxic, leading to cell death, mutations, chromosomal aberrations, 
or carcinogenesis. In contrast, at low concentrations ROS are involved in the regulation 
of several key physiological processes, such as cell differentiation, apoptosis, and cell 
proliferation. Thus, it appears that ROS act as regulatory molecules in an analogous 
fashion to what has been observed with phosphorylation. Unquestionably, EMODs are 
an essential for normal cellular homeostasis. I can not over-emphasize their 
importance to normal cellular physiology. 

Cells also contain a large number of antioxidants to prevent or repair the damage caused 
by high-level ROS. These include vitamins E, C, and A as well as antioxidant enzymes. 
There are three major types of primary intracellular antioxidant enzymes in mammalian 
cells: superoxide dismutase (SOD), catalase, and peroxidase. These enzymes are highly 
compartmentalized.  

It has been over 25 years now since the first report was published demonstrating that the 
activity of manganese-containing superoxide dismutase (MnSOD; localized in the 
mitochondria) was lower in transformed cells than in normal cells. Since that time, 
numerous published papers have reported altered levels of antioxidant enzyme activity in 
cancer cells. These are especially low in MnSOD and catalase activity.  

However, the large body of literature has not yet definitely demonstrated a causal 
relationship between free radicals, antioxidant enzymes, and cancer in humans. 
Powerful evidence of a causal relationship is that, in various model systems, ROS cause 
cancer. Moreover, antioxidants, and SOD in particular, inhibit malignant transformation. 
I can show you lots of data to support or refute these statements.  

New facts: If antioxidant enzymes are important in cancer, then normalization of the 
levels of activity of these enzymes should result in reversal of at least part of the cancer 
cell phenotype. This hypothesis was first suggested by our group back in 1979 and has 
been subsequently tested with respect to SOD in three different ways.  

Drug-resistance experiments with a substance known to be an ROS producer have shown 
that virus-transformed kidney cells were largely killed by the substance. Only a small 
fraction of these cells became resistant to the drug. The latter cells had much higher SOD 
activities than the rest of the cells and an apparently normal cell phenotype. This states 
that EMODs kill cancer cells. 

A second technique to elevate SOD activity in cancer cells is the use of liposomal SOD 
protein. It has been shown that malignant blood cells differentiate and stop 
proliferating in the presence of liposomal SOD. Implicit in this evidence is that the loss 
of SOD activity may in some way be causal to malignant transformation. Simply stated, I 
believe that this means that the EMOD (H2O2) produced by SOD is cytotoxic for cancer 
cells. 
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A third way to deliver SOD to cancer cells is the use of cDNA transfection. We (Oberley) 
demonstrated that the transfection of MnSOD cDNA into cultured human melanoma 
cells resulted in the loss of the malignant phenotype by at least five-fold. The most 
important observation was that in the nude mouse assay, 18 out of 18 sites injected with 
parental melanoma cell line developed tumors, while none of the 16 sites injected with 
melanoma cells expressing high levels of MnSOD developed tumors. Similar results 
were repeatedly obtained by many other groups testing the causal link between restored 
levels of MnSOD activity and reversal of the cancer phenotype. Again, this demonstrates 
the cytotoxicity of H2O2 for cancer cells. 

There has been an explosion of literature demonstrating that kinases, phosphatases, and 
transcription factors are all redox-modulated by ROS.  

So far, three ROS have been implicated as effectors for the MnSOD tumor suppressing 
ability: superoxide radical, hydrogen peroxide, and nitric oxide. Superoxide radical and 
hydrogen peroxide are the substrate and product of SOD. Nitric oxide enhanced the 
inhibition of cell proliferation caused by MnSOD over-expression, an effect that was lost 
at high concentrations of nitric oxide donors.  

We also have found that MnSOD in combination with certain chemicals can have an 
anticancer effect via cell killing, in contrast to the non-cytotoxic tumor suppression effect 
of MnSOD alone. The rationale behind this combination comes from the enzymatic 
action of MnSOD protein: it dismutes superoxide radicals into hydrogen peroxide. If 
hydrogen peroxide removal is inhibited, cancer cells will die due to hydrogen peroxide-
mediated cell damage. Thus, we have treated rat glioma cells with a derivative of 
nitrosourea (BCNU), a clinically used anticancer drug that inhibits the enzyme that 
mediates the removal of hydrogen peroxide from the cell. We found that the higher the 
MnSOD levels in these cells, the higher the killing rate. Using another inhibitor of 
hydrogen peroxide removal, buthionine sulfoximine (BSO), in combination with 
MnSOD, the killing rate reached 100 percent. All of this is consistent with the cytotoxic 
activity of H2O2, which is produced by SOD. 

In summary, we obtained convincing evidence that elevation of SOD leads to suppression 
of at least part of the malignant phenotype. Raising SOD in combination with inhibiting 
peroxide removal leads to enhanced cancer cell killing. We believe this may become a 
new and unique type of cancer therapy. It was this type of thinking which led me to 
develop the Howes Singlet Oxygen Cancer Therapeutic system utilizing H2O2 and 
HOCl.  

I have been saying all along that SOD serves as a plentiful source of 
H2O2 and it is, thus, an excellent prooxidant. 
 
 
Studies have demonstrated that the tumor suppressor PTEN (phosphatase and tensin 
homolog deleted from chromosome 10), the antagonist of the phosphosphoinositol-3-
kinase (PI3K) signaling cascade, is susceptible to H2O2-dependent oxidative 
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inactivation.  
 

Increases in the steady state production of mitochondrial derived H2O2, as a result of 
manganese superoxide dismutase (Sod2) overexpression, led to PTEN oxidation that was 
reversed by the coexpression of the H2O2-detoxifying enzyme catalase. PTEN oxidation 
in response to mitochondrial H2O2 enhanced PI3K signaling, leading to increased 
expression of the key regulator of angiogenesis, vascular endothelial growth factor. 
Overexpression of PTEN prevented the H2O2-dependent increase in vascular endothelial 
growth factor promoter activity and immunoreactive protein, whereas a mutant PTEN 
(G129R), lacking phosphatase activity, did not. Furthermore, mitochondrial generation of 
H2O2 by Sod2 promoted endothelial cell sprouting in a three-dimensional in vitro 
angiogenesis assay that was attenuated by catalase coexpression or the PI3K inhibitor 
LY2949002. Sod2 overexpression resulted in increased in vivo blood vessel formation 
that was H2O2-dependent as assessed by the chicken chorioallantoic membrane assay. 
The findings of Connor, et al, provide the first evidence for the involvement of 
mitochondrial H2O2 in regulating PTEN function and the angiogenic switch, indicating 
that SOD2 can serve as an alternative physiological source of the potent 
signaling molecule, H2O2 .  (KM. Connor, S Subbaram, KJ. Regan, KK. Nelson, JE. 
Mazurkiewicz, PJ. Bartholomew, AE. Aplin, YT Tai, J Aguirre-Ghiso, SC. Flores, and J 
A Melendez. Mitochondrial H2O2 Regulates the Angiogenic Phenotype via PTEN 
Oxidation. J. Biol. Chem., Vol. 280, Issue 17, 16916-16924, April 29, 2005) 
 
3.2.1 MnSOD Deficiency is Lethal in Mice 
 
Previous studies have shown that the lack of MnSOD gene in Escherichia coli and yeast 
leads to hypersensitivity and oxidative stress. Homozygous mutant mice lacking 
MnSOD died within the first 10 days after birth and showed dilated 
cardiomyopathy, accumulation of lipid in liver and skeletal muscle, and metabolic 
acidosis. Furthermore, mice lacking MnSOD showed degenerative injury of the central 
nervous system, particularly in the basal ganglia and brain stem associated with damaged 
mitochondria (Takada Y, Hachiya M, Park SH, Osawa Y, Ozawa T, Akashi M. (2002) 
The Role of reactive oxygen species in cells overexpressing manganese superoxide 
dismutase: mechanism for induction of radioresistance. Mol Cancer Res. 1:137-46). I 
believe that this lack of MnSOD, which is the only mitochondrial enzyme to convert 
O2

.- to H2O2, shows that the cells desperately need adequate levels of H2O2.  I 
consider this further support for my Unified Theory. 
  
3.2.2 Cancer Cells are Low in MnSOD 
 
Cancer cells are nearly always low in MnSOD (Oberley LW. (2001) Anticancer 
therapy by overexpression of superoxide dismutase. Antioxid Redox Signal. 3:46-472). I 
believe that this creates the low levels of RONS (MnSOD is not present to form H2O2) 
and this “allows” for cancer growth. 
3.2.3 Overexpression of MnSOD Inhibits Tumor Cell Growth. 
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Many studies demonstrated that overexpression of MnSOD can inhibit tumor cell 
growth. Overexpression of MnSOD decreases the tumor growth compared with the 
controls. Again, because MnSOD is overexpressed, it will generate increased H2O2 
(EMOD) levels and consequently kill the cancer or retard its growth, in support of 
my Unified Theory. 
 
3.2.4 Overexpression of CuZnSOD Inhibits Tumor Cell Growth. 
 
One study demonstrated that overexpression of CuZnSOD can inhibit tumor cell 
growth (Zhang Y, Zhao WL, Zhang HJ, Doman FE, Oberley LW. (2002) 
Overexpression of copper zinc superoxide dismutase suppresses human glioma cell 
growth. Cancer Res. 62:1205-1212).  Again, H2O2 is generated to increased levels such 
that it demonstrates antineoplastic properties, in accordance with my Unified 
theory. To the contrary, in tumor cells, the activity of CuZnSOD is usually low 
(Oberley LW. (2001) Anticancer therapy by overexpression of superoxide dismutase. 
Antioxid Redox Signal. 3:46-472).   
 
Catalase is not essential for some cells under normal conditions and further argues 
that excess levels of hydrogen peroxide are not very toxic.  This is verified by the fact 
that most acatalasemia patients get along quite well. 
 
One study double overexpressed MnSOD and GPx1 into PU118-9 cells (Li SJ, Yan T, 
Yang JQ, Oberley TD, Oberley LW. (2000) The role of cellular glutathione  
peroxidase redox regulation in suppression of tumor cell growth by manganese  
superoxide dismutase. Cancer Res. 60:3927-3939).  They found that overexpression of 
GPx1 rescues the growth suppression by MnSOD. This evidence indicates that 
GPx1 is a major antioxidant enzyme that protects cells against lethal oxidative 
stress.   
 
I believe that these results are because the GSH-Px breaks down the H2O2 formed 
by the overexpressed MnSOD, and consequently, the repressed growth is blocked by 
deficiency levels of EMODs.   
 
3.2.5 Dealing with Contradictions 

Dr. Peter Rabinovitch and colleagues at the University Of Washington School Of 
Medicine reported in the Journal Science on May 5, 2005 that mice genetically 
engineered to produce a human antioxidant enzyme lived longer than normal mice, which 
was cited as evidence that antioxidants can counteract the effects of aging and 
disease. They say that chemicals known as free radicals damage cells by generating a 
reaction called oxidation -- the same process that causes metal to rust. Antioxidants 
interfere with this chemical reaction. 

The researchers used genetically engineered mice that made extra amounts of catalase, 
an antioxidant enzyme that helps break down hydrogen peroxide into water and oxygen. 
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Hydrogen peroxide is produced during metabolism and it can be a precursor of free 
radicals. The mice were precisely designed to produce extra catalase in the cells' 
cytoplasm; the nucleus where DNA is stored; and the mitochondria, the cell's power plant 
and also a place where some DNA is found. The mice that made more catalase in the 
mitochondria lived about 20 percent longer -- about five months. The mice with more 
catalase levels in the nucleus and cytoplasm lived only a little longer than normal mice.   

Assuming that they are correct in saying that EMODs damages mtDNA and 
shortens the lifespan of mice and the mitochondria contains GSH-Px1 for protection 
from H2O2, then I ask, “How does RNA travel the long and alleged treacherous 
journey all of the way from the nucleus to the RONS-producing ribosomes on the 
endoplasmic reticulum, without being destroyed?”  Actually, RNA makes this 
journey constantly in all of our aerobic cells and it does so whilst sustaining little, if 
any, damage from EMODs, even though it does not have the added protection of 
histones of nDNA.  This is an apparent contradiction of facts. Keep in mind that 
H2O2 has free passage throughout the cytoplasm.   

The mice with catalase in the mitochondria also had healthier heart muscle tissue, 
indicating the catalase helped protect from age-related heart problems seen in normal 
mice.  I remind you that the mitochondrion does not normally have catalase present. 

"This study is very supportive of the free-radical theory of aging," Rabinovitch said in a 
statement. "It shows the significance of free radicals and of reactive oxygen species in 
particular, in the aging process."  I believe that it is just theses types of statements that 
are responsible for the perpetuation of the Free Radi-Crap theory and Dr. 
Rabinovitch must be a paid-in-full oxy-moron member. 

I remind you that both peroxisomes and the endoplasmic reticulum produce more 
EMODs than does the mitochondrion. 

The findings could be used as a basis for drugs or other treatments that protect the body 
from free radicals and perhaps some age-related conditions, Rabinovitch said. I remind 
you that numerous studies with antioxidants have failed to curtail aging, cancer or 
atherosclerosis. 

Short sighted investigators suggest that anything which serves as an antioxidant is 
good and anything which oxidizes something else is bad.  That is just not true.  All 
antioxidants can serve as prooxidants.  The synthesis of thyroxine depends on the 
actions of H2O2 and thyroid peroxidase.  Further, H2O2 is now well recognized as an 
important and widespread second messenger for all aerobic cells. To imply or give 
the false impression that the presence of H2O2 is a bad thing is more 
nonscience/nonsense.   
 
Many molecules are designed to accept and receive electrons as a natural part of 
their reactivity, especially the transitions metals and the heme proteins. 
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3.2.6 Increased CAT and GSH-Px Increase Cancer Rate 
 
Investigators determined whether age- and gender-related changes in lipid peroxidation 
(LPO) were attributable to differences in hepatic antioxidant defense mechanisms of 
aging 1-, 4-, 10-or 18-month-old male and female CBA mice. Specifically, total 
superoxide dismutase (tSOD), glutathione peroxidase (GSH-Px) and catalase (CAT) 
activities were examined. As an indicator of liver oxidative damage, we determined LPO, 
expressed in terms of thiobarbituric acid reactive substances (TBARS). LPO increased 
in both sexes with age. tSOD seems to be a relatively inert antioxidative enzyme in both 
sexes of mice. The main changes in antioxidant capacity of mice liver during aging were 
associated with sex-related CAT and GSH-Px increments observed in males but not in 
females. Surprisingly, more than 60% of 18-month-old males (but none of females) 
which started to appear at 10-months developed hepatic tumors. The results show that 
(1) the increased liver antioxidant capacity of CAT and Gpx in male mice might be a 
sign of oxidative stress; (2) the increase in CAT and Gpx activities in male mice is 
strongly correlated with incidence of hepatic tumors; (3) the significantly increased 
SOD activity in tumor-bearing mice might have induced damage with accumulated 
hydrogen peroxide. (Sverko V, Sobocanec S, Balog T, Marotti T. Age and gender 
differences in antioxidant enzyme activity: potential relationship to liver carcinogenesis 
in male mice.  Biogerontology. 2004;5(4):235-42).  This important study shows that 
increased cancer is “strongly” associated with increased antioxidant enzymes (CAT 
and GSH-Px) and since both of these breakdown H2O2, I interpret this to mean that 
this caused a decreased level of EMODs and thus, “allowed” the manifestation of 
cancer.  The presence of the antioxidant enzymes wiped out the body’s prooxidant 
protection and created a deficiency state of EMODs. 
 
3.2.7 MnSOD Increased in a Direct Relationship with Tumor Grade 
 
The most important cellular protective mechanisms against oxidative stress are 
antioxidant enzymes. Their action is based on decomposal of reactive oxygen species 
(EMODs) and their transformation to H2O2. Within the mitochondria manganese 
superoxide dismutase (MnSOD) affords the major defense against EMODs. Researchers 
investigated tissue sections from 101 breast carcinomas for the 
immunohistochemical expression of MnSOD protein and these results were assessed 
in relation to various clinicopathological parameters, in order to clarify the 
prognostic value of this enzyme. The possible relationship to hormone receptor content, 
anti-apoptotic protein bcl-2, p53 and cell proliferation was also estimated. In this study 
MnSOD increased in a direct relationship with tumor grade and is therefore 
inversely correlated with differentiation (p=0.0004). Furthermore, there was a strong 
positive correlation between MnSOD expression and p53 protein immunoreactivity 
(p=0.0029). These results indicate that neoplastic cells in breast carcinomas retain 
their capability to produce MnSOD and thus protected from the possible cellular 
damage provoked by reactive oxygen species. MnSOD content varies according to the 
degree of differentiation of breast carcinoma (Tsanou E, Ioachim E, Briasoulis E, 
Damala K, Charchanti A, Karavasilis V, Pavlidis N, Agnantis NJ. Immunohistochemical 
expression of superoxide dismutase (MnSOD) anti-oxidant enzyme in invasive breast 
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carcinoma. Histol Histopathol. 2004 Jul;19(3):807-13). Again, I disagree with the 
conclusions of the authors.  I believe that the increase in MnSOD means that 
EMODs (H2O2) has been increased and this creates a hostile environment for tumor 
cells and leads to less differentiated (less cancerous) tumors.  
 
Tocopheryl succinate (TS), a succinyl ester of alpha-tocopherol (alpha-T), has been 
reported to have various biological activities. First, researchers investigated the effect of 
TS on NO production in vascular smooth muscle cells (VSMC) under atherosclerosis-like 
conditions using lipopolysaccharide (LPS) and interferon-gamma (IFN). TS enhanced 
LPS/IFN-dependent NO production, but alpha-T itself did not. The enhancement by TS 
of NO production was inhibited by alpha-T but not by antioxidants such as ascorbic acid 
and 2[3]-t-butyl-4-hydroxyanisole (BHA). Second, they found that TS induced 
apoptosis in VSMC associated with increase in O2

.- generation via NADPH-
dependent oxidase. They observed that a mouse breast cancer cell line C127I was 
more susceptible for TS-induced apoptosis than a mouse breast normal cell line 
NmuMG, and that superoxide dismutase, alpha-T, and BHA inhibited TS-caused 
morphological cell damage in C127I. From these results, O2

.- itself and/or other 
reactive oxygen species are assumed to associate with TS-induced cell toxicity, and 
antioxidative defense systems are supposed to be lowered in cancer cells. They found that 
intravenous injection of TS vesicles completely inhibited the growth of melanoma 
cells B16-F1 inoculated on the back of hairless mice and enhanced their survival 
time (Fukuzawa K, Kogure K, Morita M, Hama S, Manabe S, Tokumura A. 
Enhancement of nitric oxide and superoxide generations by alpha-tocopheryl succinate 
and its apoptotic and anticancer effects. Biochemistry (Mosc). 2004 Jan;69(1):50-7).   
 
3.2.8 Antioxidant Enzymes and Thyroid Cancer   
 
Researchers have reported a decreased expression of glutathione peroxidase (GPx) 
mRNA, an antioxidant enzyme, in thyroid anaplastic carcinomas (Hasegawa Y, Takano 
T, Miyauchi A, Matsuzuka F, Yoshida H, Kuma K, et al. Decreased expression of 
glutathione peroxidase mRNA in thyroid anaplastic carcinoma. Cancer Lett 
2002;182:69–741). Other than GPx, many enzymes, e.g., catalase (CAT), thyroid 

peroxidase (TPO) and superoxide dismutase (SOD), take part in the catalysis of 
EMODs. These antioxidant enzymes protect cell constituents from damage by oxygen 
free radicals and play crucial roles in neoplastic disease (Durak I, Bayram F, Kavutcu M, 
Canbolat O, Ozturk HS. Impaired enzymatic antioxidant defense mechanism in cancerous 
human thyroid tissues. J Endocrinol Invest 1996;19:312–5). 
 
There are two main forms of SOD in mammalian cells: copper and zinc SOD (Cu/Zn-
SOD) is found predominantly in the cytosol and manganese SOD (Mn-SOD) is 
localized in the mitochondria. In several studies, decreased or increased expression of 
CAT, SOD and GPx activities was observed in various kinds of tumors (Lauer C, Volkl 
A, Riedl S, Fahimi HD, Beier K. Impairment of peroxisomal biogenesis in human colon 
carcinoma. Carcinogenesis 1999;20:985–94).  
 
In thyroid, SOD catalyses the removal reaction of superoxide anion with production 
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of hydrogen peroxide, which is used as a substrate by TPO for thyroid hormone 
synthesis and the excess of superoxide which can be harmful for thyroid cells is then 

reduced to H2O and molecular oxygen by the reaction of GPx and CAT enzymes.  
 
Both Cu/Zn-SOD and Mn-SOD enzymes, two main forms of SOD, have the same 
enzymatic function but work in different subcellular compartments. Cu/Zn-SOD is a 
constitutively expressed enzyme, whereas Mn-SOD expression can be induced by 

cytokines and responds to the redox state of the cells. In several studies, the activities of 
these enzymes were measured in various types of cancerous tissues and cells by the 
degree of tumor differentiation. In general, no agreement was obtained among the 
results of the studies. It has been reported that a decreased expression of CAT protein 
level was observed in human hepatocellular tumors and expression of Mn-SOD mRNA 

was decreased in esophageal squamous cell carcinomas during poor differentiation 
(Toh Y, Kuninaka S, Mori M, Oshiro T, Ikeda Y, Nakashima H, et al. Reduced 
expression of manganese superoxide dismutase mRNA may correlate with invasiveness 
in esophageal carcinoma. Oncology 2000;59:223–8), while expression of Cu/Zn-SOD 
mRNA was decreased in human monocytic and promyelotic leukemia cells during 
differentiation (Saito H, Kuroki T, Nose K. Decrease in CuZn-superoxide dismutase 
mRNA level during differentiation of human monocytic and promyelotic leukemia cells. 
FEBS Lett 1989;249:253–6). 

Very little is known about the tissue antioxidant defense in thyroid cancers. CAT 
activities have been reported to be significantly higher in follicular carcinomas, 
compared with those in normal thyroid tissues (Sadani GR, Nadkarni GD. Role of tissue 
antioxidant defense in thyroid cancers. Cancer Lett 1996;109:231–5). In another study, 
Cu/Zn-SOD activities were reported to be significantly lower in follicular adenomas 

and papillary carcinomas compared with those of normal thyroid tissues (Mano T, 
Shinohara R, Iwase K, Kotake M, Hamada M, Uchimura K, et al. Changes in free radical 
scavengers and lipid peroxide in thyroid glands of various thyroid disorders. Horm Metab 
Res 1997;29:351–4).  

Mn-SOD activities were significantly higher in differentiated tumors compared with 
those of normal thyroid tissues (Nishida S, Akai F, Iwasaki H, Hosokawa K, Kusunoki T, 
Suzuki K, et al. Manganese superoxide dismutase content and localization in human 
thyroid tumors. J Pathol 1993;169:341–5). 

Anaplastic carcinoma cells are likely to have no or weak resistance against EMODs, 
because the expression levels of most of the enzymes that are engaged in the defense 
mechanism were decreased. Hydrogen peroxide especially, which shows strong 
cytotoxity, can be easily accumulated in anaplastic cells, since the expression of GPx and 
CAT enzymes that catalyze hydrogen peroxide was greatly decreased.  Please keep 
in mind that many of these tumors are under hypoxic conditions, thus, very few 
EMODs are likely produced in vivo. 

It is assumed that decreased expression of CAT mRNA is critical for anaplastic 
carcinoma cells even though the expression of Mn-SOD mRNA is maintained, because 
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the expression of mRNAs of two other enzymes, TPO and GPx, that catalyze hydrogen 
peroxide is much decreased. Therefore, Hasegawa et al concludes that a molecular-
based treatment, which facilitates the production of excessive oxygen radicals inside 
the anaplastic carcinoma cells, may be one of the promising methods for the 

treatment of this most aggressive and lethal carcinoma (Y Hasegawa, T Takano, A 
Miyauchi, F Matsuzuka, H Yoshida, K Kuma and N Amino. Decreased Expression of 
Catalase mRNA in Thyroid Anaplastic Carcinoma. Japanese Journal of Clinical 
Oncology 33:6-9 (2003).  I have been saying that high levels of EMODs will kill 
cancer and that a high prooxidative state is a very good thing. 

3.2.9 Do EMODs or Drugs Kill Cancer Cells? 

A widely held view is that oncolytic agents induce death of tumor cells directly. 
However, I believe that they are primarily agents which increase the generation of 
EMODS and it is the EMODS which affect the cellular tumor kill.  We have seen this 
with PDT and with my Singlet oxygen cancer therapy system.  Obviously, different 
chemical classes will have different paths of chemical action and some will not involve 
EMODs. 

In this report, the apoptosis-inducing effects of chemotherapeutics, the effects of 
chemotherapeutics on metabolic function, and the consequent effects of metabolic 
function on immune recognition are discussed. Newell et al propose that effective 
chemotherapeutic and/or apoptosis-inducing agents, at concentrations that can be 
achieved physiologically, do not kill tumor cells directly. They suggest that effective 
oncolytic agents only sensitize immunologically altered tumor cells to immune 
recognition and immune-directed cell death. If this “sensitization” is via EMODS, then 
I agree. 

T cell activation requires recognition of antigens associated with MHC molecules and a 
second signal provided by co-stimulation provided by the interaction of molecules 
including B7.1 or B7.2 or Fas (CD95) on the cell being recognized and CD28 or CTLA-4 
or Fas Ligand on the T cell.  

Fas (CD95), Fas is a member of the tumor necrosis receptor (TNFR) family, which 
are EMOD responsive. The cytoplasmic tail of Fas contains a death domain able to 
trigger intracellular caspase cascades that culminate in apoptotic cell death. Fas can 
induce apoptosis when ligated by its cognate ligand (FasL, CD95L) in Fas sensitive cells. 
“Paradoxically,” Fas, like other members of its family, can transduce growth-
enhancing signals as well as death signals.  This is classic as an EMOD 
characteristic. In chemo-sensitive leukemia and solid tumors, anti-cancer drugs have 
been shown to induce apoptosis and for many tumors the pathways involved include, but 
are not limited to, Fas and FasL 

In an attempt to reflect in vitro the concentrations of drugs that can be achieved 
physiologically in vivo, they were surprised to observe that tumor cells from many 
tissue origins were not dead at such concentrations. However, they found (and 
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continue to find with a broad spectrum of agents) that the drugs have several important 
consequences. Their results have shown that chemotherapeutic agents sensitize Fas-
bearing, Fas-insensitive tumors to Fas-susceptibility and Fas-induced death. Keep in 
mind that these tumor cells can be killed directly in vitro by physiological levels of 
EMODs. Consistent with these observations, cross-resistance to Fas/FasL and oncolytic 
agents has been reported. While much of their work has involved Fas and FasL, other 
members of "death inducing" receptor-ligand pairs likely perform similarly in the 
presence of effective oncolytic agents. 

These data indicated that an important mechanism of chemotherapeutic agents may be to 
sensitize tumor cells to immune-directed death. Implied by these results are the 
importance of identifying and preserving (from death by high dose chemotherapy) the 
FasL (or other ligand)-bearing cells to facilitate immunological destruction of drug-
treated tumor cells. 

3.2.10 EMOD Killing of Cancer Cells 

Cancer cells are under intrinsic increased oxidative stress and vulnerable to free 
radical-induced apoptosis. Rotenone, a specific inhibitor of mitochondrial electron 
transport complex I causes partial inhibition of mitochondrial respiration at complex I and 
enhances electron leakage from the transport chain, leading to an increase in O2

.- 
generation and sensitization of the leukemia cells to anticancer agents whose action 
involve free radical generation. As2O3, a clinically active anti-leukemia agent, inhibits 
mitochondrial respiratory function, increases free radical generation, and enhances the 

activity of O2
.- another agent against cultured leukemia cells and primary leukemia cells 

isolated from patients. Interfering with mitochondrial respiration is a novel mechanism by 
which As2O3 increases generation of EMODs, including singlet oxygen. However, 
this is much more complex and dangerous than my singlet oxygen therapeutic 
system. 

When an electron escapes from the mitochondrial electron transport chain, especially at 
complex I or III, it may react with molecular oxygen to form O2

.-. Mitochondria are 
considered the major source of cellular EMODs (Richter, C., Gogvadze, V., Laffranchi, R., 
Schlapbach, R., Schweizer, M., Suter, M., Walter, P., and Yaffee, M. (1995) Biochim. Biophys. 
Acta. 1271, 67–74).  

Although the cell-damaging effect of free radicals has been associated with various 
pathological processes, this may also provide a possibility to kill cancer cells if one could 
preferentially induce EMODs accumulation in the malignant cells with appropriate 

agents. Because cancer cells are in general metabolically active, produce high levels of 
EMODs, and are under intrinsic oxidative stress, the malignant cells are more vulnerable 
to further oxidative stress by exogenous EMODs -generating agents (Toyokuni, S. (1998) 
Biotherapy 11, 147–154) (Hileman, E. O., Achanta, G., and Huang, P. (2001) Expert 
Opin. Ther. Targets 5, 679–710).  
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It has been postulated that when EMODs stress reaches a certain threshold, an 
apoptotic program is triggered to kill the cancer cells. This hypothesis is supported by 
the observations that the anticancer agent 2-methoxyestradiol (2-ME) inhibits the 
eliminating enzyme SOD and causes an accumulation of superoxide radicals  in 
cancer cells, leading to a preferential killing of the malignant cells and an 
enhancement of photodynamic therapy (Huang, P., Feng, L., Oldham, E. A., Keating, 
M. J., and Plunkett, W. (2000) Nature 407, 390–395) (Wood, L., Leese, M. R., Leblond, 
B., Woo, L. W., Ganeshapillai, D., Purohit, A., Reed, M. J., Potter, B. V., and Packham, 
G. (2001) Anticancer Drug Des. 16, 209–215) (Golab, J., Nowis, D., Skrzycki, M., 
Czeczot, H., Baranczyk-Kuzma, A., Wilczynski, G. M., Makowski, M., Mroz, P., Kozar, 
K., Kaminski, R., Jalili, A., Kopec', M., Grzela, T., and Jakobisiak, M. (2003) J. Biol. 
Chem. 278, 407–414). 

In addition to the essential role in ATP synthesis and EMODs metabolism, mitochondria 
also play a critical role in apoptosis. Upon receipt of apoptotic stimuli, either externally or 
internally generated, respective signaling pathways are initiated in the cells and often 
converged upon the mitochondria to promote release of cytochrome c and other 
apoptotic factors to the cytoplasm. This is associated with changes in the mitochondrial 
ultrastructure, membrane permeability, and transmembrane potential. A direct damage to 
the mitochondrial membrane by EMODs also causes a leak of cytochrome c.  

Cytochrome c is normally localized in the mitochondrial intermembrane space and 
is part of the mitochondrial electron transport chain essential for aerobic ATP 
generation. However, once cytochrome c is released into the cytosol, it binds apaf-1 in 
the presence of dATP or ATP and activates procaspase-9, which in turn activates the 

downstream caspases and triggers the apoptotic cascade (Li, P., Nijhawan, D., 
Budihardjo, I., Srinivasula, S. M., Ahmad, M., Alnemri, E. S., and Wang, X. (1997) Cell 
91, 479–489) (Reed, J. C. (1997) Cell 91, 559–562). 

It has long been recognized that cancer cells may have certain alterations in the 
mitochondria, leading to increased glycolysis, even in the presence of normal oxygen 
tension (Warburg, O. (1956) Science 123, 309–314). This "respiration injury" would 
predict a low coupling efficiency of the mitochondrial electron transport and an increased 
likelihood of electron leakage during respiration in the cancer cells, leading to O2

.- radical 
formation and increased oxidative stress.  

Researchers used rotenone, a known inhibitor of the mitochondrial respiratory complex I, 
in combination with the SOD inhibitor 2-ME to test their effect on cellular superoxide 

levels and possible synergistic activity against cancer cells in vitro (H Pelicano, L Feng, Y 
Zhou, J S. Carew, EO. Hileman, W Plunkett, M J. Keating and P Huang. A Novel 
Strategy to enhance drug induced apoptosis in human leukemia cells by a reactive oxygen 
species-mediated menchanism. J. Biol. Chem., Vol. 278, Issue 39, 37832-37839, 
September 26, 2003). 

I have been saying all along that excess EMODs will kill cancer cells, just as has 
been seen in PDT and in my singlet oxygen cancer therapy system. 
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3.3 Sensitizing the Tumor Cells to Drug Induced Immune-Mediated Death 

Fas is expressed on most rapidly dividing cells, including tumor cells, hepatocytes, 
epithelial cells, and lymphocytes (Dhein J, Walczak H, Baumler C, Debatin KM, 
Krammer PH: Autocrine T-cell suicide mediated by APO-1/(Fas/CD95). Nature 1995, 
373:438-440) (French LE, Hahne M, Viard I, Radlgruber G, Zanone R, Becker K, Muller 
C, Tschopp T: Fas and Fas ligand in embryos and adult mice: ligand expression in several 
immune privilege tissues and coexpression in adult tissues characterized by apoptotic cell 
turnover. Journal of Cell Biology 1996, 133(2):335-343).  

Interestingly, tissues that express Fas and yet remain insensitive to Fas-induced 
death (including most dividing, regenerating, and self-renewing cells) exhibit a 
metabolic phenotype characterized by high rate, cytosolic glycolysis. This 
"respiratory deficiency" is the result of a metabolic change in tumor cells that was first 
observed by Warburg in 1926 (Warburg O, Wind F: Uber den Stoffwechsel von 
Tumorim Korper. Klin Woch 1926, 5:829-832). The co-incidence of increased cytosolic 
glycolysis and increased Fas expression on tumor cells (and other dividing cells) 
provided the basis for examining a causal link between Fas expression and the use of 
glucose as a primary, glycolytic source of fuel. Again, I believe that this directly ties in 
with EMOD action. 

The distribution and levels of expression of Fas are altered in response to changing 
concentrations of glucose in many cell lines and in freshly isolated cells from a variety of 
tissues. Limited glucose supplementation is known to enhance proliferation of tumor 
cells and has been used for topical applications to accelerate wound healing in vivo 
(Tanner AG: Successful treatment of chronically infected wounds with sugar paste. 
Eur J Clin Microbiol Infect Disease 1988, 7(4):524-525) (Seal DV, Middleton K: 
Healing of cavity wounds with sugar. Lancet 1991, 8766:571-572).  

Some of their recent results suggest that glucose availability and consequent production 
of intracellular EMODs may regulate the striking change in the results from Fas 
engagement that promotes proliferation to Fas engagement that promotes death. 
Supporting this observation is the recent report that increasing glucose concentrations 
can induce increased free radical production (Nishikawa T, Edelstein D, Du XL, 
Yamagishi SI, Matsumura T, Kanedoa Y, Yorek MA, Beebe D, Oates PJ, Hammes HP, 
Giardano I, Brownlee M: Normalizing mitochondrial superoxide production blocks three 
pathways of hyperglycaemic damage. Nature 2000, 404:787-790). Again, this ties it 
directly to EMOD production. Thus, low glucose levels allow the cancer to continue 
to develop but high levels of glucose produce high levels of EMODs, which kill the 
cancer. 

Increases in EMODs are known to cause Fas engagement to result in cell death 
(Brand KA, Hermfisse U: Aerobic glycolysis by proliferating cells: a protective strategy 
against reactive oxygen species. FASEB J 1997, 11(5):388-95) (Kasahara Y, Iwai K, 
Yachie A, Ohta K, Konno A, Seki H, Miyawaki T, Taniguchi N: Involvement of reactive 
oxygen intermediates in spontaneous and CD95 (Fas/APO-1)-mediated apoptosis of 

Page 144 of 931 



neutrophils. Blood 1997, 89(5):1748-1753) (Stassi G, DeMaria R, Trucco G, Rudert W, 
Testi R, Galluzzo A, Giordano C, Trucco M: Nitric Oxide Primes Pancreatic B cells for 
Fas-mediated Destruction in Insulin-dependent Diabetes Mellitus. Journal of 
Experimental Medicine 1997, 186:1193-1200).  

Drug resistant cells appear to readily utilize the carbons derived from beta oxidation of 
fatty acids and exhibit a consequent loss of cell surface Fas. These observations support 
the notion that Fas expression, EMOD levels and function are intertwined with glucose 
metabolism and the potential for changes in reactive intermediates in tissues or cells 
exhibiting changes in glucose metabolism. It is known that T cells require two signals for 
activation.  

3.3.0   Common Virus, AAV/2, Kills Cancer 

A common virus that is harmless to people can destroy cancerous cells in the body and 
might be developed into a new cancer therapy, U.S. researchers said on 6/21/05.  The 
virus, called adeno-associated virus type 2, or AAV-2, infects an estimated 80 percent of 
the population.  "Our results suggest that adeno-associated virus type 2, which 
infects the majority of the population but has no known ill effects, kills multiple 
types of cancer cells yet has no effect on healthy cells," said Craig Meyers, a professor 
of microbiology and immunology at the Penn State College of Medicine in Pennsylvania. 

"We believe that AAV-2 recognizes that the cancer cells are abnormal and destroys them. 
This suggests that AAV-2 has great potential to be developed as an anti-cancer agent," 
Meyers said in a statement.  He said at a meeting of the American Society for Virology 
that studies have shown women infected with AAV-2 who are also infected with a 
cancer-causing wart virus called HPV develop cervical cancer less frequently than 
uninfected women do. 

AAV-2 is a small virus that cannot replicate itself without the help of another virus. 
But with the help of a second virus it kills cells.  For their study, Meyers and 
colleagues first infected a batch of human cells with HPV, some strains of which cause 
cervical cancer.  They then infected these cells and normal cells with AAV-2.  After six 
days, all the HPV-infected cells died.  The same thing happened with cervical, breast, 
prostate and squamous cell tumor cells.   

All are cancers of the epithelial cells, which include skin cells and other cells that line the 
insides and outsides of organs.  "One of the most compelling findings is that AAV-2 
appears to have no pathologic effects on healthy cells," Meyers said.  "So many cancer 
therapies are as poisonous to healthy cells as they are to cancer cells. A therapy that is 
able to distinguish between healthy and cancer cells could be less difficult to endure for 
those with cancer." 

AAV-2 is being studied intensively as a gene therapy vector -- a virus modified to carry 
disease-correcting genes into the body. Gene therapy researchers favor it because it does 
not seem to cause disease or immune system reaction on its own.  
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I urge extreme caution when dealing with viruses which are to be introduced into 
the human body.  We have a very limited understanding of the complexities of the 
cell and far less understanding and knowledge of viruses. 

3.3.1 Which Immune Cell Can Kill the Tumor Cell? 

The first attempts at cancer immunotherapy were made over 100 years ago on the 
assumption that tumor antigens might be recognized as foreign (Ben-Efraim S: One 
hundred years of cancer immunotherapy: a critical appraisal. Tumor Biology 1999, 20:1-
24). These studies gave rise to animal tumor models using syngeneic tumors, 
spontaneously arising tumors, and xenografts into immunodeficient hosts. The collective 
of these studies resulted in a variety of immunotherapeutic protocols including 
adjuvant therapy, cytokines, NK cell activation, macrophages, and attempts to 
stimulate tumor antigen specific B and/or T cell responses against tumor antigens. Some 
approaches have had partial success, but what has become clear is that tumor cells are, 
by definition, "immunologically privileged" and successfully evade effective 
tumoricidal immune recognition.  

I believe that tumor cells appear as immunologically privileged unless the levels of 
EMODs are raised to a high level as in severe infections or reactions to infections, 
such as seen with Coley’s toxin. At that point, tumor cells are no longer privileged. 

An alternate possibility is suggested by the premise which Prehn has postulated that 
effective chemotherapies may result from suppressing a particular type of immune 
response that supports tumor cell growth (Prehn R: Stimulatory effects of immune 
reactions upon the growth of untransplanted tumors. Cancer Research 1994, 54(4):908-
914). An example of this notion would be T cell-produced cytokines which have been 
reported to support neural regeneration (Schwartz M: T cell mediated neuroprotection is a 
physiological response to central nervous system insults. 
Journal of Molecular Medicine 2001, 78(11):594-597). 

MHC encoded molecules were defined by Peter Gorer and George Snell as surface 
molecules responsible for the rejection of tumor cells between genetically distinct 
members of the same species (Snell G: Studies in Histocompatibility. Science 1981, 
213:172-177). These molecules are also responsible for graft rejection and T cell 
activation. The mechanism for both phenomenons has been attributed to T cell receptor 
recognition and effector functions that occur only when MHC molecules and antigen are 
recognized by the T cell receptor for antigen.  

Cells implicated in tumor cell death include CD4+ T cells, CD8+ T cells, natural killer 
(NK) cells, or more recently, gamma delta (γδ) T cells.  

Newell, et al, suggest that a drug-treated tumor cell is made susceptible by drugs or 
radiation to "death-inducing" receptor/ligand pairs, including, but not limited to, Fas and 
FasL expressed on candidate immune cells, such as CD4+ T cells, CD8+ T cells, gamma 
delta T cells, and NK cells. They propose that selective identification of the immunocytes 
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proliferating in the tumor-bearing lymph node as a key element in personalizing and 
selectively sensitizing an individual's tumor cells to chemo-, radio-, and immunotherapy. 

While the potential of immune-directed cytotoxicity of drug-treated tumor cells may 
provide an important new perspective, the question arises as to how to reconcile this idea 
with the accepted notion that chemotherapy can be immunosuppressive. The key factor in 
resolving this seeming “paradox” may be the dose of the agent or the nature of a given 
chemotherapeutic agent. Clearly, there are cases where drugs at high doses have 
immunosuppressive effects (perhaps by direct cytotoxicity of the immune cells). In 
contrast, decreased doses have recently been shown to be more effective in the clinic. 
Taken together, both views suggest that "less may be more" effective for chemotherapy.  

Considering the potential importance of cells of the immune system in controlling cancer 
growth, with or without chemotherapy, an important question is raised. Should lymph 
nodes, the local "home" to many immune cells, be removed as therapy? Although 
axillary node removal is still a standard regime for treatment of invasive breast cancer, it 
is clear that regional lymph nodes have biological significance for being more than just 
anatomical filters. The regional lymph node is the heart of our immunologic defense 
system and the present routine practice of partial resection of the regional nodes where 
they are easiest to remove undoubtedly has an effect on immunological and physiological 
function. 

Macroscopically involved lymph nodes should possibly be removed for prognosis and for 
the identification of the immune cells involved in tumor recognition, but the routine 
removal of lymph nodes is questioned as noted above by our group and others. It is 
becoming clear that many patients can be spared axillary node dissection without 
adversely affecting outcome (Holmgren L, O'Reilly M, Folkman J: Dormancy of 
micrometastases: Balanced proliferation and apoptosis in the presence of angiogenesis 
suppression. Nature Medicine 1995, 1:149-153).  

Better understanding of the inter-relationships of surgery, tumor cell kinetics, 
chemotherapy, and the host immune responses are needed to develop new paradigms 
(MK Newell, R Melamede, E Villalobos-Menuey, D Swartzendruber, R Trauger, Robert 
E Camley and W Crisp. The effects of chemotherapeutics on cellular metabolism and 
consequent immune recognition. Journal of Immune Based Therapies and Vaccines 2004, 
2:3). 

3.3.2 Diurnal Variations in Pro and Antioxidant Values 
 
The chronome (from chronos, time, and nomos, rule), or time structure, of lipid 
peroxidation and anti-oxidant defense mechanisms may relate to prevention and curative 
chronochemotherapeutic efficacy and management. Newly diagnosed women with 
gynecological malignancies (N = 30), 30-60 years of age, and age-matched clinically 
healthy women (N = 35) provided blood samples every 6 hours for 24 hours under 
standardized conditions. Plasma malondialdehyde (MDA), superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GPx) and glutathione reductase (GR) activities, 
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and serum ascorbate, urate and high-density lipoprotein cholesterol (HDL-C) 
concentrations were determined. Results showed that each variable underwent 
circadian variation (p < or = 0.002). Patients differed from controls by their overall 
chronome-adjusted mean value (MESOR) and by the circadian dynamics in the spectral 
element of their chronome. They concluded that chronomes of putative anti- and pro-
oxidants should be mapped to explore their putative chemotherapeutic role as markers in 
cancer chronoprevention and management of established disease. (Singh R, Singh RK, 
Mahdi AA, Singh RK, Kumar A, Tripathi AK, Rai R, Singh U, Cornelissen G, 
Schwartzkopff O, Halberg F. Circadian periodicity of plasma lipid peroxides and other 
anti-oxidants as putative markers in gynecological malignancies. In Vivo. 2003 Nov-
Dec;17(6):593-600).  I interpret this to mean that diurnal variations occur in all of 
the antioxidant enzymes and in standard products of oxidation.  Thus, this should 
be taken into account in data evaluation and study structure. 
 
3.3.3 Androgens in the Regulation of Redox State in the Prostate 
 
Little is known about the roles of androgens in the regulation of redox state in the 
prostate, a cellular process believed to profoundly influence normal and aberrant prostate 
functions. Researchers have demonstrated that castration induced discrete oxidative 
stress (OS) in the acinar epithelium of rat ventral prostate (VP). Testosterone 
replacement partially reduced OS in VP epithelia of castrates, but the level remained 
higher than in intact rats.  
 
Quantification of steady-state mRNA levels of 14 genes involved in the anabolism and 
catabolism of reactive oxygen species (EMODs) showed that castration resulted in: 
  
-dramatic increases of three ROS-generating NAD(P)H oxidases (Noxs) including 
Nox1, gp91(phox), and Nox4, 
  
-significant reductions of key ROS-detoxifying enzymes (superoxide dismutase 2, 
glutathione peroxidase 1, thioredoxin, and peroxiredoxin 5), 
  
-and unchanged levels of catalase, glutathione reductase, gamma-glutamyl 
transpeptidase, and glutathione synthetase.  
 
These findings indicate androgen-deprivation induces OS in the rat VP. Androgen 
replacement partially reduces OS in rat VP to precastration levels. Expression of Noxs 
remained high amid a broad-based recovery of antioxidant defense mechanism(s). 
These data might have implications on the use of androgen blockade for prostate cancer 
prevention and androgen therapy for andropause treatment in elderly men (Tam NN, Gao 
Y, Leung YK, Ho SM. Androgenic regulation of oxidative stress in the rat prostate: 
involvement of NAD(P)H oxidases and antioxidant defense machinery during prostatic 
involution and regrowth. Am J Pathol. 2003 Dec;163(6):2513-22).   
 
I believe that this data supports my UTOPIA theory, in that it shows that 
testosterone deficiency, through castration, increases EMODs and this is the best 
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treatment for prostate cancer, which has resulted in cases of long term total 
remission of the cancer. Administration of testosterone to the castrated group 
resulted in decreases in EMODs, which would “allow” for continued growth of 
prostate cancer.  Additionally, antioxidant enzymes are restored by testosterone 
administration, which would result in a further deficiency state of EMODs and a 
more favorable environment for cancer survival and growth. 
 
Remember, people with normal hormone levels have more cancer than people who 
are deficient.  The most effective treatment for advanced prostate cancer is 
castration—or the chemical equivalent with testosterone blockers. The prostate is 
highly dependent on testosterone. Even when prostate cancer is far advanced and has 
spread to bones, castration will often bring a near total remission lasting several 
years.  I believe that this hormone data is strong support for my Unified Theory. 
 
3.3.4 Hormones and EMODs 
 
I feel that this data on hormones is very important, thus I am including more modified 
and abstracted data from the Neville, et al paper as follows:  (Neville N. C. Tam, Ying 
Gao, Yuet-Kin Leung and Shuk-Mei Ho. Androgenic Regulation of Oxidative Stress in 
the Rat Prostate:  Involvement of NAD(P)H Oxidases and Antioxidant Defense 
Machinery during Prostatic Involution and Regrowth. American Journal of Pathology. 
2003;163:2513-2522)   
 
Persistent generation of EMODs, such as superoxide, H2O2, and hydroxyl radicals is an 
inevitable consequence of mitochondrial respiration in aerobic organisms. (RMH 
Note:  Actually, I believe that EMODs metabolic production is an inevitable intent 
or purpose of respiration and the ETC.)   
 
It is now known that low levels of EMODs are required in the regulation of a broad 
range of normal cellular responses, including:  

• proliferation and cell survival via oxidative modifications of redox-sensitive 
transcription factors (e.g., AP-1, nuclear factor- B, and HIF-1 )  

• and intermediate signaling molecules (e.g., protein kinase C, and MAP kinases, 
ERK, and JNK).  

 
In contrast, induction of high levels of ROS subjects the cell to a state of oxidative stress 
(OS), which may damage cellular DNA, proteins, and lipids and result in cell-cycle arrest, 
cellular senescence, and cell death.1 Chronic OS has been implicated in:  

• neoplastic transformation  
• and promotion of tumorigenesis  

 
 
Apropos to the development of diseases in the prostate, increased oxidative damage to 
cellular macromolecules has been observed with aging and the development of 
malignancy (Oberley TD, Zhong W, Szweda LI, Oberley LW: Localization of 
antioxidant enzymes and oxidative damage products in normal and malignant prostate 
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epithelium. Prostate 2000, 44:144-155) (Bostwick DG, Alexander EE, Singh R, Shan A, 
Qian J, Santella RM, Oberley LW, Yan T, Zhong W, Jiang X, Oberley TD: Antioxidant 
enzyme expression and reactive oxygen species damage in prostatic intraepithelial 
neoplasia and cancer. Cancer 2000, 89:123-134). 

The degree of OS in a cell is believed to be dependent on the balance between EMODs 
anabolism and catabolism, which I believe is a nearly meaningless concept unless one 
considers the individual redox potential of the agents involved. Although 
mitochondrial respiration is a major source of ROS, superoxide is also produced by a 
family of membrane-bound enzymes known as NAD(P)H oxidases (Noxs). Human 
Nox1, gp91phox (the catalytic subunit of Nox2), Nox3, Nox4, Nox5, and rat Nox1, 
gp91phox, and Nox4 have been cloned. Different Noxs are expressed in different cell types, 
including phagocytes and nonphagocytic cells (Brar SS, Corbin Z, Kennedy TP, 
Hemendinger R, Thornton L, Bommarius B, Arnold RS, Whorton AR, Sturrock AB, 
Huecksteadt TP, Quinn MT, Krenitsky K, Ardie KG, Lambeth JD, Hoidal JR: NOX5 
NAD(P)H oxidase regulates growth and apoptosis in DU 145 prostate cancer cells. Am J 
Physiol 2003, 285:C353-C369) (Lassegue B, Sorescu D, Szocs K, Yin Q, Akers M, 
Zhang Y, Grant SL, Lambeth JD, Griendling KK: Novel gp91(phox) homologues in 
vascular smooth muscle cells: Nox1 mediates angiotensin II-induced superoxide 
formation and redox-sensitive signaling pathways. Circ Res 2001, 88:888-894).  

No information is available on Nox expression in the prostate gland in vivo. Little is 
known about expression of Noxs and their functions in the prostate. Ectopic expression 
of Nox1 in prostate cancer cells enhances growth, tumorigenicity, and angiogenicity 
(Arbiser JL, Petros J, Klafter R, Govindajaran B, McLaughlin ER, Brown LF, Cohen C, 
Moses M, Kilroy S, Arnold RS, Lambeth JD: Reactive oxygen generated by Nox1 
triggers the angiogenic switch. Proc Natl Acad Sci USA 2002, 99:715-720). Whereas, 
down-regulation of Nox5 causes growth arrest and apoptosis.  

Generation of EMOD is by NAD(P)H oxidases (Noxs) and mitochondrial. Superoxide 
anions (O2

-) are produced by a family of Noxs including Nox1, gp91phox, and Nox4. 
Also, mitochondria are believed to be a major source of ROS, which are persistently 
generated as a result of leakage from the mitochondrial respiration.  
 
Allegedly, to cope with EMODs, cells are equipped with multiple antioxidant defense 
mechanisms. The first line of defense against damage by EMODs includes the 
cytosolic SOD1 and mitochondrial SOD2 converting superoxide to H2O2.  H2O2 can 
react in vitro with iron or copper ions (via Fenton reaction, if free transitions metals are 
present) to produce hydroxyl radicals (•OH) that are highly damaging to cellular 
macromolecules. Because accumulation of H2O2 can lead to the production of hydroxyl 
radicals that are highly damaging to cellular macromolecules, all cells are equipped with 
multiple enzymatic pathways for its removal. 
 
GSH-Px1, catalase (CAT), and Prdx5 are involved in removing H2O2 in cells. 
Additionally, glutathione S-transferases such as GST-  are directly responsible for 
elimination of electrophilic oxidants (E) at the expense of glutathione (GSH). 

Page 150 of 931 



 
The second line of cellular antioxidant defense includes:  
-glutathione reductase (GR)  
-glucose-6-phosphate dehydrogenase (G6PDH)  
-γ-glutamyl transpeptidase (GGTP)  
-and glutathione synthetase (GS), plays major interactive roles in the replenishment of 
cellular reducing power and are involved in the regeneration of intracellular reducing 
powers such as GSH and NAD(P)H.  
 
Thioredoxin (Txn), a protein thiol, directly detoxifies EMODs and also serves as an 
electron donor to other antioxidant enzymes including Prdx5.  

3.3.5 Effects of Castration 

Androgens are required for maintaining the homeostasis of cell proliferation and 
apoptosis in the prostate gland. Castration-induced androgen ablation results in 
regression of the prostate with a rapid rate of decline in fresh weight, RNA, DNA, 
and protein content mainly via apoptosis of epithelial cells, cell shrinkage, reduced 
protein synthesis, and secretion (Buttyan R, Shabsigh A, Perlman H, Colombel M: 
Regulation of apoptosis in the prostate gland by androgenic steroids. Trends Endocrinol 
Metab 1999, 10:47-54).  

3.3.6 Effects of Androgen Replacement 

Androgen replacement to castrated animals stimulates regeneration of the prostatic 

epithelium and other cellular and structural components (English HF, Drago JR, Santen 
RJ: Cellular response to androgen depletion and repletion in the rat ventral prostate: 
autoradiography and morphometric analysis. Prostate 1985, 7:41-51). Although prostatic 
involution and regrowth have long been regarded as direct responses to circulating 
androgen levels, recent reports suggest that some cellular events are mediated by 
indirect processes, such as hypoxia (Buttyan R, Shabsigh A, Perlman H, Colombel M: 
Regulation of apoptosis in the prostate gland by androgenic steroids. Trends Endocrinol 
Metab 1999, 10:47-54) (Shabsigh A, Ghafar MA, de la Taille A, Burchardt M, Kaplan 
SA, Anastasiadis AG, Buttyan R: Biomarker analysis demonstrates a hypoxic 
environment in the castrated rat ventral prostate gland. J Cell Biochem 2001, 81:437-444) 
or alterations in the redox state (Pang ST, Dillner K, Wu X, Pousette A, Norstedt G, 
Flores-Morales A: Gene expression profiling of androgen deficiency predicts a pathway 
of prostate apoptosis that involves genes related to oxidative stress. Endocrinology 2002, 
143:4897-4906).  

As men age, the incidence of prostatic diseases increases dramatically (Schulman C, 
Lunenfeld B: The ageing male. World J Urol 2002, 20:4-10). Related issues such as the 
risk associated with androgen replacement therapy for andropause treatment (Stas 
SN, Anastasiadis AG, Fisch H, Benson MC, Shabsigh R: Urologic aspects of andropause. 
Urology 2003, 61:261-266) and the risk/benefit ratio of the use of Finasteride for 
prevention of prostate cancer (Thompson IM, Goodman PJ, Tangen CM, Lucia MS, 
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Miller GJ, Ford LG, Lieber MM, Cespedes RD, Atkins JN, Lippman SM, Carlin SM, 
Ryan A, Szczepanek CM, Crowley JJ, Coltman CA, Jr: The influence of finasteride on 
the development of prostate cancer. N Engl J Med 2003, 349:215-224) continue to grow 
in magnitude in response to patient’s needs.  

EMOD levels may mediate involution and regeneration of the prostatic epithelium of the 

rat. Quantitative polymerase chain reaction (PCR) analyses revealed marked changes in 
expression levels of Noxs and antioxidant defense enzymes, which may explain the 
drastic alterations in EMODs levels in rat VP after castration and testosterone 
replacement. These findings provide direct evidence that androgens regulate EMODs 
balance in the prostate.  

This study provided the first evidence that androgen regulates redox status in vivo in 
the rat VP. This corroborates findings from a single previously published in vitro study 
that reported induction of EMODs in a prostate cancer cell line by androgen (Ripple MO, 
Henry WF, Rago RP, Wilding G: Prooxidant-antioxidant shift induced by androgen 
treatment of human prostate carcinoma cells. J Natl Cancer Inst 1997, 89:40-48). 
Castration clearly induced an elevated pro-oxidant state. Testosterone replacement 
in castrated rats was only partially effective in reducing EMOD levels in the VP of 
the castrates. The extent of oxidative damage in VPs of testosterone-treated castrates was 
still higher than that of intact rats. 

They focused on the metabolic pathways responsible for EMOD anabolism and 
catabolism. Steady-state mRNA levels of all three NAD(P)H oxidases, Nox1, gp91phox 
(Nox2), and Nox4, were significantly up-regulated in the rat VP after castration. 
Concomitantly, expression of several key EMODs detoxification enzymes/scavengers, 
SOD2, Gpx1, Txn, and Prdx5 declined whereas transcripts levels of catalase, GR, GGTP, 
and GS remained unchanged in the VPs of castrated rats.  

Because Noxs are responsible for generating superoxide and SOD2 responsible for its 
removal, whereas Gpx1, Txn, and Prdx5 are intimately linked to the removal of H2O2, 
alterations in the expression of these genes, collectively, are expected to result in 
accumulation of EMODs, leading to a higher pro-oxidant state in the VPs of castrated 
rats. This is all consistent with my Unified Theory, in that deficiency levels “allow” 
cancer manifestation and increased levels of EMODs kill cancer. In these studies, the 
body responds to castration by increasing EMODs production and by decreasing 
antioxidant enzymes. 

Testosterone replacement in castrated rats caused a complete restoration of 
expression of SOD2, Gpx1, Txn, and Prdx5 mRNA to levels found in intact rats. 
However, expression of the Nox genes, although much reduced when compared with 
levels in castrates, were still significantly higher than those found in intact rats. 
Interestingly, although levels of mRNA expression of catalase, GR, GGTP, and GS were 

not changed by castration, they were significantly elevated when androgen was replaced 
in castrated rats.  
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Evidence has demonstrated that EMODs, using H2O2, evokes apoptosis and 
proliferation. In culture, proliferating cells exhibit a broad spectrum of responses to 
graded levels of oxidants. A very low level of H2O2 (3 to 15 µmol/L) causes a 
significant mitogenic response; whereas, higher levels of H2O2 (120 to 400 µmol/L) 
results in a growth-arrested state, whereas a further increase of H2O2 to 1 mmol/L 
triggers apoptosis. Extrapolated from cell culture data, these findings thus support the 
hypothesis that different levels of EMODs may contribute to cell death, as well as to cell 
growth, in vivo. Specifically, 8-OHdG and 4-HNE protein adducts were found to be 
highly expressed in the regressing VP epithelia, with the frequent association of these 
markers with apoptotic cells, suggesting a possible causal relationship between 
EMODs and apoptosis.  

EMOD-mediated apoptosis has been demonstrated in a variety of biological systems, 
including brain-derived neurotrophic factor- or zinc-induced neuronal cell death, anti-
cancer drug-induced apoptosis (Mizutani H, Tada-Oikawa S, Hiraku Y, Oikawa S, 
Kojima M, Kawanishi S: Mechanism of apoptosis induced by a new topoisomerase 
inhibitor through the generation of hydrogen peroxide. J Biol Chem 2002, 277:30684-
30689), and hyperoxia- or vanadium-induced pulmonary apoptosis (Wang L, Medan D, 
Mercer R, Overmiller D, Leornard S, Castranova V, Shi X, Ding M, Huang C, 
Rojanasakul Y: Vanadium-induced apoptosis and pulmonary inflammation in mice: role 
of reactive oxygen species. J Cell Physiol 2003, 195:99-107).  

Previous reports have revealed that low concentrations of oxidants are effective in 
stimulating the growth of fibroblasts in cultures. Treatment of hepatoma cells with low 
concentrations of ROS in vitro induces proliferation through the phosphatidylinositol 3-
kinase/Akt pathway (Shi DY, Deng YR, Liu SL, Zhang YD, Wei L: Redox stress 
regulates cell proliferation and apoptosis of human hepatoma through Akt protein 
phosphorylation. FEBS Lett 2003, 542:60-64). After the testosterone-treatment of 
castrated rats, they observed evidence of continued elevation of EMODs at moderate 
levels in the regenerating VP, suggesting a plausible role for low levels of EMODs in the 

regulation of cell proliferation, differentiation, and/or tissue remodeling in the gland. 

Castration and androgen replacement had minimal effects on the levels of EMODs 
markers in the ducts but distinctly regulated those in the acini. These findings indicate 
differential regulation of EMODs in ducts versus that in acini by circulating androgen. 
Previous studies have reported that prostatic ducts are markedly different from acini with 

regard to morphology, hormonal responsiveness, proliferation, apoptosis, 
stromal/epithelial cell ratio, and composition of the extracellular matrix. Thus, 
constitutively high levels of EMODs found in the ductal regions may explain the reported 
high susceptibility of tumor development from prostatic ducts in hormone-treated 
Noble rats (Bosland MC, Ford H, Horton L: Induction at high incidence of ductal 
prostate adenocarcinomas in NBL/Cr and Sprague-Dawley Hsd:SD rats treated with a 
combination of testosterone and estradiol-17 beta or diethylstilbestrol. Carcinogenesis 
1995, 16:1311-1317) (Tam NN, Chung SS, Lee DT, Wong YC: Aberrant expression of 
hepatocyte growth factor and its receptor, c-Met, during sex hormone-induced prostatic 
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carcinogenesis in the Noble rat. Carcinogenesis 2000, 21:2183-2191). It is currently 
unknown why ductal epithelia express such a high level of OS constitutively. 

NAD(P)H oxidases are directly involved in the production of superoxide, a first step 
in the oxidant anabolism pathway. It has been demonstrated that protein kinase C 
mediates the regulation of gene expression for NAD(P)H oxidases by angiotensin II 
in vascular smooth muscle cells and by zinc in neuronal cells. Serum, platelet-
derived growth factor, and prostaglandin F2  cause alterations in gene expression of
NAD(P)H oxidases in vascular smooth muscle cells. Results of this study clearly 
demonstrate that expression of NAD(P)H oxidases in rat VP is dependent on the 
androgen status of the animal.

 

 

  

A previous study failed to show regulation of superoxide production by testosterone in 

macrophages (Mohan PF, Jacobson MS: Inhibition of macrophage superoxide generation 
by dehydroepiandrosterone. Am J Med Sci 1993, 306:10-15). These findings suggest that 

androgenic regulation of NAD(P)H oxidases may be indirect. It has been documented 
that migrating macrophages phagocytosing apoptotic bodies appeared in rat VPs 2 days 
after castration. Leukocyte infiltration has been reported in the prostates of castrated 
mice (Sinha AA, Bentley MD, Pomroy FE, Jr, Jamuar MP: Freeze-fracture, 
ultrastructural and autoradiographic analysis of the ventral prostate glands in castrated 
mice. Cell Tissue Res 1981, 215:547-561) and in localized prostate cancer after 
androgen ablation therapy in humans (Mercader M, Bodner BK, Moser MT, Kwon 
PS, Park ES, Manecke RG, Ellis TM, Wojcik EM, Yang D, Flanigan RC, Waters WB, 
Kast WM, Kwon ED: T cell infiltration of the prostate induced by androgen withdrawal 
in patients with prostate cancer. Proc Natl Acad Sci USA 2001, 98:14565-14570).  

Evidence is emerging to suggest that different Nox enzymes are regulated 
differentially and have different biological outcomes in a cell or a tissue. In human 
prostate cancer cells, overexpression of Nox1 increases tumorigenicity and anti-sense 
inhibition of Nox5 suppresses proliferation and triggers apoptosis, whereas down-
regulation of gp91phox does not have any impacts on cell growth and survival/apoptosis. 
In vascular smooth muscle cells, Nox1 and Nox4 exhibited opposing responses to the 
same inducing agents. In the present study, androgenic regulation of gp91phox and Nox4 
stand in contrast to that of Nox1, suggesting that they may be regulated by dissimilar 

mechanisms and may play nonredundant roles in the control of ROS anabolism in the rat 
VP. 

These researchers could classify the antioxidant defense enzymes and EMOD 
scavengers that we studied in the rat VP into three categories, according to their 
responsiveness to androgen withdrawal and resupplementation. The first group of VP 
genes includes SOD2, Gpx1, Txn, and Prdx5. These genes are most likely regulated by 
androgen directly; their expression declines on androgen withdrawal and rebounds to 
precastration levels on testosterone replacement. SOD2, also termed MnSOD, catalyzes 
the dismutation of superoxide into H2O2 in the mitochondria. Gpx1 and Prdx5 convert 
H2O2

 into H2O, thus preventing accumulation of the peroxide and its possible metabolic 
activation to hydroxyl radicals. Txn plays an essential role in eliminating ROS by acting 
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as an electron donor to a number of antioxidant enzymes, including those in the 
peroxiredoxin family.  

The second set of VP genes, including CAT, GR, GGTP, and GS, are insensitive to 
androgen withdrawal but are significantly up-regulated on testosterone replacement 
in castrated animals. Interestingly, this set of genes, except for catalase, are more 
distantly related to the removal of ROS but closely associated with replenishment of 
GSH.  

Specifically, GR is involved in the regeneration of GSH from its disulfide (GSSG) in 
GSH salvage whereas GGTP and GS play a critical role in de novo GSH synthesis. 
Androgen-treatment induces GGTP gene expression and enzyme activity in a human 
prostate cancer cell line.  

The third set of genes, including SOD1 (also termed CuZn SOD), GST- , and G6PDH, 
showed no response to changes in the androgenic status of the rats. Androgens regulate 
the expression of mitochondrial SOD2 but not the cytosolic SOD1.  

Recently, vascular endothelial cells were shown to play an important role in mediating 
the castration-induced regression in the prostate. Degeneration and constriction of the 
vascular system in the prostate were found to be early events after castration, leading to 
reduced oxygen tension in prostate epithelial cells and activation of hypoxia- and stress-
signaling pathways.  

Oxygen deprivation alone and combined oxygen and glucose deprivation induce 
EMOD production in microvasculature and neurons (Steiner DR, Gonzalez NC, 
Wood JG: Interaction between reactive oxygen species and nitric oxide in the 
microvascular response to systemic hypoxia. J Appl Physiol 2002, 93:1411-1418) 
(Almeida A, Delgado-Esteban M, Bolanos JP, Medina JM: Oxygen and glucose 
deprivation induces mitochondrial dysfunction and oxidative stress in neurones but not in 
astrocytes in primary culture. J Neurochem 2002, 81:207-217). Perhaps castration 

induces a hypoxic environment in the regressing prostate that leads directly or indirectly 
to elevation of OS in this gland. In a positive-feedback manner, increased OS in prostatic 
epithelium may, in turn, inflict additional oxidative damages to the vasculature and 
produce a vicious cycle of hypoxia- and OS-driven events that lead to a rapid involution 
of rat VP after castration. 

This data suggest that normal physiological levels of androgen maintain a homeostasis 
between cellular pro-oxidant and antioxidant contents, as well as a balance between 
cell death and proliferation in the prostate. When normal androgenic status is 
disrupted, such as under the condition of castration-induced deprivation, EMODs 
are increased in the prostate via up-regulation of Nox-dependent ROS anabolism 
and down-regulation of a number of key antioxidant enzymes/ EMOD scavengers. 
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All of these factors help to increase EMODs, which will control neoplastic growth, 
and thus, it has been found that castration is the best treatment for prostatic cancer.  
This data strongly supports my Unified theory. 

This study provides the interrelationship between androgen status and redox 
homeostasis in the prostate. Pathogenesis of prostatic diseases, such as benign 
prostatic hyperplasia, prostate cancer, and prostatitis, are allegedly caused by 
oxidative damages of cellular macromolecules in the human prostate. Use of 
androgen replacement therapy should be very cautiously increased in our aging male 
population. It is possible that long-term use of testosterone may decrease prostatic 
EMOD levels and raise the likelihood of tumor initiation and promotion.  

This data may relate to the results from the Finasteride Prostate Cancer Prevention Trial, 
which demonstrated that androgen-blockade at the cellular level lowers prostate 
cancer risk but increases the prevalence of high-grade cancers (Thompson IM, Goodman 
PJ, Tangen CM, Lucia MS, Miller GJ, Ford LG, Lieber MM, Cespedes RD, Atkins JN, 
Lippman SM, Carlin SM, Ryan A, Szczepanek CM, Crowley JJ, Coltman CA, Jr: The 
influence of finasteride on the development of prostate cancer. N Engl J Med 2003, 
349:215-224).  

3.4 Catalase (CAT) 

Some of the following material was excerpted, abstracted or modified from:  (Y-S Ho, Y 
Xiong, W Ma, A Spector, and D S Ho. Mice Lacking Catalase Develop Normally but 
Show Differential Sensitivity to Oxidant Tissue Injury. J. Biol. Chem., Vol. 279, Issue 
31, 32804-32812, July 30, 2004). 

Catalase reportedly plays a major role in cellular antioxidant defense by decomposing 
hydrogen peroxide, thereby preventing the generation of hydroxyl radical by the Fenton 
reaction. The degree of catalase deficiency in acatalasemic and hypocatalasemic mice 
varies from tissue to tissue and may not be suitable for studying the function of this 
enzyme in certain models of oxidant-mediated tissue injury.  

Homozygous CAT knockout mice, which are completely deficient in catalase 

expression, develop normally and show no gross abnormalities. This fact should allay 
any misgivings regarding the harmful nature of H2O2.  

Slices of liver and lung and lenses from the knockout mice exhibited a retarded rate in 
decomposing extracellular hydrogen peroxide compared with those of wild-type 
mice. However, mice deficient in catalase were not more vulnerable to hyperoxia-
induced lung injury; nor did their lenses show any increased susceptibility to 
oxidative stress generated by photochemical reaction, suggesting that the 
antioxidant function of catalase in these two models of oxidant injury is negligible.  

This further supports my Unified Theory, in that, EMODs are not basically toxic 
and it is their absence, which “allows” development of cataracts, cancer and 
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atherosclerosis.  This acatalasemia study shows that excess H2O2 is not causative of 
cataracts, ischemia/reperfusion injury or any of the other diseases attributed to 
EMODs, since these animals live normal lives. 

Further studies showed that cortical injury from physical impact caused a significant 
decrease in NAD-linked electron transfer activities and energy coupling capacities in 
brain mitochondria of Cat knockout mice but not wild-type mice. The observed 
decrease in efficiency of mitochondrial respiration may be a direct result of an increase in 
mitochondrion-associated calcium, which is secondary to the increased oxidative stress. 
These studies suggest that the role of catalase in antioxidant defense is dependent on 
the type of tissue and the model of oxidant-mediated tissue injury. 

Catalase (EC 1.11.1.6 [EC] ; H2O2 oxidoreductase) is a heme-containing 

homotetrameric protein (for a review, see Ref. 1). Catalase can decompose hydrogen 
peroxide (H2O2) in reactions catalyzed by two different modes of enzymatic activity: the 
catalatic mode of activity (2H2O2 O2 + 2H2O) and the peroxidatic mode of activity 
(H2O2 + AH2 A + 2H2O). Although several substrates such as methanol and ethanol 
can be oxidized by the peroxidation reaction, the physiological significance of this 
catalase function is not understood. Decomposition of H2O2 by the catalytic activity of 
catalase follows the fashion of a first-order reaction, and its rate is dependent on the 
concentration of H2O2. In fact, catalase belongs to the group of enzymes that catalyze 
reactions at a rate near kinetic perfection; the reaction rate is only limited by the rate at 
which the enzyme collides with the substrate.  

3.4.1 Catalase Regenerates Oxygen 

Catalase is ubiquitously present in all prokaryotes and eukaryotes. With the 
exception of erythrocytes, it is predominantly located in peroxisomes of all types of 
mammalian cells where H2O2 is generated by various oxidases (Bosch, V. D. H., 
Schutgens, R. B. H., Wanders, R. J. A., and Tager, J. M. (1992) Annu. Rev. Biochem. 61, 
157-197). However, a certain amount of catalase has also been found in mitochondria of 
rat heart (Radi, R., Turrens, J. F., Chang, L. Y., Bush, K. M., Crapo, J. D., and Freeman, 
B. A. (1991) J. Biol. Chem. 266, 22028-22034).  

Since H2O2 serves as a substrate for Fenton reaction to generate the highly reactive 
hydroxyl radical, catalase is believed to play a role in cellular antioxidant defense 
mechanisms by limiting the accumulation of H2O2.  However, I believe that catalase 
also functions to regenerate O2 during the decomposition of H2O2 and 
simultaneously avoids the formation of the hydroxyl radicals.   

The role of catalase in defending cells and tissues against oxidative stress has been 
studied extensively. However, as can now be seen, catalase is not needed to defend 
the cell against H2O2 injury.  This may be due to a lack of actual damaging effects of 
H2O2 or to the fact that other H2O2 decomposing enzymes, such as GSH-Px, can 
accommodate H2O2 destruction. 
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Overexpression of catalase renders cells more resistant to toxicity of H2O2 and oxidant-
mediated injury from exposure to hyperoxia (Yoo, J. H., Erzurum, S. C., Hay, J. G., 
Lemarchand, P., and Crystal, R. G. (1994) J. Clin. Invest. 93, 297-302). In addition, 
transgenic mice overexpressing catalase are protected against myocardial injury 
following administration of adriamycin and development of hypertension from 
treatment with norepinephrine or angiotensin (Yang, H., Shi. M. J., Van Remmen, H., 
Chen, X. L., Vijg, J., Richardson, A., and Guo, Z. M. (2003) Am. J. Hypertens. 16, 1-5).  

Yet, no catalase-mediated protection for the heart against adriamycin toxicity is 
evident in certain lines of transgenic mice in which catalase is extensively 
overexpressed (Kang, Y. J., Chen, Y., and Epstein, P. N. (1996) J. Biol. Chem. 271, 
12610-12616). Furthermore, mouse L cells and rat aortic smooth muscle cells 
overexpressing catalase display heightened oxidant sensitivity and retarded growth 
with increased cell death, respectively, compared with the corresponding parental cells 
(Brown, M. R., Miller, F. J., Jr., Li, W. G., Ellingson, A. N., Mozena, J. D., Chatterjee, 
P., Engelhardt, J. F., Zwacka, R. M., Oberley, L. W., Fang, X., Spector, A. A., and 
Weintraub, N. L. (1999) Circ. Res. 85, 524-533). I interpret this to mean that removal 
of too much H2O2 is a bad thing. 

3.4.2 Catalase Deficiency in Humans 

Catalase deficiency in humans was first documented by Dr. Takahara in 1946 
(Takahara, S., and Miyamoto, H. (1948) Jpn. J. Otol. 51, 163-164). Japanese 
acatalasemic patients are phenotypically normal with the exception of an increased 
tendency in development of progressive oral gangrene, presumably as a result of tissue 

damage from H2O2 produced by peroxide-generating bacteria such as streptococci and 
pneumococci as well as by the phagocytic cells at the sites of bacterial infection (Eaton, J. 
W., and Ma, M. (1995) in The Metabolic and Molecular Bases of Inherited Disease 
(Scriver, C. R., Beaudet, A. L., Sly, W. S., and Valle, D., eds) pp. 2371-2383, McGraw-
Hill Inc., New York).  

In addition, several independent lines of mutant mice with decreased blood catalase 
activity were initially discovered by Feinstein and colleagues from the progeny of x-ray-
irradiated mice (18). The catalase activities in blood of acatalasemic (Csb) and 
hypocatalasemic (Csc) mice are 1.1-2.4 and 16-20% of that of wild-type mice, 
respectively (18, 19). Missense mutations in the catalase gene of these mice leading to 
amino acid substitutions (Q11H in acatalasaemic mice and N439S in hypocatalasemic 
mice) are believed to contribute to the observed decreases in catalase activity.  

3.4.3 Catalase Deficiency in Mice 

The tissues of acatalasaemic mice apparently express normal levels of catalase 
mRNA compared with those of wild-type mice. However, the severity of catalase 
deficiency in these mice varies from tissue to tissue.  
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In addition, although tissues of catalase knockout mice show a retarded rate in 
consuming extracellular H2O2, the mice are not more susceptible to hyperoxia-
induced lung injury and lens damage from oxidative stress generated by 
photochemical reaction compared with wild-type mice. However, brain mitochondria of 

these mice are more vulnerable to trauma-induced impairment in oxidative 
phosphorylation than those of wild-type mice.  

Although catalase is among the first isolated and characterized enzymes, its role in vivo 
under normal physiological conditions and in the pathogenesis of oxidant-mediated 
diseases remains poorly understood. These acatalasaemic mice are phenotypically 
normal and, unlike human patients, have no clinical manifestations of acatalasemia. 
However, mice deficient in catalase show differential sensitivity to models of oxidant-
mediated tissue injury; whereas their lungs and lenses are equally oxidant-tolerant as 
those of wild-type mice, their brain mitochondria are more susceptible to trauma-induced 
impairment in oxidative phosphorylation. 

Every collision between H2O2 and catalase is productive. This understanding suggests 
that removal of H2O2

 by catalase is extremely efficient at relatively high 
concentrations of H2O2, and the rate is proportional to the levels of H2O2

 and catalase in 
the cells. Complete disposal of H2O2 requires the interaction of two molecules of H2O2 
with a single heme group in the active site of catalase. The chance for this reaction to 
occur is greatly limited at very low concentrations of H2O2 in the cells. 

In the absence of a second reactive H2O2, compound I can oxidize alcohols such as 
methanol and ethanol by the peroxidation reaction, suggesting that the peroxidative 
activity of catalase may prevail at relatively low concentrations of H2O2. However, this 
reaction may also be limited by the cellular concentrations of alcohols. Thus, it is 
generally believed that Gpx, which exhibits a low Km for H2O2 (8.8-22.6 µM at 2 mM 
of GSH), plays a major role in removing H2O2 at relatively low concentrations of 
H2O2 in the cells, whereas catalase is more effective at high concentrations of H2O2 
(Makino, N., Mochizuki, Y., Bannai, S., and Sugita, Y. (1994) J. Biol. Chem. 269, 1020-
1025).  

The studies by Mueller and colleagues showed that catalase is responsible for removing 
more than 90% of H2O2 in erythrocytes even at very low concentration of H2O2, 10-7 
M, suggesting that catalase may still play a major role in decomposing H2O2 at certain 
physiological concentrations of H2O2 in tissues (10-10 to 10-7 M) (Mueller, S., Riedel, H.-
D., and Stremmel, W. (1997) Blood 90, 4973-4978). 

Studies on the decay of extracellular H2O2 by lung and liver slices of Cat+/+, Cat+/-, and 
Cat-/- mice provide some insights into the function of catalase in the disposal of H2O2. 
The rates of H2O2 degradation by lung and liver slices at a high concentration (300 µM) 
of H2O2 are proportional to the tissue levels of catalase. However, at lower concentrations 

of H2O2 (10 and 40 µM) lung slices of Cat+/- and Cat-/- mice remove H2O2 at the same 
rate, which is slower than that of Cat+/+ mice. It seems that in tissues expressing low 
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levels of catalase, such as the lungs, the low concentrations of H2O2 limit its 
availability to the enzyme.  

Thus, H2O2 is predominantly degraded by other enzymatic (such as Gpx and 
peroxiredoxins) and nonenzymatic (such as GSH) antioxidant systems, and the 

residual catalase activity in Cat+/- mice does not significantly contribute to the 
detoxification process.  

Since brain exhibits the least catalase activity in all tissues studied, the levels of H2O2 in 
cells and tissues under oxidative stress as a result of different pathological conditions are 
not understood and may not exceed 10 µM.  

H2O2 may be degraded predominately by Gpx and peroxiredoxins using the reducing 
equivalents of GSH and thioredoxin, respectively, in low H2O2 concentrations. Since 
recycling of oxidized GSH and thioredoxin consumes NADPH, the cellular levels of 
NADPH and its synthesis may represent the rate-limiting factors for H2O2 consumption 
by catalase-deficient tissues. 

Red blood cells are believed to be constantly under oxidative stress due to high 
oxygen tension and generation of EMODs by autoxidation of oxyhemoglobin. Hence, 
the enzymes CuZn-SOD, catalase, and Gpx1, which are highly expressed in these cells, 
are considered to be protective.  

However, mice deficient in either catalase or Gpx1 show a normal hematological 
profile, suggesting that the role of these two enzymes in limiting EMOD-induced damage 

in erythrocytes under normal physiological conditions is negligible.  

Studies show that mice deficient in peroxiredoxin I or II (Prdx1 or Prdx2, 
respectively) develop hemolytic anemia in association with extensive protein oxidation 
in erythrocytes (Neumann, C. A., Krause, D. S., Carman, C. V., Das, S., Dubey, D. P., 
Abraham, J. L., Bronson, R. T., Fujiwara, Y., Orkin, S. H., and Van Etten, R. A. (2003) 
Nature 424, 561-565). Whether Prdx1 and Prdx2 serve as the primary enzymes for 
removing H2O2 or function to protect specific target proteins through protein-protein 
interactions in erythrocytes remains to be investigated. 

Interestingly, catalase-deficient tissues also exhibit a reasonable H2O2 removal capacity, 
presumably from other cellular enzymatic and nonenzymatic antioxidant systems. Since 
catalase competes with these cellular H2O2-removing systems in disposal of H2O2, its 
function in antioxidant defense may vary from tissue to tissue and depend on the levels of 
its expression and the cellular concentrations of H2O2.  
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3.4.4 H2O2 Modulates Vascular Smooth Muscle Cell Survivability and 
Proliferation 

The role of EMODs, such as superoxide anions (O2·-) and hydrogen peroxide (H2O2), in 
modulating vascular smooth muscle cell proliferation and viability is controversial. To 
investigate the role of endogenously produced H2O2, rat aortic smooth muscle cells were 
infected with adenoviral vectors containing cDNA for human catalase (AdCat) or a 
control gene, ß-galactosidase (AdLacZ). These findings indicate that overexpression of 
catalase inhibited smooth muscle proliferation while increasing the rate of apoptosis, 
possibly through a COX-2–dependent mechanism. These results suggest that 
endogenously produced H2O2 importantly modulates survival and proliferation of 
vascular smooth muscle cells (M R Brown, F J Miller, Jr, et al. Overexpression of 
Human Catalase Inhibits Proliferation and Promotes Apoptosis in Vascular Smooth 
Muscle Cells. Circulation Research. 1999;85:524-533). 

Proliferation of vascular smooth muscle cells is an important contributing factor in the 
pathophysiology of hypertension and atherosclerosis, as well as in coronary artery 
restenosis after angioplasty and stent placement. However, the factors that induce 
proliferation of vascular smooth muscle cells, which normally exist in the arterial wall in 
a state of quiescence, are unknown.  

Recently, it has been reported that EMODs, such as superoxide anions (O2·-) and 
hydrogen peroxide (H2O2), are capable of stimulating vascular smooth muscle cell 
proliferation. These oxidants were shown to be rapidly produced by smooth muscle 
cells after exposure to platelet-derived growth factor or angiotensin II, factors that 
stimulate smooth muscle cell growth (Sundaresan M, Yu XZ, Victor JF, Irani K, Finkel 
T. Requirement for generation of H2O2 for platelet-derived growth factor signal 
transduction. Science. 1995;270:297–299).  

The production of reactive oxygen species in the blood vessel wall is enhanced in 
experimental models of hypercholesterolemia, hypertension, diabetes, and balloon 

injury to the coronary arteries. Moreover, in angiotensin II–induced hypertension, 
excess free radical production was predominantly localized to the media.  

The molecular mechanisms whereby H2O2 prevents vascular smooth muscle cells from 
becoming apoptotic remain to be determined. While the findings of some studies indicate 
that H2O2 stimulates smooth muscle cell proliferation, reports by other groups indicate 
that H2O2 can also induce apoptosis and/or promote vascular smooth muscle cell death. 
These studies collectively suggest that under certain conditions, H2O2 can promote either 
vascular smooth muscle cell proliferation or cell death, a paradox that underscores the 
importance of this reactive oxygen species to smooth muscle cell function. 

This is no paradox if one considers the secondary messenger activity of H2O2. 
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3.4.5 Glutathione Peroxidase (Gpx) 

Some of the following material was excerpted, abstracted or modified from:  (Q Ran, H 
Liang, M Gu, W Qi, C A. Walter, L. J. Roberts, II, B Herman, A Richardson, and H Van 
Remmen. Transgenic Mice Overexpressing Glutathione Peroxidase 4 Are Protected 
against Oxidative Stress-induced Apoptosis. J. Biol. Chem., Vol. 279, Issue 53, 55137-
55146, December 31, 2004),  

Glutathione peroxidase 4 (Gpx4) is uniquely involved in the detoxification of oxidative 
damage to membrane lipids. Previous studies showed that Gpx4 is essential for mouse 
survival and that Gpx4 deficiency makes cells vulnerable to oxidative injury. 
Investigators generated two lines of transgenic mice overexpressing Gpx4 (Tg(GPX4) 
mice) using a genomic clone containing the human GPX4 gene. Both lines of Tg-(GPX4) 
mice, Tg5 and Tg6, had elevated levels of Gpx4 (mRNA and protein) in all tissues 

investigated, and overexpression of Gpx4 did not cause alterations in activities of 
glutathione peroxidase 1, catalase, Cu/Zn superoxide dismutase, and manganese 
superoxide dismutase. The human GPX4 transgene rescued the lethal phenotype of null 
mutation of the mouse Gpx4 gene, indicating that the transgene can replace the essential 
role of mouse Gpx4 in mouse development. Cell death induced by t-butylhydroperoxide 
and diquat was significantly less in murine embryonic fibroblasts from Tg(GPX4) mice 
compared with wild type mice. Liver damage and lipid peroxidation induced by diquat 
were reduced significantly in Tg(GPX4) mice. In addition, diquat-induced apoptosis was 
decreased in Tg(GPX4) mice, as evidenced by attenuated caspase-3 activation and 
reduced cytochrome c release from mitochondria. These data demonstrate that Gpx4 

plays a role in vivo in the mechanism of apoptosis induced by oxidative stress that 
most likely occurs through oxidative damage to mitochondrial phospholipids such as 
cardiolipin. 

EMODs, such as superoxide and hydrogen peroxide, are constantly generated in aerobic 
organisms during normal respiration. In addition, environmental factors (such as ionizing 
radiation) and pathological compounds (such as -amyloid in Alzheimer's disease) can 
generate EMODs. Although EMODs at physiological concentrations may be required for 
normal cell function, excessive production of EMODs may be detrimental to cells, 
because EMODs can cause oxidative damage to lipids, protein, and DNA. 
Polyunsaturated fatty acids, which are found predominantly in cellular membranes, are 
especially vulnerable to attack by EMODs in vitro because of the high concentration of 
allylic hydrogens in their structure.  

3.4.6 Lipid Peroxides Generate H2O2 in Peroxisomes 

The resulting lipid hydroperoxides can affect membrane fluidity and the function of 
membrane proteins. In addition, lipid hydroperoxides can undergo iron-mediated, one-
electron reduction and oxygenation to form epoxyallylic peroxyl radicals, which trigger a 
chain reaction of free radical-mediated lipid peroxidation. The end-products of lipid 
peroxidation are reactive aldehydes such as 4-hydroxyl nonenal and malondialdehyde, 
many of which are highly toxic to cells. In addition, reactive aldehydes generated by lipid 
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peroxidation can attack other cellular targets, such as proteins and DNA. Because lipid 

hydroperoxides formed in membranes are important components of EMODs generation 
in vivo, their detoxification appears to be critical in the survival of an organism to 
oxidative stress. However, others have found that lipid peroxides may be metabolized 
by peroxisomes and generate H2O2. 

Superoxide dismutases (Cu/Zn-SOD and Mn-SOD) scavenge the superoxide radicals, 
converting them into hydrogen peroxide and oxygen, whereas catalase and the glutathione 
peroxidases convert hydrogen peroxide to water and oxygen. The glutathione peroxidases 
are a group of selenoproteins that catalyze the reduction of peroxides generated by ROS 
at the expense of glutathione.  

Four selenoprotein glutathione peroxidases have been identified in mammalian systems: 
glutathione peroxidase 1 (Gpx1) was the first mammalian selenoprotein to be identified 

and is the most abundant glutathione peroxidase; glutathione peroxidase 2 (Gpx2) is a 
glutathione peroxidase expressed in the gastrointestinal tract; glutathione peroxidase 3 
(Gpx3) is a plasma form of glutathione peroxidase; and glutathione peroxidase 4 (Gpx4) 
is a membrane-associated glutathione peroxidase that is also called phospholipid 
hydroperoxide glutathione peroxidase. Recently, a new glutathione peroxidase, Gpx6, 
has been identified, but its cellular role and significance are not clear. 

Among the glutathione peroxidases, Gpx4 is unique in several ways. First, in addition to 
the common substrates (hydrogen peroxide and alkyl peroxides) reduced by all 
glutathione peroxidases, Gpx4 reduces hydroperoxide groups on phospholipids, 
lipoproteins, and cholesterol esters.  

Second, unlike the other glutathione peroxidases, which are tetrameric enzymes, Gpx4 is 
a monomeric enzyme and is rich in hydrophobic amino acid residues. Because of its small 
size and large hydrophobic surface, Gpx4 can interact with complex lipids in membranes 
and thereby detoxify membrane lipid hydroperoxides. The other pathway for removing 
membrane lipid peroxides from membranes is through the coupled actions of 
phospholipase A2 (PLA2) and Gpx1: PLA2 first excises the fatty acid hydroperoxide from 
the phospholipid hydroperoxide in the membrane, and then Gpx1 reduces the fatty 
acid hydroperoxide to alcohol and water. From kinetic modeling, the Gpx4 
pathway is estimated to be far more efficient at removing phospholipid hydroperoxides 
than the PLA2-Gpx1 pathway, because the affinity of Gpx4 to membrane lipid 
peroxides is more than 104-fold greater than PLA2.  

Therefore, Gpx4 is considered to be the primary enzymatic defense system against 
oxidative damage to cellular membranes. 

Gpx4 is ubiquitously expressed; however, its activity makes up only a fraction of the 
total cellular glutathione peroxidase activity in most tissues. The exception is the testes, 
where Gpx4 activity makes up the majority of the glutathione peroxidase activity. 
Despite its relative low cellular abundance, Gpx4 was shown to play a critical role in the 
antioxidant defense system in our study using mice deficient in Gpx4. The Gpx4 null 
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mutation (Gpx4–/–) is embryonically lethal; Gpx4–/– embryos die at embryonic stage 
E7.5 to E8.5. In addition, embryonic fibroblasts derived from mice heterozygous for the 

Gpx4 gene (Gpx4+/–) have increased lipid peroxidation, more cell death after exposure to 
oxidizing agents, and experienced growth retardation under high oxygen.  

 
Among the glutathione peroxidase genes, knockout mice have been generated for the 
Gpx1, Gpx2, and Gpx4 genes. The phenotype of Gpx4 null mutation is much more 
severe than the phenotypes reported for null mutations in the other glutathione 
peroxidases.  
 
Mice null for the Gpx1 and Gpx2 genes appear normal under normal housing 
conditions, although they tend to be more sensitive to oxidative stress. More recently, 
knockout mice for catalase were generated, and these mice null for catalase appear 
normal as well (Ho, Y. S., Xiong, Y., Ma, W., Spector, A., and Ho, D. S. (2004) J. Biol. 
Chem. 279, 32804–32812).  
 
3.4.7 Animals Null for CAT and Gpx1 and Gpx2 Develop Normally 
 
I believe that it is of utmost importance to consider the fact that animals 
null for CAT and Gpx1 and Gpx2 appear to develop normally and live 
normal lives.  This must weaken the argument that EMODs are 
extremely toxic and causative of up to 200 pathophysiologies.  
 
Based on observations of the phenotypes of knockout mice null for Gpx1, Gpx2, and 
catalase, which detoxify hydrogen peroxide and alkyl peroxides (for the glutathione 
peroxidases) but not the complex lipid hydroperoxides found in membranes, the 
embryonic lethal phenotype of Gpx4 knockout mouse points to the critical 
importance of Gpx4 in repairing membrane lipid hydroperoxides. 

The overexpression of Gpx4 in RBL2H3 and 104C1 cells has been shown to reduce 
EMODs -induced toxicity (Yagi, K., Komura, S., Kojima, H., Sun, Q., Nagata, N., 
Ohishi, N., and Nishikimi, M. (1996) Biochem. Biophys. Res. Commun. 219, 486–491).  

There is no information on the effect of overexpressing Gpx4 in tissues of whole 
animals.  

Diquat, a potent pro-oxidant, which generates superoxide anions through redox cycling, 
induces lipid peroxidation and liver damage in mice. Gpx4 overexpression reduced 
diquat-induced hepatoxicity and lipid peroxidation. Caspase-3 is a downstream effector 
of apoptosis and its activation indicates the commitment of cells to apoptosis. The 
Tg(GPX4) mice showed reduced apoptosis in liver after diquat treatment. This is the first 

evidence showing that the overexpression of Gpx4 prevented oxidative stress induced 
apoptosis in vivo. 
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Cytochrome c is strongly associated with cardiolipin (CL), a phospholipid found 
exclusively in the inner mitochondria membrane that makes up the bulk of the 
mitochondrial phospholipids. Because of its high content of polyunsaturated fatty 
acids, especially linoleic acid, CL is prone to oxidation into cardiolipin hydroperoxide 

(CLOOH). Gpx4 might play a role in inflammation. Overexpression of Gpx4 has been 
shown to suppress activities of lipoxygenases, cyclooxygenase, and acetyl-CoA:1-O-
alkyl-2-lyso-sn-glycero-3-phosphocholine acetyltransferase (40–42). Surprisingly, a 
recent report showed that overexpression of Gpx4 induced the expression of COX-2 
in colon carcinoma cells (Barriere, G., Rabinovitch-Chable, H., Cook-Moreau, J., 
Faucher, K., Rigaud, M., and Sturtz, F. (2004) Anticancer Res. 24, 1387–1392).  

Because the Tg(GPX4) mice show no alterations in the activities of the other major 
antioxidant enzymes, especially Gpx1 and catalase, the primary phenotype of the 
Tg(GPX4) mice appears to be their ability to remove complex lipid hydroperoxides found 
in membranes. 

(N Santanam; N Augé; M Zhou; C Keshava; S Parthasarathy. Overexpression of Human 
Catalase Gene Decreases Oxidized Lipid-Induced Cytotoxicity in Vascular Smooth 
Muscle Cells. Arteriosclerosis, Thrombosis, and Vascular Biology. 1999;19:1912-1917). 

Reactive oxygen metabolites (EMODs) such as hydrogen peroxide (H2O2) and oxidized 
fatty acids are proinflammatory and are allegedly involved in the pathophysiology of 
various diseases including atherosclerosis. The effects of these oxidants could be 
inhibited by the external addition of an antioxidant, suggesting the promotion or 
propagation of further oxidation. Chain reactions are expected with lipid peroxides.  

Investigators describe the stable overexpression of human catalase in smooth muscle cells 
and the resistance of these cells to cytotoxicity induced not only by the addition of 
H2O2 but also by the addition of 13-hydroperoxyoctadecadienoic acid (13-HPODE). The 
results pose an intriguing possibility of the generation of H2O2 from a peroxidized 
fatty acid. Accordingly, incubation of cells with both 13-HPODE and 13-
hydroxyoctadecadienoic acid resulted in the generation of intracellular H2O2. To 
explain the observed results by which catalase could overcome the effects of 13-HPODE, 
they proposed that oxidized fatty acids are degraded in the cellular peroxisomes, 
resulting in the generation of H2O2. In other words, the cellular effects of peroxidized 
fatty acids could be attributed to the generation of H2O2 or lipid peroxides can 
serve as another plentiful source for the generation of H2O2.  

Disruption of the delicate balance between pro-oxidants and antioxidants has been 
implicated in the pathophysiology of many chronic diseases, such as atherosclerosis 
(Halliwell B. Oxidants and human disease: some concepts. FASEB J. 1987;1:358–364). 

A plethora of information suggests that oxidants, such as hydrogen peroxide (H2O2) 
and lipid peroxide (LOOH), induce a number of proatherogenic changes in cell types 
that are present in the atherosclerotic artery (Li PF, von Harsdorf DR. Reactive oxygen 
species induce apoptosis in vascular smooth muscle cells. FEBS Lett. 1997;404:249–252) 
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(Herbert JM, Bono F, Savi P. The mitogenic effect of hydrogen peroxide for vascular 
smooth muscle cells is mediated by an increase of the affinity of basic fibroblast growth 
for its receptor. FEBS Lett. 1996;395:43–47) (Herbert JM, Bono F, Savi P. The 
mitogenic effect of hydrogen peroxide for vascular smooth muscle cells is mediated by 
an increase of the affinity of basic fibroblast growth for its receptor. FEBS Lett. 
1996;395:43–47).   

Most of these effects could be prevented by the addition of extracellular antioxidants, 
suggesting further propagation of oxidation (Meyer M, Schreck R, Baeuerle PA. H2O2 
and antioxidants have opposite effects on activation of NF-kappa B and AP-1 in intact 
cells: AP-1 as secondary antioxidant-responsive factor. EMBO J. 1993;12:2005–2015) 
(Fuller CJ, Jialal I. Effects of antioxidants and fatty acids on low-density-lipoprotein 
oxidation. Am J Clin Nutr. 1994;60:1010S–1013S. Review).  

Studies that used the manipulation of genes for antioxidant enzymes also corroborate the 
assumption that intracellular oxidative stress might play an important role in the 
transduction of oxidative stress from external sources to intracellular sites (Halliwell B. 
Oxidative stress, nutrition and health: experimental strategies for optimization of 
nutritional antioxidant intake in humans. Free Radic Res. 1996;25:57–74. Review). 

Shingu, et al, showed that endothelial cells and smooth muscle cells have very low 
levels of catalase activity and therefore are more susceptible to damage by H2O2 (Shingu 
M, Yoshioka K, Nobunaga M, Yoshida K. Human vascular smooth muscle cells and 
endothelial cells lack catalase activity and are susceptible to hydrogen peroxide. 
Inflammation. 1985;9:309–320). I believe that this is excellent evidence which shows 
that the endothelium and the vascular wall needs high levels of H2O2 to protect itself 
from atherosclerotic particle aggregation.  If the endothelium does not need high 
levels of H2O2 then I ask, “Why has it not evolved high levels of catalase to deal with 
the EMODs and H2O2, which are produced by all three layers of the vascular wall?” 

Several studies had attempted to overexpress catalase enzyme in various cell types and 
looked for the effect of this enzyme in preventing oxidation-related damage. Yamada, et 
al, identified 2 H2O2-resistant cell lines, HP50-2 and HP100-1, which were more resistant 
to the toxic effects of H2O2 than the parent cell line HL60. They found 3 to 18 times, 
respectively, higher catalase activity in these cell lines. Transient overexpression of 
catalase in human umbilical vein endothelial cells and acatalasemic murine fibroblast 
SV-B2

 cells conferred protection on these cells from H2O2-mediated oxidant stress 
(Yamada M, Hashinaka K, Inazawa J, Abe T. Expression of catalase and 
myeloperoxidase genes in hydrogen peroxide-resistant HL-60 cells. DNA Cell Biol. 
1991;10:735–742). 

Interestingly, many of the effects of peroxidized fatty acids and H2O2 can be 
mimicked by hydroxy derivatives of fatty acids, such as hydroxy linoleic acids 
(HODEs) and hydroxy arachidonic acids (HETEs). Gordon and associates found that 
peroxidized arachidonic acids are degraded in cellular peroxisomes (Gordon JA, 
Heller SK, Kaduce TL, Spector AA. Formation and release of a peroxisome-dependent 
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arachidonic acid metabolite by human skin fibroblasts. J Biol Chem. 1994;269:4103–
4109). 

Peroxisomal degradation of fatty acids, in contrast to their mitochondrial 
degradation, generates H2O2 (Mannaerts GP, Van Veldhoven PP. Metabolic pathways 
in mammalian peroxisomes. Biochimie. 1993;75:147–158. Review).  Investigators 
measured the resistance of these cells to cytotoxicity induced not only by the addition of 
H2O2 but also by the addition of 13-hydroperxyoctadecadienoic acid (13-HPODE).  

The novel results demonstrated that the cells enriched in catalase are resistant to the 
damaging effects of an oxidized lipid. Oxidized lipids and H2O2 profoundly affect 
cellular properties. A number of different cell types respond to these agents. Cell 

proliferation, activation of the synthesis and secretion of specific gene products, 
expression of cell adhesion molecules, and a number of other effects have been described 
for both oxidized lipids and H2O2. Redox metals could use H2O2

 and peroxidized lipids 
to generate hydroxyl and lipid peroxy radicals, which could propagate oxidation (Girotti 
AW. Mechanisms of lipid peroxidation. J Free Radic Biol Med. 1985;1:87–95. Review). 

The Santanam study is the first to generate a stable cell line that overexpressed the 
enzyme to demonstrate that the overexpression of catalase indeed affords protection 

against H2O2-induced cytotoxicity. Surprisingly, these cells were also resistant to the 
effects of 13-HPODE, a peroxidized fatty acid. 

Pioneering studies by Gordon and coworkers have demonstrated that oxidized 
arachidonic acid derivatives are targets of peroxisomal degradation. Degradation of fatty 
acids in the peroxisomes would result in the generation of H2O2.  

These results go on to explain a puzzling paradox. How do the hydroxy fatty acids such 
as the HODEs and HETEs affect cells and why would antioxidants prevent their effects? 
These lipids do not propagate oxidation even in the presence of metal ions. Their 
cellular effects also are likely to be mediated by H2O2 generated during their degradation 
in the peroxisomes. Accordingly, when we incubated cells with 13-HODE (a product that 
does not react with DCF-DA or LMB), intense fluorescence could be seen, suggesting the 
formation of H2O2.  These results also suggest that cellular peroxisomes are an important 
target for gene induction and the prevention of metabolic toxicity. 

3.4.8 Hydrogen Peroxide in Breath Condensates 

Exhaled breath condensate (EBC) provides a noninvasive means of sampling the 
lower respiratory tract. Collection of EBC might be useful in the assessment of airway 
oxidative stress in smokers. The aim of this study was to determine 8-isoprostane and 
hydrogen peroxide levels in EBC, and, in addition, to investigate the reproducibility of 
these measurements (P.G.A. Van Hoydonck, W.A. Wuyts, B.M. Vanaudenaerde, E.G. 
Schouten, L.J. Dupont and E.H.M. Temme Quantitative analysis of 8-isoprostane and 
hydrogen peroxide in exhaled breath condensate. Eur Respir J 2003; 23:189-192). 
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EBC samples were collected from 12 healthy male smokers at three time points within 1 
week. 8-isoprostane and H2O2 were measured in non-concentrated EBC using 
immunochemical and colorimetric assays, respectively. 

8-isoprostane and H2O2 were detected in only 36 and 47% of all EBC samples, 
respectively. It was not possible to calculate the within-subject variation in a reliable 
manner since only three of the 12 smokers exhibited detectable 8-isoprostane 
concentrations on all three occasions, whereas H2O2

 could not be detected on all three 
occasions in any of the smokers.  Spiking experiments revealed a recovery of 83.5–
109.5% for 8-isoprostane and 69.9–129.0% for H2O2 in fresh EBC samples. 

It was concluded that levels of 8-isoprostane and hydrogen peroxide cannot be 
reproducibly assessed in exhaled breath condensate from healthy smokers because of 
their low concentration and/or the lack of sensitivity of the available assays.  I believe 
that it is possible that the peroxide was not present in the smokers and served as 
evidence that they had a deficiency level of overall EMODs. 

The airways of smokers are exposed to high levels of oxidative stress (if such a thing 
exists), caused by oxidants and free radicals inhaled with cigarette smoke and reactive 
oxygen species produced by activated inflammatory cells. 

It is believed that cigarette smoking causes an increase in levels of free radicals and 
reactive oxygen species, and that oxidative status may be monitored by analysis of EBC 
markers 3. 8-isoprostane, a prostaglandin F2  isomer that is formed by free radical lipid 
peroxidation of arachidonic acid, may be a quantitative marker of in vivo oxidative stress 
in the airways of smokers. The present report shows that levels of 8-isoprostane and 
H2O2

 cannot be reproducibly assessed in EBC from healthy smokers because of their 
low concentration and/or the lack of sensitivity of the available assay methods.  
Perhaps it is because there is no peroxide there to measure.  Although the present 
study contradicts published studies regarding the levels of 8-isoprostane and H2O2 
in EBC, the present authors are confident that every effort was made to avoid error 
during all phases of the study. 

In the present study, smokers refrained from smoking for a period of only 2 h prior to 
producing EBC, whereas, in other studies on 8-isoprostane in EBC, smokers abstained 
from smoking for 12 h. However, Montuschi et al. have shown that a short period of 
abstinence from smoking enhances exhaled 8-isoprostane concentrations. This 
cannot, therefore, explain the low 8-isoprostane concentrations detected in the present 
experiments. 

Owing to the lack of sensitivity of the methodology used in the present study, 
reproducibility could not be assessed in a reliable manner. Recently, two studies reported 
that the levels of 8-isoprostane or H2O2 measured in EBC on two consecutive days were 
not reproducible in patients with asthma or healthy volunteers. They used the intraclass 
correlation coefficient to assess the reproducibility of their measurements, which resulted 
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in values of –0.35 (asthma) and 0.08 (healthy) for 8-isoprostane and –0.14 (asthma) and 
–0.08 (healthy) for H2O2.  

In conclusion, levels of 8-isoprostane and hydrogen peroxide cannot be reproducibly 
assessed in exhaled breath condensate from healthy smokers because of their low 
concentrations in most exhaled breath condensate samples and/or the lack of sensitivity 

of the assays used. 
 

H2O2 has been detected in exhaled condensate in healthy adults and children with 
increased concentrations in asthma (Horvath I, Donnelly LE, Kiss A, Kharitonov SA, 
Lim S, Chung FK, Barnes PJ. Combined use of exhaled hydrogen peroxide and nitric 
oxide in monitoring asthma. Am J Respir Crit Care Med 1998; 158: 1042-1046) 
(Dohlman AW, Black HR, Royall JA. Expired breath hydrogen peroxide is a marker of 
acute airway inflammation in pediatric patients with asthma. Am Rev Respir Dis 1993; 
148: 955-960) (Antczak A, Nowak D, Shariati B, Krol M, Piasecka G, Kurmanowska Z. 
Increased hydrogen peroxide and thiobarbituric acid-reactive products in expired breath 
condensate of asthmatic patients. Eur Respir J 1997; 10: 1235-1241).  

There is no correlation between the levels of exhaled H2O2 and age, sex, or lung 
function in healthy children (Jöbsis Q, Raatgeep HC, Schellekens SL, Hop WCJ, 
Hermans PWM, de Jongste JC. Hydrogen peroxide in exhaled air of healthy children: 
reference values. Eur Respir J 1998; 12: 483-485). However, exhaled H2O2 
concentration is related to the number of sputum eosinophils and airway hyper-
responsiveness in asthma of different severity, and it is elevated in patients with 
severe unstable asthma, although exhaled NO is significantly reduced by treatment 
with corticosteroids. This may be related to the fact that neutrophils, prevalent in severe 
asthma, generate higher amounts of superoxide radicals and therefore H2O2 (Antczak A, 
Nowak D, Bialasiewicz P, Kasielski M. Hydrogen peroxide in expired air condensate 
correlates positively with early steps of peripheral neutrophil activation in asthmatic 
patients. Arch Immunol Ther Exp (Warsz) 1999;47:119-126). Asthmatic patients also 
exhale significantly higher levels of thiobarbituric acid-reactive products (TBARs), 
which indirectly reflect increased oxidative stress (Antczak A, Nowak D, Shariati B, Krol 
M, Piasecka G, Kurmanowska Z. Increased hydrogen peroxide and thiobarbituric acid-
reactive products in expired breath condensate of asthmatic patients. Eur Respir J 1997; 
10: 1235-1241).  

Cigarette smoking causes an influx of neutrophils and other inflammatory cells into 
the lower airways, and fivefold higher levels of H2O2 have been found in exhaled 
breath condensate of smokers than in nonsmokers (Nowak D, Antczak A, Krol M, 
Pietras T, Shariati B, Bialasiewicz P, Jeczkowski K, Kula P. Increased content of 
hydrogen peroxide in the expired breath of cigarette smokers. Eur Respir J 1996; 9: 652-
657).  

Levels of exhaled H2O2 are increased compared with those in normal subjects in 
patients with stable COPD and are further increased during exacerbations (Dekhuijzen 
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PN, Aben KK, Dekker I, Aarts LP, Wielders PL, van Herwaarden CL, HC, Bast 
A. Increased exhalation of hydrogen peroxide in patients with stable and unstable chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med 1996;154:813-816).  

Cigarette smoking is by far the commonest cause of COPD, but only 10 to 20% of 
smokers develop symptomatic COPD. No significant differences have been found 
between H2O2 levels in current smokers with COPD and subjects with COPD who 
have never smoked, and there is no correlation between expired H2O2 concentration 
and daily cigarette consumption (Nowak D, Kasielski M, Pietras T, Bialasiewicz P, 
Antczak A. Cigarette smoking does not increase hydrogen peroxide levels in expired 
breath condensate of patients with stable COPD. Monaldi Arch Chest Dis 1998; 53: 268-
273). Thus, oxidative stress is a characteristic feature of COPD and presumably related to 
airway inflammation, and it cannot be explained entirely by the oxidants present in 

tobacco smoke.  

Increased H2O2 levels in exhaled breath condensate have been found in ARDS (Baldwin 
SR, Simon RH, Grum CM, Ketai LH, Boxer LA, and Devall LJ. Oxidant activity in 
expired breath of patients with adult respiratory distress syndrome. Lancet 1986; 1: 11-
14) (Heard SO, Longtine K, Toth I, Puyana JC, Potenza B, Smyrnios N. The influence of 
liposome-encapsulated prostaglandin E1 on hydrogen peroxide concentrations in the 
exhaled breath of patients with the acute respiratory distress syndrome. Anesth Analg 
1999; 89: 353-357), bronchiectasis, and after lobectony/pneumonectomy in patients 
with lung carcinoma (Lases EC, Duurkens VA, Gerritsen WB, Haas FJ. Oxidative stress 
after lung resection therapy: A pilot study. Chest 2000; 117: 999-1003), indicating 
increased oxidative stress in these conditions, and are significantly reduced during 
antibiotic treatment in patients with infective exacerbations of CF (Jobsis Q, Raatgeep 
HC, Schellekens SL, Kroesbergen A, Hop WC, de Jongste JC. Hydrogen peroxide and 
nitric oxide in exhaled air of children with cystic fibrosis during antibiotic treatment. Eur 
Respir J 2000; 16: 95-100).  

3.4.9 Products of Lipid Peroxidation  

There are several methods to measure lipid peroxidation products and lipid peroxidation 
damage in tissues, cells, and body fluids. The most simple, but nonspecific, method is 
measurement of thiobarbituric acid-reactive substances (TBARS). The specificity of 
colorimetric or fluorimetric assays can be significantly improved if combined with high 
pressure liquid chromatography. If levels of TBARS are increased, as for example in 
exhaled condensate in asthma and COPD, other more sophisticated assays may be 

performed for verification. Assays are available for phospholipid- and cholesterylester, 
hydroperoxides, aldehydic lipid peroxidation products, including 4-hydroxynonenal, 
fluorescent protein adducts (e.g., lipofuscin), conjugated dienes, and antioxidants.  

Although there is a still a question whether lipid peroxidation contributes to organ 
dysfunction or simply reflects oxidative injury, tissue-specific lipid peroxidation has been 
confirmed. Thus, lung lipid conjugated dienes are increased after intravenous 

infusion of both endotoxin and H2O2 in rats (Clements NCJ, Habib MP. The early 
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pattern of conjugated dienes in liver and lung after endotoxin exposure. Am J Respir Crit 
Care Med 1995; 151: 780-784). However, venous plasma-conjugated dienes are elevated 
only after H2O2. Significantly higher concentrations of primary (diene conjugates) and 
secondary (ketodienes) products of lipid peroxidation have been found in exhaled 
condensate and in bronchial biopsy samples from patients with COPD and chronic 
bronchitis compared with those in normal subjects (400, 401). Increased levels of free 
fatty acids, including linoleic and arachidonic acids, have been measured in exhaled 

condensate and sweat in children and in adults with acute pneumonia and lung edema. In 
contrast, the level of lipid peroxidation in patients with cancer was significantly 
reduced compare with that in healthy control subjects (Khyshiktyev BS, 
Khyshiktueva NA, Ivanov VN, Darenskaia SD, Novikov SV. Diagnostic value of 
investigating exhaled air condensate in lung cancer. Vopr Onkol 1994; 40: 161-164). 

Exhaled condensates may be used in prenatal diagnosis of fetal hypoxia, as 
significantly higher levels of diene conjugates and malonic dialdehydes have been found 
in pregnant women who gave birth to babies with severe fetal and neonatal hypoxia 
(Khyshiktueva NA, Khyshiktuev BS. Prenatal diagnosis of fetal hypoxia based on lipid 
peroxidation values in exhaled air condensate. Klin Lab Diagn 1998;21-22). Recent 
studies have suggested that the increased permeability in patients with interstitial lung 
disease results in an increase of alveolar-to-vascular leakage of surfactant proteins A and 
D (Takahashi H, Kuroki Y, Tanaka H, Saito T, Kurokawa K, Chiba H, Sagawa A, Nagae 
H, Abe S. Serum levels of surfactant proteins A and D are useful biomarkers for 
interstitial lung disease in patients with progressive systemic sclerosis. Am J Respir Crit 
Care Med 2000; 162: 258-263). The clearance system of these proteins from the 
bloodstream is unknown at present, but if they are detectable in exhaled breath 
condensate, they may be the best practical examination for this disease. 

This paper contains data which shows that the lungs have low levels of catalase, the 
level of lipid peroxidation in patients with cancer was significantly reduced 

compared with that in healthy control subjects and no significant differences were 
found between H2O2 levels in current smokers with COPD and subjects with COPD 
who have never smoked.  

3.4.10 Exhaled Markers of Pulmonary Disease 
 
The detection of nonvolatile mediators and inflammatory markers from the respiratory 
tract involves invasive techniques such as bronchoalveolar lavage or induced sputum. 
They cannot be repeated within a short period of time because of their invasiveness, and 

because the procedures themselves may induce an inflammatory response. Exhaled 
breath condensate is collected by cooling or freezing exhaled air and is totally 
noninvasive (S. Kharitonov and P Barnes, Exhaled Markers of Pulmonary Disease. Am. 
J. Respir. Crit. Care Med., Volume 163, Number 7, June 2001, 1693-1722). 

The first studies identifying surface-active properties, including pulmonary surfactant, of 

exhaled condensate were published in Russia in the 1980s and since then several 
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inflammatory mediators, oxidants, and ions have been identified in exhaled breath 

condensates.  

Potentially, condensate measurements reflect different markers and molecules derived 
from the mouth (oral cavity and oropharynx), tracheobronchial system, and alveoli. It is 
assumed that airway surface liquid becomes aerosolized during turbulent airflow, so that 
the content of the condensate reflects the composition of airway surface liquid, although 
large molecules may not aerosolize as well as small soluble molecules. A strong 
correlation between the levels of CO2 and O2 in exhaled fluid and exhaled breath suggests 
that aerosol particles exhaled in human breath reflect the composition of the 
bronchoalveolar extracellular lining fluid (von Pohle WR, Anholm JD, McMillan J. 
Carbon dioxide and oxygen partial pressure in expiratory water condensate are equivalent 
to mixed expired carbon dioxide and oxygen. Chest 1992; 101: 1601-1604).  

3.4.11 Hydrogen Peroxide in the Breath 

Activation of inflammatory cells, including neutrophils, macrophages, and eosinophils, 
result in an increased production of O2 , which by undergoing spontaneous or enzyme-
catalyzed dismutation lead to formation of H2O2. As H2O2 is less reactive than other 

reactive oxygen species, it has the propensity to cross biologic membranes and enter 
other compartments (Freeman BA, Crapo JD. Biology of disease: free radicals and 
tissue injury. Lab Invest 1982; 47: 412-426).  

Because it is soluble, increased H2O2 in the airway equilibrates with air (Dohlman 
AW, Black HR, Royall JA. Expired breath hydrogen peroxide is a marker of acute airway 
inflammation in pediatric patients with asthma. Am Rev Respir Dis 1993; 148: 955-960). 
Compared with the cellular antioxidant scavenging systems, the extracellular space and 
airways have significantly less ability to scavenge reactive oxygen species (356, 357). 
Catalase is the major enzyme involved in removing H2O2 and is preset in low 
concentrations in the respiratory tract. I believe that this is another example, in 
which, an area of the body which is constantly exposed to extremely high levels of 
EMODs, has low levels of catalase.  This does not make teleological sense that such 
would be the occurrence, if EMODs are so harmful. Thus, again I ask, “How toxic 
are EMODs?”  Exhaled H2O2 has potential as a marker of oxidative stress in the lungs. 

In summary, I can say that in the three areas of high RONS or EMOD generation of 
the body (e.g., brain, heart and the lungs), we normally have low levels of 
antioxidant enzymes.  Additionally, we do not synthesize any of the traditional low 
molecular weight antioxidants and we must get them by the dietary route.  Thus, I 
ask, “How toxic are EMODs?”  How could the evolutionary process make such glaring 
errors and egregious mistakes in not protecting humans as equally well as much lower 
phylogenetic species?  These observations lead me to believe that EMODs are not 
nearly as toxic as they have been accused of being.  In fact, I believe that they are 
naturally and normally beneficial to health. 
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3.4.12   Superoxide Dismutase (SOD) and Vascular Cells 

At relatively low concentrations, superoxide and other reactive oxygen species play 
important roles, including acting as mediators in signaling processes and regulation of 
gene expression. High levels of EMODs contribute to abnormal cell growth and vascular 
dysfunction. There is recent evidence for increased superoxide in cerebral circulation 
after subarachnoid hemorrhage (SAH), in the presence of hyperhomocystinemia and 
diabetes, and in response to angiotensin II or alcohol (Mori T, Nagata K, Town T, Tan 
J, Matsui T, Asano T. Intracisternal increase of superoxide anion production in a canine 
subarachnoid hemorrhage model. Stroke. 2001; 32: 636–642) (Lentz SR, Dayal S, Arning 
E, Bottiglieri T Sigmund CD Faraci FM. Role of superoxide in cerebral vascular 
dysfunction in hyperhomocysteinemic mice. Circulation. 2002; 106: II-111.Abstract) 
(Gunnett CA, Heistad DD, Faraci FM. Interleukin-10 protects endothelium-dependent 
relaxation during diabetes: role of superoxide. Diabetes. 2002; 51: 1931–1937) (Sun H, 
Mayhan WG. Temporal effect of alcohol consumption on reactivity of pial arterioles: role 
of oxygen radicals. Am J Physiol. 2001; 280: H992–H1001). 

Local steady-state levels of superoxide are dependent on both the rate of superoxide 
production and activity of endogenous superoxide dismutases (SODs). There are 3 
isoforms of SOD (cytosolic or CuZn-SOD [SOD-1], mitochondrial or Mn-SOD [SOD-2], 
and extracellular CuZn-SOD [EC-SOD, SOD-3]), which are localized in distinct 
subcellular compartments. Although recent studies in nonvascular cells suggest that these 

different isoforms have major but distinctive roles, the functional importance of 
individual SOD isoforms has been unclear for any blood vessel. 

3.4.13 CuZn-SOD 
The CuZn isoform of SOD is the predominant form of SOD in blood vessels, because it 
accounts for 50% to 80% of total SOD activity (Didion SP, Ryan MJ, Didion LA, Fegan 
PE, Sigmund CD, Faraci FM. Increased superoxide and vascular dysfunction in 
CuZnSOD-deficient mice. Circ Res. 2002; 91: 938–944) (Stalin P, Kurlsson K, 
Johansson BO, Marklund SL. The interstitium of the human arterial wall contains very 
large amounts of extracellular superoxide dismutase. Arterioscler Thromb Vasc Biol. 
1995; 15: 2032–2036). 

Studies using gene-targeted mice indicate that CuZn-SOD deficiency increases 
superoxide throughout the vessel wall, impairs endothelium-dependent relaxation 
and nitric oxide (NO) signaling in carotid artery and cerebral microvessels, and 
selectively augments vasoconstrictor responses to serotonin, a key mediator of 
platelet-induced vasoconstriction.  Increases in superoxide in cerebral arteries after 
treatment with arachidonate are greatly augmented after pharmacological inhibition of 
CuZn-SOD. These latter findings have broad implications, because metabolism of 
arachidonic acid is thought to be a major source of superoxide in brain under 
several pathophysiological conditions.  

Deficiency in CuZn-SOD also impacts vascular structure, because cerebral arterioles in 
CuZn-SOD–deficient mice undergo hypertrophy (Baumbach GL, Didion SP, Faraci FM. 
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Deficiency of copper-zinc superoxide dismutase promotes cerebral vascular hypertrophy. 
FASEB J. Abstract. In press.). These findings provide the first direct evidence that CuZn-
SOD normally inhibits vascular hypertrophy and that this isoform of SOD plays a 
major role in regulation of cerebral vascular growth. Finally, overexpression of 
CuZn-SOD (using transgenic or gene transfer technology) is protective in a model of 
ceramide-induced endothelial dysfunction and in a model of fluid percussion injury that 
produces impairment of autoregulation. Thus, initial studies suggest that CuZn-SOD is a 
key isoform in relation to cerebral vascular biology.  I believe that this is due to the 
increased production of H2O2 by SOD. 

3.4.14 Mn-SOD 
Although the levels of Mn-SOD in blood vessels are relatively small, Mn-SOD may 
exert important functional effects in cerebral circulation, because endothelium expresses 
high levels of Mn-SOD (Suzuki K, Tatsumi H, Satoh S, Senda T, Nakata T, Fujii J, 
Taniguchi N. Manganese-superoxide dismutase in endothelial cells: localization and 
mechanism of induction. Am J Physiol. 1993; 265: H1173–1178) and levels of Mn-SOD 
are higher in cerebral arteries than in extracranial arteries (Napoli C, Witztum JL, de 
Nigris F, Palumbo G, D’Armiento FP, Palinski W. Intracranial arteries of human fetuses 
are more resistant to hypercholesterolemia-induced fatty streak formation than 
extracranial arteries. Circulation. 1999; 99: 2003–2010).  

The mitochondrial content of cerebral endothelium is greater than that in other cells 
(Oldendorf WH, Cornfield ME, Brown WJ. The large apparent work capability of the 
blood-brain barrier: a study of the mitochondrial content of capillary endothelial cells in 
brain and other tissues of the rat. Ann Neurol. 1977; 1: 409–417), and high levels of Mn-
SOD may be required to limit oxidative stress in the metabolically active cerebral 
endothelium (the blood-brain barrier).  Actually, I believe that the high levels of H2O2 
produced by SOD are needed for normal cerebral function.   

Recent studies of Mn-SOD heterozygous–deficient mice (Mn-SOD+/-) on an 
apolipoprotein E–deficient background indicate that Mn-SOD protects against vascular 
mitochondrial DNA damage and development of atherosclerosis in aorta. With regard to 
the microcirculation, our preliminary studies indicate that endothelial function is 

impaired in cerebral arterioles from Mn-SOD+/- mice (Didion and Faraci, unpublished 
data, 2002). 

Mn-SOD is unique among the SODs in that it is upregulated in response to oxidative 
stress because its promoter region contains response elements for the redox-sensitive 
transcription factors AP-1 and nuclear factor- B, the latter being critical in regulation of 
many inflammatory-related genes. Thus, upregulation of Mn-SOD may be a key 
compensatory response to oxidative stress. Lipopolysaccharide and bacterial meningitis 
increase Mn-SOD expression in the cerebral vasculature. Please keep in mind that SOD 
generates H2O2. 

Brief episodes of ischemia and reperfusion increase myocardial tolerance to a subsequent 
sustained period of ischemia (Murry CE, Richard VJ, Reimer KA, Jennings RB. Ischemic 
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preconditioning slows energy metabolism and delays ultrastructural damage during a 
sustained ischemic episode. Circ Res. 1990;66:913-931). Myocardial protection 
associated with classic ischemic preconditioning has been shown to be transient and 
wanes within 1 to 2 hours. Several recent studies demonstrated that ischemic 
preconditioning triggers a late phase of protection 24 hours after the initial 
preconditioning of hearts.  

The mechanism of the late phase of preconditioning is unknown; it appears to be different 
from that of classic ischemic preconditioning. The latter is mediated by adenosine, 
whereas the late effect involves the transcription of mRNA and subsequent synthesis of 
certain protective proteins, including antioxidant proteins (Das DK, Prasad MR, Lu D, 
Jones RM. Preconditioning of heart by repeated stunning: adaptive modification of 
antioxidative defense system. Cell Mol Biol. 1992;38:739-749). Hoshida et al (Hoshida S, 
Kuzuya T, Fuji H, Yamashita N, Oe H, Hori M, Suzuki K, Taniguchi N, Tada M. 
Sublethal ischemia alters myocardial antioxidant activity in canine heart. Am J Physiol. 
1993;264:H33-H39) examined antioxidant activity in the preconditioned canine 
myocardium after 24 hours of sublethal ischemia and found that the reduction of infarct 

size was associated with the increase in Mn superoxide dismutase (Mn-SOD) 
activity.  

It is unclear, however, whether a burst of oxygen free radicals generated immediately 
after brief, repeated ischemia elicits a compensatory response in the antioxidant reserve of 
the myocardium 24 hours later. 

Several lines of evidence from in vivo studies show that the delayed phase of 
preconditioning involves augmentation of various protective proteins, including heat-
shock proteins and antioxidant proteins, especially Mn-SOD. Hoshida, et al, reported that 
preconditioning with brief, repeated ischemia significantly decreased infarct size after a 
90-minute occlusion performed 24 hours after preconditioning. This protective effect 

was associated with a significant increase in myocardial Mn-SOD, glutathione 
peroxidase, and reductase. This evidence is further supported by the findings that O2

- 
generated by brief, repeated anoxia induces increased activity of Mn-SOD adequate to 
quench O2

- formation at a latter stage if the cells were subjected to prolonged anoxia. The 
removal of O2

- in the chain reaction of deleterious oxygen reactive species further 

prevented lipid peroxidation and reduced enzyme release.  

When myocytes were treated with exogenous SOD during the initial preconditioning 
phase, the beneficial effects were totally abolished. Another interesting finding from this 
study is that pretreatment with exogenous O2

- mimicked brief, repeated anoxia to trigger 

the delayed protection of preconditioning, which was also associated with increased 
myocardial Mn-SOD activity. An increase in intracellular Mn-SOD could protect 
myocytes against extracellular oxygen free radicals, since these small molecular radicals 
can move in and out of cells freely. Myocytes, endothelial cells, and neutrophils are able 
to generate free radicals, which can move out of cells to attack other targets (Kukreja 
RC, Hess ML. The oxygen free radical system: from equations through membrane-
protein interactions to cardiovascular injury and protection. Cardiovasc Res. 
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1992;26:641-655). Thus, antioxidants or antioxidant enzymes can readily quench these 
oxygen radical species at their generating sites or during their movement to attack other 
targets in the cells. 

Taken together, all of these data provide strong evidence that it is the brief burst of O2
- 

production during short, repetitive anoxia that activates the subcellular machinery leading 
to activation of myocardial Mn-SOD (which generates H2O2), an important factor in the 
protection elicited by preconditioning. 

These researchers results indicate that oxygen free radicals produced during brief, 
repetitive anoxia sequences increase activity of antioxidant enzymes that appear to be 
responsible for the late protection of myocytes against anoxia and reoxygenation injury 
(X Zhou, X Zhai, M Ashraf, Direct Evidence That Initial Oxidative Stress Triggered by 
Preconditioning Contributes to Second Window of Protection by Endogenous 
Antioxidant Enzyme in Myocytes. Circulation. 1996;93:1177-1184). 

3.4.15 EC-SOD 
Based on its subcellular localization and because EC-SOD is a major component of 
total SOD activity in blood vessels, it has been hypothesized that EC-SOD would 
protect NO as it diffuses through the vessel wall. The first study that addressed this 
hypothesis using EC-SOD–deficient mice reported a surprisingly modest role for EC-
SOD with regard to endothelial function in the cerebral microcirculation 
(Demchenko IT, Oury TD, Crapo JD, Piantadosi CA. Regulation of the brain’s vascular 
responses to oxygen. Circ Res. 2002; 91: 1031–1037). Studies using overexpression 

strategies have been more impressive, however, because increased expression of EC-SOD 
(produced using either gene transfer or transgenic technology) attenuates vasospasm after 
SAH. 

3.4.16 Nitric Oxide  

NO influences cerebral vascular tone, is the primary mediator of endothelium-dependent 
relaxation in the cerebral circulation, and is thought to play key roles in regulation of 
vascular gene expression, cell growth, platelet aggregation, and leukocyte adhesion. 

Defining the role of specific isoforms of NO synthase (endothelial NOS [eNOS], 
neuronal NOS [nNOS], and inducible NOS [iNOS]) has sometimes been difficult, and 
recent studies suggest all isoforms of NOS are normally present within the wall of at least 
some blood vessels. The specific role for eNOS in inhibiting vasoconstrictor responses 
was tested recently using eNOS-deficient mice. eNOS deficiency was associated with 

enhanced constrictor responses of carotid arteries to serotonin, particularly in female 
mice (Lamping KG, Faraci FM. Role of sex differences and effects of endothelial NO 
synthase deficiency in responses of carotid arteries to serotonin. Arterioscler Thromb 
Vasc Biol. 2001; 21: 523–528). These results provided the first direct evidence that eNOS 
is a major determinant of vascular effects of serotonin but also suggested a gene-dosing 
effect of eNOS in relation to vasoconstrictor responses. 
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Upregulation of eNOS by statins confers protection from stroke, and a recent study 
demonstrated that a similar approach could be used to attenuate cerebral vasospasm and 
neurological deficits after SAH. Similarly, corticosteroids have been shown to rapidly 
enhance intraischemic cerebral blood flow and reduce cerebral infarct size via an eNOS-
dependent mechanism. 

3.4.17 Peroxisome Proliferator Activated Receptors  

Peroxisome proliferator activated receptors (PPARs) are ligand-activated transcription 
factors that have begun to receive considerable attention in studies of vascular biology 
(Buchan KW, Hassall DG. PPAR agonists as direct modulators of the vessel wall in 
cardiovascular disease. Med Res Rev. 2000; 20: 350–366) (Tedgui A, Mallat Z. Anti-
inflammatory mechanisms in the vascular wall. Circ Res. 2001; 88: 877–887).  

There are 3 subtypes of PPARs (PPAR , PPARß/ , and PPAR ) that regulate gene 

expression by binding to PPAR-response elements in target genes. These transcription 

factors may exhibit multiple protective effects within the vessel wall, including anti-
inflammatory, antiatherogenic, and antihypertensive effects. Although initially 
thought to be restricted to adipose tissue, PPAR  is now known to be expressed in both 

endothelium and vascular muscle. Activation of PPAR  reduces the secretion of 
endothelin, decreases activation of nuclear factor- B and expression of adhesion 
molecules, and reduces expression of NAD(P)H oxidase (a major source of 
superoxide in vascular cells) and receptors for angiotensin II (Inoue I, Goto S, 
Matsunaga T, Nakajima T, Awata T, Hokari S, Komoda T, Katayama S. The 
ligands/activators for peroxisome proliferator-activated receptor (PPAR ) and PPAR  
increase Cu2+, Zn2+-superoxide dismutase and decrease p22phox message expressions in 
primary endothelial cells. Metabolism. 2001; 50: 3–11).  

In preliminary studies in carotid artery in mouse models of chronic hypertension and type 
II diabetes, PPAR  agonists improved endothelial function (FM Faraci. Vascular 
Protection. Stroke. 2003;34:327).  

3.4.18 Oxidative-Cure and the Peroxide-Spike 
 
Aging increases the risk for many diseases and disorders.  In general, elderly people 
have an increased rate of chronic disorders, arteriosclerosis, infections, autoimmune 
disorders and cancer.  Most of these disorders are gradually progressive and do not show 
symptoms for many years.   
 
And additional factor for the increased risk of disease in the elderly is the decline in the 
immune system.  It seeks out and destroys bacteria, viruses, fungi and cancerous cells 
before they can damage the body.  These are the same pathogens which are 
destroyed by EMODs and a deadly oxidative event (DOA).  This is a most important 
finding.  It has memory and learns to distinguish between “self” and “non-self” particles.  
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This system of self-cure is primarily a system of “oxidative-cure” and is responsible for 
the killing of bacteria, viruses, fungi, protozoa and tumor cells.  Thus, I will refer to this 
system throughout this tome by the term “oxidative-cure” or “deadly oxidative assault 
(DOA), which will indicate the involvement of RONS/excytomers or EMODs as the 
curative agent.  Oxidation serves as the first line of our defense and occurs with the 
respiratory burst, which should more properly be referred to as the 
superoxide/peroxide burst, secondary to spontaneous or enzymatic dismutation of 
superoxide.  However, this is a cumbersome term and it serves to increase an ongoing 
metabolic process and since superoxide is almost immediately converted to hydrogen 
peroxide, I will refer to it as the “peroxide boost, peroxide spike, peroxide gush or 
peroxide surge.”   The peroxide surge is generated as a part of the “oxidative-cure and 
a peroxide-offensive.”  Ergo, our lives are sustained by an innate “oxidative-cure” and 
during times of need, to fight invaders or tumors, we rely on the “peroxide-spike” (P.S. 
or PS).   The peroxide surge, through free radical interactions, leads to the formation of 
the other reactive oxygen species, including singlet oxygen and mobilizes a “deadly 
oxidative-assault” (DOA) against invaders or pre-cancerous growths.  Theoretically, 
there are also conditions associated with peroxide-damage, peroxide-disease, peroxide-
death, oxidative-damage, oxidative-death and oxidative-doom. 
 
I frequently refer to the “cell’s extraordinary wisdom” and will hence forth designate it 
as “C.E.W. or CEW.”  Also, I will refer to the “body’s cumulative extraordinary 
wisdom with the acronym, “B-C.E.W. or BCEW.”  
 
We must maintain a “prooxidant state” for protection and to maintain homeostasis.  
We can do this by increasing our overall “daily oxidative capacity” (D.O.C. or 
DOC).  I believe that our bodies have an innate desire to attain a state of balance.  
 
3.4.19 Overview of Cancer Treatment Modalities 
 
I believe that the primary reason that so many varying methods of cancer therapy and 
healing in general, are successful is because many of these methods essentially “do 
very little or close to nothing” and consequently, they allow “oxidative healing” to 
occur.  Examples of this may be as follows:  crystal therapy, urine drinking, acupuncture, 
homeopathy, magnet therapy, aroma therapy, cupping, moxibustion, faith healing, John 
of God, psychic healing, etc.  The fact that they actually do so little to the body, other 
than producing a good placebo effect, is likely their greatest property.  This is in sharp 
contrast to the administration of many of today’s powerful drug and pharmaceutical 
concoctions, which frequently work counter to the “natural oxidative healing of the 
body” (N.O.H.B. or NOHB)  (“Vis medicatrix naturae”: The Healing Power of 
Nature).  This is one way that I can reconcile the many methods of cancer therapy, which 
are touted as being successful.  However, this observation alone, may represent a novel 
insight into the complexities involved in the interpretation of the data. 
 
I believe that the primary healing system of the body is the oxidative healing system.  
Obviously, other factors and agents are involved in the recognition and ultimate killing of 
pathogenic invaders but it is the immune system of oxidative cytolysis that destroys 
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pathogens and neoplastic cells.  Toll-like receptors (TLRs) are indeed not the only 
proteins involved in innate immunity.  Mannose-binding lectin and the NOD family 
are clearly important for the initial response to pathogens.  This class of carbohydrate-
binding proteins known as lectins, is in our blood serum and the lining of the lungs, as 
well as the surface of macrophages and lectins serve as immediate defense agents 
against invading viruses, bacteria, fungi and parasites.  The mannose-binding lectin 
specifically recognizes the sugar coat of infectious organisms, combines with them and 
leads to the infection’s elimination from the blood serum. 
 
Immunity’s early warning system consists not only of membrane-bound Toll-like 
receptors on the cell surface but also on an important intracellular group of 
receptors named NALPs and NODs.  NOD2, one of the most prominent, recognizes 
muropeptides, which are building blocks for bacterial cell walls.  And triggers signaling 
pathways characterized by the activation of the transcription factor NF-kB and 
production of proinflammatory cytokines.   
 
3.5 Changes with Aging 
 
The thymus is one of the organs of the immune system and the site where certain immune 
cells called T lymphocytes or T cells mature.  The thymus begins to shrink (atrophy) 
after adolescence.  By middle age it is only about 15% of it maximum size.   Some T 
cells directly kill foreign particles and others help coordinate other parts of the immune 
system, which are specialized to attack different types of infections.  Although the 
number of T cells does not decrease with aging, T cell function decreases and causes a 
weakening of the parts of the immune system controlled by these T cells. 
 
After young adulthood, there is a slow, steady decrease in immunity and this is the 
same pattern which I see in the decrease in oxygen consumption.  Again, I believe that 
this is a most important observation.  It ties the decreased levels of O2, with subsequent 
decreased levels of EMODs and to decreases in immunity, with the decreases seen with 
aging for killing bacteria, viruses, fungi and tumorous cells.  They are all inter-related.  
This causes a decrease in oxidative killing.  When the body is exposed to bacteria or 
other microorganisms (by actual exposure or through immunization), fewer protective 
antibodies may be formed or they may be formed at a slower rate.  Remember, that all 
antibodies go through a singlet oxygen and ozone step.  Flu shots or other 
immunizations may be less effective and protection may not last as long as expected.   
 
With aging, the immune system also seems to become less tolerant of the body’s own 
cells and investigators describe autoimmune disorders, which develop and where the 
body mistakes normal tissue for non-self tissue.  The immune system becomes less able 
to detect and destroy malignant cells and cancer risk is also increased with age as a result.  
The immune system also becomes less able to detect and kill foreign invaders and 
infection risk is greater.  Illness, stress or surgery can weaken the immune system and 
aging changes in the skin can increase the risk of becoming infected.  Diabetes also leads 
to decreased immunity and increased risk of infections or other diseases associated 
with deficiency levels of EMODs, such as arteriosclerosis, cancer, etc.   
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In addition to decreasing immunity, aging also affects inflammation and wound healing.  
Inflammation is an immune response and often indicates infection but may be an 
autoimmune reaction.  Older people heal slower and many take anti-inflammatory 
drugs, which are known to slow healing.   
 
Problems common to aging are as follows: 

• increased infection risk 
• decreased ability to fight disease 
• slowed wound healing 
• autoimmune disorders 
• cancer 

As I have said many times, one good RONS (EMOD) deficiency disease deserves 
another. 
 
The incidence of multiple malignant neoplasms in 55,279 patients with rheumatoid 
arthritis (RA) showed that the leukemia incidence in RA patients is higher than 
expected (Hakulinen, T., Isomaki, H. A. and Knekt. P. Multiple tumor incidence in 
patients with rheumatoid arthritis or allied disorders.  (1985) J Chronic Dis. 38 (9):  775-
779). 
 
It has been said that for non-smokers, that their diet is the only or best control factor that 
they possess to prevent disease and maintain a state of health.  However, I believe that 
oxygen consumption is of utmost importance, only to be followed by water (another 
form of oxygen or EMOD).  In fact, I believe that the “drive to breathe” is our most 
powerful drive and others have referred to this drive as that for “survival.”  These 
observations have been verified by the fact that our bodies are most sensitive to oxygen 
deprivation, followed by water deprivation and lastly followed by food deprivation.  We 
can survive for weeks without food, for days without water but we suffer irreversible 
brain damage within mere minutes of neuronal anoxia.  The sycophants of the Free 
Radi-Crap theory attribute all things bad to oxygen, whereas I attribute all things 
good to oxygen, always keeping in mind that anything in excess or a deficiency state can 
be bad.  Their inane prattle has reached nauseating levels of misunderstanding. 
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3.5.1 The Breath of Life 
 
 

“The breath of life provides the heightened consciousness 
of man, which enables us to achieve  
the ecstasies of thought and caring.   

Oxygen is sprinkled aplenty throughout our bodies’ phosphates, 
nitrates, hydroxides and sulphates, 

totaling more than all other elements combined.   
It is entwined with our DNA /RNA, where it is interwoven into 

its sugared backbone and its hand-holding base pairs,  
ultimately and romantically expressing itself as the love of life. 

Remove it 
and love is gone, along with life.” 

R. M. Howes, M.D., Ph.D. 
1/9/05 

 
 
The breath of life is filled with oxygen, which serves as the primary adjunct to aerobic 
metabolism and as fuel for our bodies.  I believe that if you analyze the contents of that 
breath of life, you will find that it is because of the presence of its 21% oxygen 
content, which makes it is the breath of life.  I quote, “And the Lord God formed 
man of the dust of the ground, and breathed into his nostrils the breath of life; and 
man became a living soul.  Genesis 2:7.” 
 
 
 

Thermodynamics’ second law is wrong. 
The life force proliferates with ever increasing levels of complexity. 

In our sector of the universe, 
order is being propagated in an inverted, growing pyramidal pattern  

by generational increments of assemblage. 
On earth, time’s arrow is shot from the bow  

of the living and  
is not carried in the quiver of Chaos. 

R. M. Howes, M.D., Ph.D. 
5/29/05 

 
 
 
 
Emergency procedures emphasize the importance of establishing an airway and an 
adequate supply of oxygen. Aerobic exercises are based on oxygen metabolism to aid 
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the immune system, improve overall health and disease prevention.  The importance 
of oxygen could not be more readily apparent.  It is the essential sustaining and 
driving force for all aerobic cellular metabolism.    
 
Anaerobic metabolism is favorable to many pathogenic organisms and hypoxia is 
the predominant condition within cancerous cells.  Hypoxia has been closely 
associated with pathological processes. 
 
Comparative Oxygen Consumption: 
 

Cardiac State MVO2  
(ml O2/min per 100g) 

Arrested heart 2 
Resting heart rate 8 
Heavy exercise 70 

 

 

By comparison, the oxygen consumption (ml O2/min per 100g) for other organs is: 

Organ O2 Consumption 
(ml O2/min per 100g) 

Brain 3 
Kidney 5 

Skin 0.2 
Resting muscle 1 

Contracting 
muscle 50 

 
 
The US Olympic Training Committee states that, “20 minutes a day of deep breathing 
exercises clearly, dramatically escalates athletic performance and is the single most 
important factor in the effectiveness of all exercise.”  Stephen Levine, a respected 
molecular biologist and geneticist, and Dr. Paris M. Kidd, Ph.D., state in Antioxidant 
Adaptation that, “Oxygen plays a pivotal role in the proper functioning of the immune 
system.  We can look at oxygen deficiency as the single greatest cause of all diseases.”  
Basically, I agree but submit that it is the reactive species (RONS) (EMODs), which 
are subsequently generated, which are the most important factors in disease 
prevention.  Ground state oxygen is not reactive enough to participate in the 
complex biochemical reactions to maintain homeostasis and sustain health. 
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The only thing which stands between us and constant or perpetual infections or 
manifestations of neoplasia, is our ability to generate oxidative events in the form of 
RONS/excytomers (EMODs).  Others interpret our protection to be the immune system, 
but it all boils down to the ability of the immune system to inactivate bacteria, viruses, 
fungi, parasites and neoplastic cells.  It does so by effectuating a deadly oxidative 
assault (DOA). 
 
It appears that the key players in the immune system, in preventing infections and cancer, 
are antibodies, macrophages, lymphocytes, neutrophils, T-cells and Interleukin-2.  All of 
these can and do generate or stimulate EMODs production. 
 
If chronic inflammation is causative of cancer, as is argued by the followers of the 
Free Radical theory of oxidative stress and aging, then steroids, which inhibit 
inflammation, should reduce cancer rates or prevent cancer formation.  In actuality, 
just the opposite happens, in that steroids cause patients to develop infections and 
tumors more frequently than normal and cessation of the steroid intake, can stop 
the infections and cause spontaneous remission of cancer. Further, it is well known 
that photodynamic therapy, which generates large amounts of singlet oxygen and 
the Howes Singlet Oxygen Cancer Therapy system do, in fact, kill selectively 
cancerous growths. 
 
3.5.2 Cyclooxygenase (COX) and NSAIDs 
 
Cyclooxygenase is the rate-limiting enzyme in prostaglandin synthesis, and 2 isoforms 
have been identified.  COX-1 is a constitutively expressed enzyme in most tissues, while 
COX-2 is the inducible form, whose synthesis can be up-regulated by several cytokines, 
growth factors and tumor promoters.  COX-2 is proinflammatory and may be 
carcinogenic.  This was first demonstrated in the colon; epidemiologic studies found a 
substantial decrease in the incidence of colon carcinoma following prolonged use of 
COX-inhibitory nonsteroidal anti-inflammatory drugs.  In addition to colorectal 
tumors, up-regulation of COX-2 has been reported in several human cancers, 
including lung, breast, esophagus, bladder and prostate neoplasms.   
 
The mechanisms involved in the antineoplastic actions of NSAIDs include: 
- inhibition of angiogenesis (essential for oxygen delivery and nutrients to a growing 
neoplasm) 
- induction of apoptosis (which is usually reduced in cancer cells) by stimulation of pro-
apoptotic genes 
- and direct inhibition of cancer cell growth by blocking signal transduction pathways 
responsible for cell proliferation. 
 
I believe that this up-regulation of COX-2 may be in response to the cancer and not as a 
cause of the cancer.  It is possible that prostaglandins, which are frequently elevated or 
over expressed in cancer cells, are an attempt of the body to generate more EMODs to 
kill the cancer.  Arachidonic acid goes through cyclo-endoperoxides to form leukotrienes, 
thromboxanes, prostaglandin PG12 and PGE2 and PGF2.  These cyclo-endoperoxides 
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are all capable of releasing 1O2 and EMODs.  

Perhaps the best-recognized and most widely used group of medications in the 
management of osteoarthritis (OA) is the non-steroidal anti-inflammatories (NSAIDS). 
Included in this group are: aspirin, etodolac, ibuprofen, ketoprofen, carprofen, 
phenylbutazone, naproxen, piroxicam, and acetaminophen. This group of agents acts 
primarily by reducing the amount of inflammatory prostaglandins, particularly 
prostaglandin PGE2 through inhibition of the cyclo-oxygenase enzymes. This results 
in decreased vasodilatation, edema and vascular permeability as well as an increased pain 
threshold. Other beneficial effects such as inhibition of oxygen free radical production, 
stabilization of lysozomal membranes and decreased neutrophil activity may also occur. 
With these positive effects, however, there are some potentially substantial side 
effects. The most common side effect of NSAID usage is gastrointestinal toxicity, 
resulting in ulceration and, possibly, perforation. Renal disease may also be 
exacerbated, via the inhibition of the natural prostaglandins needed for kidney 
perfusion. Additionally, several studies have shown a decrease in proteoglycan 
synthesis in animals receiving aspirin. It is also important to note that, of the commonly 
used products, only phenylbutazone, meclofenamic acid, carprofen, and etodolac are 
approved for use in the canine by the U.S. Food and Drug Administration. This group of 
medications is often very effective in the short and long-term management of 
osteoarthritis, however, given the potential deleterious effects with chronic 
administration, alternate therapies have been evaluated.  

3.5.3 Piroxicam 

Studies have compared the effects of two nonsteroidal anti-inflammatory drugs 
(NSAID), members of the same family with a different cyclooxygenase (COX) inhibition 
selectivity, meloxicam, preferent COX-2 inhibitor, and piroxicam, preferent COX-1 
inhibitor, on oxygen radical generation in rat gastric mucosa (Villegas I, Martin MJ, La 
Casa C, Motilva V, De La Lastra CA. Effects of oxicam inhibitors of cyclooxygenase on 
oxidative stress generation in rat gastric mucosa. A comparative study.  Free Radic Res. 
2002 Jul;36(7):769-77).  These chemicals have been touted as potent antioxidants and 
oxygen free radical scavengers.   

Both oxicams produced a similar extent of the gastric mucosal damage and a significant 
decrease in PGE2 synthesis, however only piroxicam induced an increase of both 
myeloperoxidase (MPO) activity and tumor necrosis factor (TNF)-alpha content in 
the gastric mucosa, indicating that neutrophil-derived free radicals were involved in 
gastric injury. Furthermore, both compounds reduced SOD activity and increased XO 
activity in gastric mucosa. Both of these effects will result in increased oxygen free 
radicals, which is directly contrary to their supposed mechanism of action. This 
means that both piroxicam and meloxicam have prooxidant activity.   

Their results also revealed modifications in GSH metabolism: although glutathione 
peroxidase (GSH-Px) activity was unaffected by meloxicam or piroxicam administration, 
both glutathione reductase (GSSG-rd) activity and total GSH content were significantly 
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decreased after dosing. These results suggest that the meloxicam, preferential COX-2 
inhibitor causes rates of gastric lesion in rats comparable to those seen with the traditional 
NSAID piroxicam, preferential COX-1 inhibitor. In addition to suppression of systemic 
COX activity, oxygen radicals, probably derived via the XO, and neutrophils play an 
important role in the production of damage induced by both oxicams. Moreover, the 
decrease in SOD activity and changes in glutathione homeostasis in gastric mucosa may 
also contribute to pathogenesis of meloxicam- or piroxicam-induced gastropathy. 

Even though piroxicam has been portrayed as a strong antioxidant, recent studies 
have shown that its mechanism of action may involve the generation of singlet 
oxygen.   

The antitumor effects of piroxicam, a non-steroidal anti-inflammatory drug, on 
sarcoma 180 cells under ultrasonic irradiation were examined in a mouse air pouch 
model. When piroxicam was added to sarcoma 180 suspension under ultrasound 
irradiation (2 MHz, 10 W, 120 s), the mortality rate of tumor cells immediately after the 
irradiation and the survival rate of mice were significantly higher than those when 
ultrasound alone was applied, and these effects of piroxicam were dose-dependent. 
Histological examinations one week after the ultrasound irradiation in the presence of 
piroxicam showed sparse tumor tissue in the air pouch and normal appearance of the air 
pouch and surrounding tissue. The findings suggest that piroxicam enhances the anti-
tumor effects of ultrasound in vivo by increasing the production of singlet oxygen 
without damage to tissue surrounding the tumor (Okada K, Itoi E, Miyakoshi N, 
Nakajima M, Suzuki T, Nishida J. Enhanced antitumor effect of ultrasound in the 
presence of piroxicam in a mouse air pouch model. Jpn J Cancer Res. 2002 
Feb;93(2):216-22). 

3.5.4 NSAIDS Confusing Reports of Danger 
 
For 2005, nonsteroidal anti-inflammatory drugs (NSAIDS) are blamed for up to 
16,000 deaths from gastrointestinal bleeding in the United States. Cox-2 inhibitors, 
which include Vioxx and Pfizer's withdrawn Bextra, were designed to ease pain as 
effectively as older, nonprescription drugs while being easier on the stomach. Older 
arthritis treatments taken in combination with a heartburn drug may be easier on the 
stomach.  Arthritis sufferers who had taken Merck & Co.'s Vioxx and a similar drug 
withdrawn by Pfizer Inc. are switching to a mix of older, anti-inflammatory medications 
taken in combination with a popular heartburn drug to prevent stomach damage. 

NSAIDS include ibuprofen and naproxen and are sold under brand names such as 
Advil and Aleve. The broad analysis of data from 32 studies found that the drug 
combination lessened the risk of upset stomach, versus taking just a Cox-2 inhibitor. The 
older arthritis drugs have the added benefit of being cheaper. 

Upset stomach was a weak side effect to examine because it is stomach bleeding that 
makes the older painkillers risky. Because there are few trials directly comparing Cox-2 
drugs with the heartburn and arthritis combination, authors used a statistical approach 
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called meta-analysis to combine the findings of 32 studies. TAP Pharmaceuticals, which 
funded the study, is a joint venture between Abbott Laboratories Inc., which sells the 
heartburn drug Prevacid. 

Merck pulled Vioxx from the market last September, in 2004, after it was found to 
increase the risk of stroke and heart attack. Pfizer later withdrew Bextra at the 
request of the U.S. Food and Drug Administration after the agency said risk of a 
life-threatening skin allergy outweighed the drug's benefits. One major medication in 
the class, Pfizer's Celebrex, remains on the market. 

3.5.5 Aspirin (ASA) 
 
In this same line, aspirin should prevent cancer or cause cancer regression, due to the 
enormous amounts consumed annually, but over all it doesn’t.  In fact, it causes many 
deaths from gastric bleeding.  Aspirin is responsible for approximately 10,000 deaths 
annually.  The effect of aspirin may be due to its action to inhibit COX-2, which 
stimulates production of estrogen.  The May 26, 2004 edition of JAMA states that 
aspirin lowered the risk of breast cancer by 20% from non-aspirin users.  Ibuprofen 
was not as effective and acetaminophen offered no protective effect and both of these are 
non-steroidal anti-inflammatory drugs.  Basically, I am saying that we have an 
epidemic of cancer and heart disease and an epidemic of ingestion of aspirin and 
NSAIDS.  In short, NSAIDS have not stopped the increasing rates of cancer and 
atherosclerosis.  Additionally, long-term antibiotic treatment designed to fight a 
common but stubborn bacterial infection (Chlamydia) does not reduce the risk of heart 
attack, according to two studies released on 4-20-05 in the New England Journal of 
Medicine. 

Dr. Peter Greenwald, director of cancer prevention at the National Cancer Institute, 
which helped fund the Women's Health Study. That study, involving nearly 40,000 
women, is among the longest aspirin-cancer studies to date and used doses a little higher 
than in baby aspirin, taken every other day and compared against dummy pills (7-5-05 
issue of JAMA). It found no effect on lymphoma, colorectal, breast or several other 
cancers, although results for lung cancer were less conclusive. Women who took low 
doses over 10 years didn't reduce their risk of cancer, two separate studies indicate. 
The conflicting results don't help settle the debate about whether aspirin and similar anti-
inflammatory medicines could be used to prevent cancer. 

In the men's study, American Cancer Society researchers followed 70,144 men over nine 
years and asked about their use of aspirin and other nonsteroidal anti-inflammatory drugs, 
or NSAIDS, including ibuprofen, such as Advil and Motrin (7-5-05 issue of Journal of 
the National Cancer Institute). Men who took standard 325-milligram doses of those 
medicines daily for at least five years were about 18 percent less likely to get prostate 
cancer than men who used aspirin occasionally or for a shorter duration. 

Researchers have theorized that aspirin's anti-inflammatory effects might protect against 
cancer in which inflammation is thought to play a role, chiefly colorectal cancer but 
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potentially also prostate and breast cancers but they are apparently wrong. "The 
American Cancer Society doesn't recommend that men or women start taking 
aspirin or any other NSAIDS to prevent cancer." They can cause serious side effects, 
and there's inadequate evidence about potential cancer-fighting benefits, the cancer 
society says. 
 
To add to the confusion, analysis of data from a large study has surprisingly suggested 
that the extended use of aspirin may raise the risk of pancreatic cancer among women 
with the amount of aspirin taken weekly, according the Nurses Health Study as reported 
by E. Schernhammer, M.D. of Harvard University Medical School.  Thus, the role of 
ASA is not clear, in that it can appear to reduce certain cancers and it appears to induce 
certain cancers.  
 
Aspirin is also considered as one of the many pharmaceutical drugs which can produce 
antioxidant deficiencies.  The inhibition of cancer has had me puzzled until I found, as I 
had expected, that ASA can act as a prooxidant. It has been touted as an antioxidant 
because of it effect of chelating iron or because of its potential to block COX enzymes 
but its inherent chemical reactivity is as a prooxidant. Nonetheless, the data on ASA is 
still very confusing.  
 
3.5.6 Aspirin as a Prooxidant 
 
The oxidative modification of low density lipoprotein (LDL) may play a significant role 
in atherogenesis. Tyrosyl radicals generated by myeloperoxidase (MPO) can act as 
prooxidants of LDL oxidation. Taking into consideration, that monophenolic 
compounds are able to form phenoxyl radicals in presence of peroxidases, they tested 
salicylate, in its ability to act as a prooxidant in the MPO system. Measurement of 
conjugated dienes and lipid hydroperoxides were taken as indicators of lipid oxidation. 
Exposure of LDL preparations to MPO in presence of salicylate revealed that the 
drug could act as a catalyst of lipid oxidation in LDL. The radical scavenger ascorbic 
acid as well as heme poisons (cyanide, azide) and catalase were inhibitory. The main 
metabolite of salicylic acid, gentisic acid, showed inhibitory action in the MPO system. 
Even when lipid oxidation was maximally stimulated by salicylate the LDL oxidation 
was efficaciously counteracted in presence of gentisic acid at salicylate/gentisic acid 
ratios that could be reached in plasma of patients receiving aspirin medication. Gentisic 
acid was also able to impair the tyrosyl radical catalyzed LDL peroxidation. The results 
suggest that salicylate could act like tyrosine via a phenoxyl radical as a catalyst of 
LDL oxidative modification by MPO.  
 
Thus, ASA can exhibit prooxidant activity and I believe this prooxidant activity is 
the mechanism whereby it stops some forms of cancer and appears to be beneficial 
in the treatment of atherosclerosis.   
 
But the prooxidant activity of this radical species is effectively counteracted by the 
salicylate metabolite gentisic acid (Hermann M, Kapiotis S, Hofbauer R, Seelos C, Held 
I, Gmeiner B. Salicylate promotes myeloperoxidase-initiated LDL oxidation: 
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antagonization by its metabolite gentisic acid. Free Radic Biol Med. 1999 May;26(9-
10):1253-60).   
 
3.5.7 COX-2 Inhibitors 
 
COX-2 inhibitors were invented as a safer alternative to aspirin and other non-steroidal 
anti-inflammatory drugs, or NSAIDS, such as ibuprofen, which can cause stomach 
bleeding.  Some NSAIDS, notably aspirin, also make blood less likely to clot, and can 
help protect against heart disease.  They work by interfering with two enzymes in the 
body called COX-1 and COX-2 inhibitors selectively affect the enzyme associated with 
pain and inflammation while leaving alone COX-1, which is thought to protect the 
stomach.  
 
The 11/12/04 edition of Science published an article by Dr. Garret Fitzgerald, a 
cardiologist and pharmacologist at the University of Pennsylvania, which suggested that 
COX drugs may cause heart disease.  His team found that a fatty acid made by the 
cyclooxygenase-2, or COX-2, enzyme protects female mice from hardening of the 
arteries.  Shutting down COX-2 long term may actually kick-start the process, 
known as atherosclerosis, said Fitzgerald.  “This raises the specter that if we treat long 
enough, you are going to have some problems with these people,” and that there could be 
a “class effect,” meaning that all brands of COX-2 inhibitors could raise the risk of heart 
disease, he said.  I believe that this is the true effect of COX-2 inhibitors and this 
explains their mechanism of action, in that blocking COX-2 blocks EMODs 
formation, which then allows cancer or cardiovascular disease to manifest itself.  
 
Not only have these drugs for arthritics been proven to cause severe adverse effects 
but they have also been shown to be little better of a pain killer for arthritics than 
placebo, as was published by J. M. Bjordal, University of Bergen, in the British Medical 
Journal on 11/22/04. 
 
Pfizer’s Bextra, more than doubled the number of heart attacks or strokes among 
patients already at risk of heart disease.  Fitzgerald believes that his study sheds light on 
why women have less heart disease than those who are past menopause.  Estrogen 
triggers COX-2 activity, which leads to protection from arteriosclerosis.  Thus, this 
estrogen-COX-2 atherosclerosis would be because of increased prooxidant activity. 
 
In mice, estrogen generates a fatty acid from COX-2 called PG12, which limits 
activation of blood platelets that can cause clots and may damage artery walls.  PG12 
also reduces oxidative stress that allegedly damages the insides of arteries.  
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3.5.8 HOWES’ NEW THEORY OF ARTERIOSCLEROSIS 

“Aging changes can be attributed to development, genetic defects, the environment, 
disease, and the inborn aging process. The latter is the major risk factor for disease 
and death after age 28 in the developed countries”.  Denham Harman (Harman D. 
Extending functional life span. Exp Gerontol 1998; 22: 95–112). 

I do not agree with Dr. Harman as regards EMODs (oxygen free radicals) being the 
causative factor in aging. It is becoming abundantly clear that EMODs are performing 
vitally important biochemical communications and coordination for the modulation of 
cellular metabolic processes. 
 
I believe that arteriosclerosis is similar to cancer, in that, it is always with us and it is 
allowed to manifest itself in times of EMODs deficiency states, in which there can be 
aggregation of circulating particulates.  Only when the plaque-dissolving EMODs are in 
a deficiency state, will the plaques be allowed to aggregate and form blockages.  Also, it 
should be kept in mind that all layers of the arterial wall are capable of and are 
constantly producing EMODs.  I believe that this normal steady state of EMODs 
production keeps arteriosclerotic buildup from occurring.  This is analogous to the 
increased levels of EMODs produced by PDT, which can dissolve clots in situ.  As 
long as the body is producing adequate EMODs levels by the arterial wall, clots will 
be dissolved and oxidized cholesterol particulates will not aggregate and they will be 
excreted.  A deficiency state of RONS (EMODs) will allow for plaque formation. 
 
Further, I believe that the decreasing levels of EMODs are associated with the overall 
decline that we see in the aging process, which results in decreased O2 intake, O2 
utilization, lowered EMODs and allowance of arteriosclerosis, diabetes, cancer, 
cataracts, etc.  This is specifically the reason that antioxidants have failed to curtail 
or prevent these diseases. 
 
There is a reversibility of arteriosclerosis which has been seen in smokers, after they 
stop smoking.  This is also another example of spontaneous regression.  This illustrates 
my belief that arteriosclerosis is potentially always present and it is only through the 
activity of our internal oxidative-cure system (NOHB) that it is kept in abeyance.  
During times of deficiency levels of EMODs, plaque is allowed to manifest itself as 
arterial blockages.  
  
It has been shown that supplementation with antioxidant vitamins does 
not lower serum lipid and lipoproteins or blood pressure (Hodis, H. N., 
Mack, W. J., LaBree, L., Mahrer, P. R., Sevanian, A., Liu, C. R., Liu, C. H., Hwang, J., 
Selzer, R. H. & Azen, S. P. (2002) Circulation 106, 1453-1459) (Collins, R., Armitage, 
J., Parish, S., Sleight, P. & Peto, R. (2002) Lancet 360, 23-33) (Brown, B. G., Zhao, X. 
Q., Chait, A., Fisher, L. D., Cheung, M. C., Morse, J. S., Dowdy, A. A., Marino, E. K., 
Bolson, E. L., Alaupovic, P., et al. (2001) N. Engl. J. Med. 345, 1583-1592) (Gruppo 
Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico (1999) Lancet 354, 
447-455) (Waters, D. D., Alderman, E. L., Hsia, J., Howard, B. V., Cobb, F. R., Rogers, 
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W. J., Ouyang, P., Thompson, P., Tardif, J. C., Higginson, L., et al. (2002) J. Am. Med. 
Assoc. 288, 2432-2440) (Fang, J. C., Kinlay, S., Beltrame, J., Hikiti, H., Wainstein, M., 
Behrendt, D., Suh, J., Frei, B., Mudge, G. H., Selwyn, A. P., et al. (2002) Lancet 359, 
1108-1113).  
 
Moreover, a recent study, conducted in more than 20,000 subjects, found that 
vitamin E, vitamin C, and -carotene supplementation resulted in small but 
significant increases in plasma Tchol (serum total cholesterol), LDL-C (low density 
lipoprotein-cholesterol), and TG (triglyceride) concentrations (Collins, R., Armitage, 
J., Parish, S., Sleight, P. & Peto, R. (2002) Lancet 360, 23-33).  

In another study, no significant differences were found in serum lipid, lipoprotein, 
and CRP (C reactive protein) concentrations, BP (blood pressure), or IMT (intima-
media thickness) between supplemented and not-supplemented subjects (L Fontana, 
T E. Meyer, S Klein and J O. Holloszy. Long-term calorie restriction is highly effective 
in reducing the risk for atherosclerosis in humans. PNAS. April 27, 2004, vol.101, no. 17, 
pp. 6659-6663).  
 

3.5.9 Oxidized LDL and CVD 

The thickening of artery walls is associated with deposits of cholesterol which appear to 
originate from LDL particles that circulate in the blood. Current research suggests that 
damage to the endothelial cell inner lining of the vessel allows LDL particles and blood 
platelets to enter the artery wall. The LDL contains fatty acids that have more than 
one double bond, i.e. polyunsaturated, which can be attacked by reactive forms of 
oxygen. These are known as free radicals, and can be generated as part of normal 
metabolic processes. The LDL becomes oxidized and may give rise to products that are 
toxic to the cells of the artery wall. 
 
Macrophages attempt to remove the oxidized LDL but are unable to degrade the 
cholesterol, which accumulates as droplets in the cells, thereby giving them a foamy 
appearance. Cholesterol-laden foam cells give a characteristic appearance to the fatty 
streaks observed with atherosclerosis. The toxic products can kill the foam cells leaving 
cholesterol deposits, and the accumulated cholesterol, cells and debris constitute an 
atheroma which can narrow the channel of the artery. I believe that the macrophage 
tries to degrade the cholesterol and consequently, prevent plaque formation.  If it 
can produce enough EMODs, it will be successful. 

Growing evidence that seems to indicate to some that chronic and acute overproduction 

of EMODs under pathophysiologic conditions is integral in the development of 
cardiovascular diseases (CVD). These EMODs can be released from nicotinamide 
adenine dinucleotide (phosphate) oxidase, xanthine oxidase, lipoxygenase, 
mitochondria, or the uncoupling of nitric oxide synthase in vascular cells.  

EMODs may mediate various signaling pathways that underlie vascular inflammation in 
atherogenesis: from the initiation of fatty streak development through lesion progress 

Page 190 of 931 



to ultimate plaque rupture. Various animal models of oxidative stress support the notion 
that EMODs have a causal role in atherosclerosis and other cardiovascular diseases. 
Human investigations may also support the oxidative stress hypothesis of atherosclerosis. 
Oxidative stress is the unifying mechanism for many CVD risk factors, which 
additionally supports its central role in CVD.  

Despite the demonstrated role of antioxidants in cellular and animal studies, the 
ineffectiveness of antioxidants in reducing cardiovascular death and morbidity in 
clinical trials has led many investigators to question the importance of oxidative 
stress in human atherosclerosis.  

Others have argued that the prime factor for the mixed outcomes from using antioxidants 
to prevent CVD may be the lack of specific and sensitive biomarkers by which to assess 
the oxidative stress phenotypes underlying CVD. Investigators try to force their data to 
fit the flawed Free Radi-Crap theory. A better understanding of the complexity of 
cellular redox reactions, development of a new class of antioxidants targeted to specific 
subcellular locales, and the phenotype-genotype linkage analysis for oxidative stress will 
likely be avenues for future research in this area as we move toward the broader use of 
pharmacological and regenerative therapies in the treatment and prevention of CVD (NR 
Madamanchi; A Vendrov; MS Runge. Oxidative Stress and Vascular Disease. 
Arteriosclerosis, Thrombosis, and Vascular Biology. 2005;25:29). Investigators are 
truly perplexed that their well-collected data with antioxidants have not yielded 
results which support the Free Radi-Crap theory. It seemingly never occurs to them 
that their data is correct and the theory is wrong. 

An emerging consensus also underscores the importance in vascular disease of oxidative 
events in addition to LDL oxidation. These include the production of reactive oxygen and 
nitrogen species by vascular cells, as well as oxidative modifications contributing to 
important clinical manifestations of coronary artery disease such as endothelial 
dysfunction and plaque disruption.  

Despite these abundant data however, fundamental problems remain with 

implicating oxidative modification as a (requisite) pathophysiologically important 
cause for atherosclerosis. These include the poor performance of antioxidant strategies 
in limiting either atherosclerosis or cardiovascular events from atherosclerosis, and 
observations in animals that suggest dissociation between atherosclerosis and lipoprotein 
oxidation. Indeed, it remains to be established that oxidative events are a cause rather 
than an injurious response to atherogenesis. In this context, inflammation needs to be 

considered as a primary process of atherosclerosis, and oxidative stress as a secondary 
event. To address this issue, we have proposed an "oxidative response to inflammation" 
model as a means of reconciling the response-to-injury and oxidative modification 

hypotheses of atherosclerosis (R Stocker and JF Keaney, Jr. Role of Oxidative 
Modifications in Atherosclerosis. Physiol. Rev. 84: 1381-1478, 2004). These 
investigators just will not give up on the notion that oxidative responses are 
fundamentally involved in cardiovascular disease. 
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Among the extensively studied intracellular systems capable of generating EMODs in 
vascular cells are the NADH/NADPH oxidase, xanthine oxidase, lipoxygenase, and 
cyclooxygenase systems (Mohazzab KM, Kaminski PM, Wolin MS. NADH 
oxidoreductase is a major source of superoxide anion in bovine coronary artery 
endothelium. Am J Physiol. 1994; 266: H2568–H2572) (Honda HM, Leitinger N, 
Frankel M, et al. Induction of monocyte binding to endothelial cells by MM-LDL: role of 
lipoxygenase metabolites. Arterioscler Thromb Vasc Biol. 1999; 19: 680–686) (White 
CR, Darley-Usmar V, Berrington WR, et al. Circulating plasma xanthine oxidase 
contributes to vascular dysfunction in hypercholesterolemic rabbits. Proc Natl Acad Sci 
U S A. 1996; 93: 8745–8749).  

3.5.10 Atherosclerosis and Mitochondrial Dysfunction 

It has been hypothesized that mitochondrial dysfunction accentuates atherosclerosis 
by modulating the phenotype of vascular cells and that measurements of mtDNA 
damage reflect EMODs-mediated atherosclerosis risk. The paradigm derived from 
studies over the past decade is that mitochondrial damage accumulates in tissues over 
time, which causes cellular oxidative phosphorylation potentials to decline while 
EMOD production increases, thus accelerating cellular dysfunction (Wallace DC. 
Mitochondrial genetics: a paradigm for aging and degenerative diseases? Science. 1992; 
256: 628–632). 

Some findings support the hypotheses that (1) mitochondrial dysfunction plays a role in 
atherogenesis, (2) mtDNA damage at an early stage accurately reflects RS-mediated 
atherosclerotic risk, and (3) SOD2 prevents atherogenesis in areas of low shear stress by 
protecting the mitochondrial genome from oxidative damage. Apparently, SOD2, the 
predominant mitochondrial antioxidant enzyme, is among the genes regulated by 
shear stress forces (Topper JN, Cai J, Falb D, et al. Identification of vascular endothelial 
genes differentially responsive to fluid mechanical stimuli: cyclooxygenase-2, manganese 
superoxide dismutase, and endothelial cell nitric oxide synthase are selectively up-
regulated by steady laminar shear stress. Proc Natl Acad Sci U S A. 1996; 93: 10417–
10422). Because SOD2 expression is apparently increased with high shear stress and 
decreased with low shear stress, it is likely decreased at branch points in vivo, and the 
susceptibility of mitochondria to EMOD-mediated damage would be greatest at these 
sites, consistent with our observations.   

The principal results of these studies—that mtDNA damage precedes atherosclerotic 
lesion formation and that increased mitochondrial EMOD generation (due to deficiency 
in SOD2) increases mtDNA damage and accelerates atherosclerotic lesion formation—
are consistent with the notion that oxidative damage to mtDNA leads to further 
mitochondrial dysfunction and oxidant generation. This "vicious circle" model is 
supported by studies in mice that lack the adenine nucleotide translocator ANT1 and thus 

have uncoupling of oxidative phosphorylation due to impaired exchange of ADP and 
ATP across the mitochondrial inner membrane. In the absence of ANT1, mice have 
increased levels of oxidative species and mtDNA damage (Esposito LA, Melov S, Panov 
A, et al. Mitochondrial disease in mouse results in increased oxidative stress. Proc Natl 
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Acad Sci U S A. 1999; 96: 4820–4825). In my opinion, this “vicious circle” makes no 
sense.  An SOD deficiency would result in less H2O2 formation and less 
mitochondrial EMOD generation, not more. 

However,(here comes another contradiction), recent studies of mice that express a 
proofreading-defective mitochondrial polymerase in the heart failed to demonstrate 
increased EMOD generation (Mott JL, Zhang D, Stevens M, et al. Oxidative stress is 
not an obligate mediator of disease provoked by mitochondrial DNA mutations. Mutation 
Res. 2001; 474: 35–45)  

3.5.11 HIV Therapies and Atherosclerosis 

The widespread use of nucleoside analog reverse transcriptase inhibitors (NRTIs) and 
HIV protease inhibitors (PIs) in Western countries has substantially reduced morbidity 
and mortality in patients with HIV infection. However, adverse effects associated with 
long-term use of these agents are becoming recognized. A growing body of literature 
suggests that many adverse effects associated with the use of NRTIs such as lactic 

acidosis, hepatic steatosis, myopathy, cardiomyopathy, peripheral neuropathy, 
pancreatitis and lipodystrophy syndrome are due to mitochondrial toxicity (Dalakas 
MC, Semino-Mora C, Leon-Monzon M. Mitochondrial alterations with mitochondrial 
DNA depletion in the nerves of AIDS patients with peripheral neuropathy induced by 
2'3'-dideoxycytidine (ddC). Lab Invest. 2001; 81: 1537–1544) (Brinkman K, Smeitink 
JA, Romijn JA, Reiss P. Mitochondrial toxicity induced by nucleoside-analogue reverse-
transcriptase inhibitors is a key factor in the pathogenesis of antiretroviral-therapy-related 
lipodystrophy. Lancet. 1999; 354: 1112–1115). 

In contrast, the adverse effects associated with the use of PIs, hyperlipidemia, 
lipodystrophy, and perhaps, the resulting accelerated atherosclerosis (Henry K, 
Melroe H, Huebsch J, Hermundson J, Levine C, Swensen L, Daley J. Severe premature 
coronary artery disease with protease inhibitors. Lancet. 1998; 35: 1328) (Carr A, 
Samaras K, Chisholm DJ, Cooper DA. Pathogenesis of HIV-1-protease inhibitor-
associated peripheral lipodystrophy, hyperlipidaemia, and insulin resistance. Lancet. 
1998; 351: 1881–1883) have not been attributed to mitochondrial toxicity. In the 
October 2002 issue of Atherosclerosis, Thrombosis and Vascular Biology, Zhong et al 
(Zhong D-S, Lu X-H, Conklin BS, Lin PH, Lumsden AB, Yao Q, Chen C. HIV protease 
inhibitor ritonavir induces cytotoxicity of human endothelial cells. Arterioscler Thromb 
Vasc Biol. 2002; 22: 1560–1566) challenge this paradigm by demonstrating PI-mediated 

mitochondrial dysfunction in endothelial cells and the resultant apoptosis-independent 
cytotoxicity and suggest that PI-induced endothelial cell toxicity contributes to 
accelerated atherosclerosis in HIV patients. 

Surprisingly, given the growing literature on atherosclerotic complications in HIV 
patients treated with PIs, virtually no data exist on the effects of PIs on vascular cells. The 
study by Zhong, et al, examined the effects of a PI, ritonavir, on vascular endothelial cells 
with an emphasis on determining whether ritonavir induced mitochondrial dysfunction, as 
measured by mitochondrial DNA (mtDNA) damage. They found that ritonavir, at 
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concentrations equivalent to the upper range of clinical plasma levels in patients 

receiving ritonavir, causes mtDNA damage and a cytotoxic effect through apoptosis-
independent mechanisms. Together with their prior findings, that ritonavir treatment 
diminishes endothelium-dependent vasorelaxation in monkey arteries and significantly 
increases superoxide production in both human endothelial cells and monkey arteries, 
these findings suggest a role for EMODs in ritonavir-induced mtDNA damage. 

A causal relationship between EMODs and mtDNA damage is interesting to entertain for 
the following reasons: 1) mitochondria are an abundant source of EMODs in vascular 
cells; 2) mutagenic lesions caused by EMODs affect mtDNA polymerase and 
mitochondrial replication; 3) oxidant-induced mtDNA damage is accompanied by 
decreased mitochondrial, RNA, and protein synthesis and defective respiratory function.  

Apolipoprotein E-/- mice deficient in manganese superoxide dismutase, a mitochondrial 

antioxidant enzyme, exhibited early increases in mtDNA damage and accelerated 
atherogenesis phenotype at arterial branch points. These reports provide a possible 
mechanism for PI-induced premature atherosclerosis via EMODs mediated mtDNA 
damage that can be tested in further studies.  I believe that the MnSOD deficiency 
equated to an H2O2 deficiency state, which would “allow” the development of 
atherosclerosis. 

Additionally, the HIV patient should serve as a good study model for premature 
atherosclerosis and help in ways to prevent its occurrence. 

3.5.12 Metabolic Changes and Atherosclerosis 

Atherosclerosis is rapidly becoming the leading cause of death in the USA. Aging is  
associated with significant metabolic changes, resulting in age-dependent increases of 
the body mass index, development of insulin resistance and/or diabetes, as well as 
changes in lipid metabolism (Barbieri M, Rizzo MR, Manzella D, Paolisso G. Age-
related insulin resistance: is it an obligatory finding? The lesson from healthy 
centenarians. Diabetes Metab Res Rev 2001; 17: 19–26) (Cohen PG. Aromatase, 
adiposity, aging and disease. The hypogonadal–metabolic–atherogenic–disease and aging 
connection. Med Hypotheses 2001; 56: 702–708) (Chvojkova S, Kazdova L, Divisova J. 
Age-related changes in fatty acid composition in muscles. Tohoku J Exp Med 2001; 195: 
115–123) (Zeeh J, Platt D. The aging liver: structural and functional changes and their 
consequences for drug treatment in old age. Gerontology 2002; 48: 121–127) (Wilson 
PW, Kannel WB. Obesity, diabetes, and risk of cardiovascular disease in the elderly. Am 
J Geriatr Cardiol 2002; 11: 119–23,125) (Mulkerrin EC, Clark BA, Epstein FH. Increased 
salt retention and hypertension from non-steroidal agents in the elderly. Q J Med 1997; 
90: 411–415).  

The incidence of hypertension increases in the elderly and may be related to enhanced 
sodium sensitivity and activation of the sympathetic nervous system, as well as abnormal 
responses to certain drugs such as non-steroidal anti-inflammatory drugs (NSAIDs).  The 
pathogenesis of age-dependent diseases appears to be more complex since it also involves 
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local cellular changes in the kidney, the vasculature and circulating blood cells (Brenner 
RM, Wrone EM. The epidemic of cardiovascular disease in end-stage renal disease. Curr 
Opin Nephrol Hypertens 1999; 8: 365–369). 

If disease or physiological processes such as aging or menopause sets in, endothelial 
cell function deteriorates, and the finely tuned release of growth inhibitors and mitogens 

gets out of balance. 

In the vasculature, early lesions of the atherosclerotic plaque (fatty streaks) consisting 
of endothelial deposits of lipid-laden macrophages can be detected in the fetal aorta, 
and their progression is aggravated by maternal hypercholesterolemia (Ross R, 
Glomset JA. Atherosclerosis and the arterial smooth muscle cell: proliferation of smooth 
muscle is a key event in the genesis of the lesions of atherosclerosis. Science 1973; 180: 
1332–1339) (Napoli C, D'Armiento FP, Mancini FP et al. Fatty streak formation occurs 
in human fetal aortas and is greatly enhanced by maternal hypercholesterolemia. Intimal 
accumulation of low density lipoprotein and its oxidation precede monocyte recruitment 
into early atherosclerotic lesions. J Clin Invest 1997; 100: 2680–2690).  

This suggests that lipids play an essential role for disease onset and progression of 
atherosclerosis already early in life. Vascular endothelial cell injury is a key event in 
atherogenesis, indicating that under normal conditions intact endothelial cells protect 
from atherosclerosis. Consequently, endothelial factors such as endothelin-1 have been 
identified to play a direct role in the genesis of experimental glomerulosclerosis and 
atherosclerosis, and analogies between ‘accelerated aging’ and uremia have been 
proposed. Thus, it would not be surprising if changes in production and/or activity of 
these mediators with aging would either promote or delay the disease process but up 
until now, intervention has had little effect. 
 

Endothelial factors such as endothelin-1 have been identified to play a direct role in the 
genesis of experimental glomerulosclerosis and atherosclerosis (Amann, K, and Ritz, E. 
Cardiovascular abnormalities in aging and in uremia—only analogy or shared 
pathomechanisms?  Nephrol dial transplant 1998; 13: 6-11).  Endothelial cells form the 
inner lining of arterial blood vessels and amount to ~1.5 kg, covering an area of 
approximately four tennis courts (Luscher, T.F. and Barton, M. Biology of the 
endothelium. Clin Cardiol 1997; 20: II-3-10).    
 
Under healthy conditions, endothelial cells constantly produce a wide variety of 
vasoactive and trophic substances that control inflammation, vascular growth, 
vasomotion, platelet function, and plasmatic coagulation.  These substances include 
EMODs, prostacyclin, NO, superoxide anion (O2

.-), angiotensin II, and endothelin-1.  
Aging, diseases and menopause can cause an imbalance in these factors.  Vascular 
endothelial cell injury is a key event in atherogenesis (Ross, R. and Glomset, J.A. 
Atherosclerosis and the arterial smooth muscle:  proliferation of smooth muscle is a key 
event in the genesis of the lesions of atherosclerosis.  Science 1973; 180: 1332-1339). 
This indicates that under normal conditions, intact endothelial cells protect one from 
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the development of atherogenesis.  Aging tends to have decreased levels of O2 
consumption, NO production and increased levels of O2

.- production, with 
subsequent formation of peroxynitrite, which causes nitrosylation and protein 
damage.   
 
NO is a short-lived gaseous molecular vasodilator, which also shares strong anti-
aggregatory and in-inflammatory properties.  NO reacts with O2

.- at a diffusion-limiting 
rate of 6.7 X 109/s and thereby reduces the bioactivity of NO and forms cytotoxic 
peroxynitrite (Ignarro, L.J. Physiology and pathophysiology of nitric oxide.  Kidney Int 
Suppl 1996; 55: S2-S5).  Curiously, in humans, the coronary arterioles do not 
develop atherosclerosis even if the epicardial arteries are affected.  Also, certain 
arteries such as the internal mammary artery and the radial artery rarely develop 
atherosclerosis even up to high age (Barton, M. Ageing as a determinant of renal and 
vascular disease:  role of endothelial factors.  Nephrol Dial Transplant 2005; 20: 485-
490).   
 
Atherosclerosis is a multifactorial disease, with several risk factors that affect the 
likelihood and severity of the clinical outcome.  The oxidation theory is now, according 
to some, an established hypothesis of atherogenesis and suggests that the accumulation of 
oxidized LDL in the vessel wall is an early event in disease progression.  The evidence 
supporting the hypothesis includes the observation that structurally different antioxidants 
probucol, butylated hydroxytoluene and N,N’-diphenyl-phenylene-diamine inhibit 
both ex vivo LDL oxidation and atherosclerosis in animals. 
 
However, there is also evidence that the extent of protection against ex vivo LDL 
oxidation is not a predictor of an antiatherogenic effect, and that atherogenesis can be 
dissociated from aortic lipoprotein lipid peroxidation.  Also, the outcomes of 
interventions with vitamin E in coronary heart disease in humans continue to be 
disappointing.  The conflicting findings may reflect our limited understanding of the 
relevance of lipoprotein oxidation to atherogenesis and of how antioxidants protect from 
disease, and suggest that we need to reassess the strengths and weaknesses of the 
oxidation theory.  These statements illustrate the flaws of the Free Radi-Crap theory. 

3.5.13 Denham Harman, M.D., Ph.D. 

Because of his great contributions the study of aging and because of the great interest he 
created in the subject, I felt it only appropriate to include this article for LE Magazine just 
as it was written.  However, I also feel obliged to insert my comments in bold italics for 
a fair and balanced handling of this subject. 

Most of this work is based on the Free Radical Theory of oxidative stress and aging 
(FRT), which was introduced over a half a century ago by Dr. Denham Harman and 
modified by others, the most notable of which was Dr. Bruce Ames.  For centuries, 
scientists and medical practitioners have proposed over 300 theories purported to 
explain the aging phenomenon (Ashok, B.T., and Ali, R. The aging paradox:  free 
radical theory of aging.  Exp Gerontol 1999; 34: 293-303).   In developed countries, 
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aging is the most significant risk factor for age and death after age 28 years 
(Harman, D. Extending functional life span.  Exp Gerontol 1998; 22: 95-112). 

LE Magazine July 2004:  A Pioneer in Gerontology and Anti-aging Research 
by John Colman

When the history of gerontology is written and the names of the 
most influential gerontologists are compiled, one name may well 
stand above all the rest: Denham Harman, MD, PhD. 

Theories of aging can roughly be divided into two categories: 
stochastic theories and pleiotropic theories. Stochastic 
theories argue that aging is caused by random chemical 
insults at the molecular level, such as damage from free radicals. 
Pleiotropic theories claim that aging is genetically 
programmed and therefore essentially unchangeable. 

Professor emeritus at the University of Nebraska Medical School, Harman is founder of 
the American Aging Association and the International Association of Biomedical 
Gerontology. He is best known as the having developed the “free radical theory of 
aging,” which grew out of the initial earlier work by Dr. R. Gerschman. This influential 
theory, whose foundations lay in experiments arising from the dawn of the Atomic Age, 
was a breathtaking leap of scientific speculation based on observations of free radical 
chemistry in biological systems.  

3.5.14 Origins of Free Radical Theory 
In 1954, at the peak of the Cold War, Americans were building fallout shelters in their 
backyards. The US government was converting the basements of schools, churches, and 
other public buildings into fallout shelters and offering rewards to prospectors who 
discovered substantial uranium deposits in the US or Canada. Nine years earlier, the first 
use of nuclear weapons against Japan ended World War II but also raised important 
scientific questions about the effects of radiation on humans. 

The US Office of Naval Intelligence funded several studies from 1947 to 1954, including 
some of Harman’s early studies, in an effort to determine what caused radiation damage 
in humans, and to test whether antioxidants and other radioprotective compounds could 
protect soldiers and civilians against the effects of ionizing radiation. Researchers noted 
that mice produced free radical species in massive quantities during intense radiation 
exposure, and that cancers normally associated with advanced aging were seen 
immediately in the exposed mice. Articles on the chemistry of free radicals published 
during this period convinced Harman that radiation exposure produced a model of 
accelerated aging and that the same free radical species present in normal 
metabolism must be responsible for the ordinary aging process itself. 

Although he proposed the free radical theory of aging in 1954, Harman tested it by 
administering dietary antioxidants to various strains of mice. By 1957, he had shown 
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that radioprotective compounds prolonged the median life span of mice. Thus was 
born the first dietary antioxidant study that sought to increase the life span of mammals. 
Many dozens of other dietary antioxidant studies have followed over the years, 
confirming that free radicals play an important role in the aging process. 

The popular somatic mutation theory of aging, set forth by Howard L. Curtis in 
1959, pushed Harman’s free radical theory of aging into the background and became the 
rage in gerontology circles for more than a decade. In 1972, however, Hart and Setlow’s 
discovery of numerous effective but unsuspected DNA repair mechanisms 
completely upended the somatic mutation theory of aging along with other pleiotropic 
theories of aging based on the same assumptions used in Curtis’ theory. 

While most of the “programmed” (pleiotropic) theories of aging have been disproven 
over the years, the original free radical theory of aging and numerous variations of it 
have withstood the test of time. Libraries full of empirical research evidence have 
accumulated showing the deleterious effects of free radicals on biological tissues and 
their protection by thousands of antioxidants, both natural and synthetic. Thanks 
largely to the early work of Denham Harman, many gerontologists and anti-aging 
advocates have a sound scientific basis for believing that natural and pharmacological 
interventions can significantly extend the average life span of mammals, including 
humans. 

3.5.15 Pushing the Bounds of Research 
In 1961, Harman published a study showing that the degree of polyunsaturation in fats 
had a dramatic effect on cancer rates in mice. The most highly polyunsaturated 
dietary fats were found to be the most carcinogenic; the least saturated dietary fats 
were shown to be the least carcinogenic. It took most of the scientific and medical 
community about 30 years to “rediscover” this fact, after decades of epidemiological 
studies around the world showed that olive oil and other monounsaturated fats are a far 
better dietary alternative in humans to polyunsaturated vegetable oils. Today, the so-
called “Mediterranean diet” emphasizing monounsaturated fats is associated with low 
rates of cancer and heart disease, and is considered a model diet. In fact, it is now widely 
accepted that monounsaturated fats are “good” fats because they lower inflammation 
and lower the risk of cancer.  Please remember that unsaturated fats have been 
associated with increased colon cancer in some studies but a causal relationship has not 
been established. 

A major criticism of the early dietary antioxidant studies was that the antioxidants 
administered produced only modest increases in the life span of mice, generating 
increases in median life span that failed to exceed the maximum life span postulated for 
the species. In effect, the critics were saying that the large doses of antioxidants tested 
merely lowered the animals’ cancer rates without having any effect on their true life span. 
Harman was among the first to recognize the validity of this criticism. As a result, he 
returned to his laboratory and in 1968 published a dietary antioxidant study showing that 
the food preservative BHT fed over a lifetime to mice produced a 45% increase in life 
span. This exceeded both the median and maximum life span for that species, offering 
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the first proof that dietary antioxidants can increase life span in mice almost equal to the 
effects of caloric restriction. Long term studies with a wide array of antioxidants have 
not been shown to increase the maximum age limit. 

In 1972, Harman published a hypothesis entitled “Is the Mitochondrion the True 
Biological Clock?” It was by then becoming obvious that free radicals in mammals 
increased when their caloric output was raised. Exercise has proven to be of great 
benefit to overall good health, even though it generates extreme amounts of EMODs. 
In his original theory, Harman attributed free radical production to iron- and 
copper-containing enzymes, which we now know to be true, but here he postulated that 
species of animals that had a higher metabolic rate aged faster than those with lower 
metabolic rates. Likewise, free radical production increased during exercise, which 
pointed to the energy-producing organelles called the mitochondria as a major, if not 
the major, source of free radicals. 

Many “mitochondrial” theories of aging have since been published. Research during the 
1990s confirmed that 91% of oxygen reduction occurs in the mitochondria and that 
the majority of free radicals are indeed generated by the mitochondria. These studies 
showed that mitochondrial decay plays a large role in aging, and that the antioxidants 
alpha-lipoic acid and acetyl carnitine reverse this decay to levels found in young 
animals. Actually, the major sources of cellular EMODs are the endoplasmic 
reticulum, the peroxisome and the mitochondria, in that order, respectively. Further, 
follow-up studies with a-lipoic acid and acetyl carnitine have not predictably supported 
these early studies or everyone would be taking them today. 

Forty years of research also has proved Harman right in his original assumption that iron- 
and copper-containing enzymes are one of the largest sources of free radicals. These three 
groups of enzymes—the cyclooxygenases, monoxygenases, and lipoxygenases—act as 
continuous generators of the extremely reactive hydroxyl radical. It is now is well 
established that the liver and other cells contain monoxygenases that act as detoxifying 
agents but also convert harmless compounds into powerful carcinogens. Liver 
enzymes convert harmful pesticides, herbicides and pollutants into excretable harmless 
products. We also know that many of the cyclooxygenase enzymes act as 
inflammatory agents that are believed to contribute to heart disease and cancers. 

One of Harman’s earliest and most accurate predictions concerned the cause of heart 
disease in humans. Writing in 1956 in the Journal of Gerontology, he predicted that the 
primary initiating event in atherosclerosis was the oxidation of low-density 
lipoprotein (LDL) cholesterol, something that has been accepted as fact in just the past 
10 years. This has not proven to be true and LDL oxidation has now assumed a 
secondary role in atherosclerosis. While few of the molecular details of that process 
were known when Harman wrote his original article, he nevertheless predicted that 
antioxidants could slow or prevent LDL oxidation. Today we know that antioxidants 
such as vitamin E, ascorbic acid, and the flavonoids contained in green tea do 
indeed slow down the process of LDL oxidation. Today, we know that antioxidants 
can cause severe harm and can even be lethal. They are not a panacea, by any stretch 
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of the imagination. Contrary to what some studies claim, green tea probably does not 
help prevent breast, prostate or any other type of cancer, the U.S. Food and Drug 
Administration said on 6/30/05. 

3.5.16 A Pioneer Still Active Today 
Today, Denham Harman, at age 88, remains active in the science of aging. He helped 
organize the 9th Congress of the International Association of Biomedical Gerontology, 
and currently is writing a paper on various therapies to slow the aging process. He says 
he is disappointed with the slow pace of progress on pure aging research, which he 
blames in part on limited funding and on scientists who are unfamiliar with older aging 
research duplicating what has already been done in the past. Another problem in aging re-
search, according to Harman, is that “the chemists don’t understand biology and the 
biologists don’t understand chemistry”—many researchers are confined to their 
various niches and fail to understand the work going on in other specialties. 

Harman believes that Western societies are reaching a human life span plateau of about 
85 years, thanks purely to medical interventions. This is referred to as the 
rectangularization of the life limit. He predicts that without further pharmacological 
steps to slow the aging process, we will be soon “hit a wall” with no major increases in 
longevity beyond that point. 

Denham Harman has been unerring in predicting the causes of aging decades before 
others reached the same conclusions. Both his free radical theory of aging and proposal 
that the mitochondrion is the true biological clock have been confirmed repeatedly in 
empirical data. His work has blazed a trail for other researchers as they seek to further 
define the exact mechanisms of aging and to develop therapies to slow or halt its 
progression. 

In short, I have great respect for D. Harman and his intellectual curiosity. It has 
stimulated the good works of many others. 

“Again and over and over again, 
application of the free radical theory of aging and oxidative stress 

fails miserably to curtail man’s misery. 
Yet, the blind-believers bow, at the illusory altar 

of Harman and Ames, praying that the holy antioxidants 
will prevent and cure them of their ills…. 

with no relief in sight,  
for their leaders have deceived them. 

The antioxidant faithful have only been given the  
poisoned pabulum of the party line. 

Hearken, do not despair. 
Summarily, truth is being shaken and aroused  

from its fifty year trance… 
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by Howes.” 
R. M. Howes, M.D., Ph.D. 

12/12/04 

Dr. Harman has stated that the support for the free radical theory is as follows: 
1) Studies of the origin and evolution of life 
2) Studies of the effect of ionizing radiation on living things 
3) Dietary manipulations of endogenous free radical reactions 
4) The plausible explanations it provides for aging phenomena 
5) The growing number of studies that implicates free radical reactions in the 
pathogenesis of specific diseases (Harman, D. in Free Radicals, Aging, and 
Degenerative Diseases, 1986, eds. Johnson, J.E., Jr., Walford, R., Harman, D. and 
Miquel, J. (Liss, New York), pp. 3-49.) (Harman, D. The aging process: major risk factor 
for disease and death. Proc Natl Acad Sci U S A. 1991 Jun 15;88(12):5360-3). 

In an article in 1987, Cross et al stated the following:  “Toxic oxygen free radicals have 
been implicated as important pathologic mediators in many clinical disorders. We discuss 
the chemistry of oxygen radical production and the roles of iron and of various 
antioxidants as well as the diseases that have received active attention in oxy-radical 
research. Particular attention is focused on cigarette smoke oxidants, ischemia-
reperfusion-induced radical production, carcinogenesis, and aging. Such research may 
well provide a firm foundation for therapeutic breakthroughs” (Cross CE, Halliwell 
B, Borish ET, Pryor WA, Ames BN, Saul RL, McCord JM, Harman D.  Oxygen radicals 
and human disease. Ann Intern Med. 1987 Oct;107(4):526-45).  However, as of 2005, 
the anticipated therapeutic antioxidant breakthroughs have failed to materialize. 
 
It has been shown that supplementation with antioxidant vitamins does 
not lower serum lipid and lipoproteins or blood pressure 
 
A recent study, conducted in more than 20,000 subjects, found that vitamin E, 
vitamin C, and -carotene supplementation resulted in small but significant 
increases in plasma Tchol (serum total cholesterol), LDL-C (low density 
lipoprotein-cholesterol), and TG (triglyceride) concentrations (Collins, R., 
Armitage, J., Parish, S., Sleight, P. & Peto, R. (2002) Lancet 360, 23-33).  

There are a growing number of studies which fail to implicate free 
radical reactions as being causative of specific diseases. 

Attempts, with antioxidants, to prevent cancer have failed. 
 “ “ “ “ diabetes have failed. 
 “ “ “ “ atherosclerosis have failed. 
 “ “ “ “ strokes have failed. 
 “ “ “ “ amyloidosis have failed. 
 “ “ “ “ Alzheimer’s disease have failed. 
 “ “ “ “ Parkinson’s disease have failed. 
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 “ “ “ “ arthritis have failed. 
This pattern has repeated itself over and over again in attempts to prevent any and all 
diseases and to stop the aging process.  Attempts to extend the normal lifetime 
expectancy have been very disappointing and inconclusive.   
 
To the contrary, diseases of EMOD deficiency states, such as chronic granulomatous 
disease, clearly demonstrate the crucial need for EMOD generation.     
      
As regards, the products of ionizing radiation and the products of oxygen 
metabolism, the work of Ogawa shows that the effect of radiation and H2O2 
(EMODs) are, indeed, different in the living/breathing cell.  I have said for a long 
time that the energetics are completely different for these two modalities and thus, it 
would be illogical to expect their products to be exactly the same.  If the energetics 
of the two were equal, we would, perhaps, observe trillions of tiny mushroom 
clouds, when scanning the living/breathing body.  We could follow their course with 
a Geiger counter, instead of trying to measure the presence of lipid peroxides or 
hydroxylated nucleic acids or sterol formation. 

3.5.17 EMODs and Vascular Physiology 
 
Some of the following material was excerpted, abstracted or modified from: (KK 
Griendling, DG Harrison. Dual Role of Reactive Oxygen Species in Vascular Growth. 
Circulation Research. 1999;85:562-563). 

Virtually all mammalian cells produce EMODs. It was generally believed that these 
were by-products of cellular respiration and metabolism, and that they exerted dastardly 
toxic effects, including DNA damage and lipid oxidation. Recent evidence has 
demonstrated that this concept is wrong and that EMODs are produced in a controlled 
fashion and likely have critical signaling functions. Likewise, antioxidant defenses 
play a role in modulating the ambient steady-state levels of reactive oxygen species. 
Actually, I believe that the antioxidants are there as co-metabolic factors and not 
just there for the purpose of countering “dangerous” EMODs. Biological or 
pharmacological manipulation of endogenous antioxidants can have a profound effect on 
cellular function. 

Hydrogen peroxide (H2O2) plays a particularly important role in signal transduction. 
H2O2 is uncharged and is freely diffusible within and between cells. Compared with other 
reactive oxygen species, it is also quite stable.  

One major source of H2O2 is a membrane-bound NADH/NADPH oxidase, the activity of 
which is regulated by hormones, growth factors, and physical forces. The primary 
product of this enzyme system is superoxide (O2

·-), which is rapidly dismutated to H2O2 
by the superoxide dismutases. Removal of H2O2 is regulated by two important enzymes, 
catalase and glutathione peroxidase. Reaction products of H2O2, including lipid 
hydroperoxides, are also biologically active, as is the regenerated oxygen. 
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Given the fact that the molecule is diffusible and stable and that its production and 
removal are highly regulated, H2O2 is an obvious candidate as a second messenger. 
Indeed, many studies have demonstrated that H2O2 mediates intracellular responses 

to extracellular stimuli. Early work showed that both tyrosine kinases and tyrosine 
phosphatases were targets of exogenous H2O2, and agonist-induced activation of these 
enzymes is redox sensitive. Strong evidence for an involvement of H2O2 in ERK1/2 and 
p38 MAPK activation by growth factors and angiotensin II has been obtained.  

H2O2 mediates epidermal growth factor–induced phosphorylation of its receptor and 
phospholipase C, platelet-derived growth factor (PDGF) stimulation of STATs, activation 
of Akt by angiotensin II, and tyrosine phosphorylation of protein kinase C. Activation of 
ras by reactive oxygen species is also potentially quite important. Recently, it has been 
shown that catalase, after reacting with H2O2, can activate guanylate cyclase. This 
seems to occur via a unique mechanism that is quite different from the heme-mediated 
activation of guanylate cyclase by nitric oxide. 

Overexpression of human catalase has dual effects on vascular smooth muscle cells. 
Smooth muscle cells overexpressing catalase have decreased rates of DNA synthesis 
and cell proliferation and higher rates of apoptosis. This is apparently due to the 
removal of H2O2. Catalase-overexpressing cells also show an induction of COX-2 
protein, which may modulate cell growth by increasing the formation of growth-
inhibitory prostaglandin, PGE2. A COX-2 inhibitor reversed the reduction in cell 
number consequent to catalase overexpression. 

Stable transfecton of rat aortic smooth muscle cells with human catalase blocked 
angiotensin II–induced H2O2 production and hypertrophy. The concept that EMOD 
are growth promoting is further supported by reports that treatment of vascular smooth 
muscle cells with the antioxidants N-acetyl-cysteine or pyrrolidine dithiocarbamate 

dose dependently reduced cell viability and enhanced apoptosis. Please keep this in 
mind as an effect of antioxidants. Overexpression of catalase, another antioxidant, also 
increased apoptosis (Brown MR, Miller FJ Jr, Li WG, Ellingson AN, Mozena JD, 
Chatterjee P, Engelhardt JF, Zwacha RM, Oberley LW, Fang X, Spector AA, Weintraub 
NL. Overexpression of human catalase inhibits proliferation and promotes apoptosis in 
vascular smooth muscle cells. Circ Res. 1999;85:524–533). 

Not all studies agree that oxidant stress is growth promoting and others have shown that 
H2O2 actually may enhance apoptosis.  Although H2O2 initially increases DNA synthesis, 
this increase is followed by cell death (Fiorani M, Cantoni O, Tasinato A, Boscoboinik D, 
Azzi A. Hydrogen peroxide- and fetal bovine serum-induced DNA synthesis in vascular 
smooth muscle cells: positive and negative regulation by protein kinase C isoforms. 
Biochim Biophys Acta. 1995;1269:98–104).  

Exposure of vascular smooth muscle cells to glucose/glucose oxidase (which generates 
H2O2) induces apoptosis via the formation of hydroxyl radicals (Li PF, Dietz R, von 
Harsdorf R. Reactive oxygen species induce apoptosis of vascular smooth muscle. FEBS 
Lett. 1997;404:249–252). The resolution of this apparent “paradox” is likely related to 
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the levels and identity of the reactive oxygen species and antioxidants under 
consideration. As I have been saying all along, each EMOD must be considered on an 
individual basis, relative to its specific biochemical characteristics.  Thus, although a 
certain level of oxidant stress appears to be growth promoting, more severe stress may 
lead to cell death. 

 Similarly, treatment with excess antioxidants, either pharmacologically or by 
overexpression of endogenous enzymes, may reduce the level of reactive oxygen 
species below that necessary for survival, triggering entry into the apoptotic pathway.  
This is the EMOD deficiency state or level to which I have been referring. 

Recent studies strongly support a role of H2O2 as an important signaling molecule in 
vascular smooth muscle and H2O2 shares some similarities to nitric oxide in this regard. 
Both nitric oxide and H2O2 are EMODs that are freely diffusible between cells and both 
nitric oxide and H2O2

 have different effects depending on their concentration. It has now 
become clear that H2O2 has specific cellular targets, as does nitric oxide, and the 
biological effects of both of these reactive oxygen species seem critical to normal 
vascular function.  
 

3.5.18 Self-Propagation of Hydrogen Peroxide and Vascular Disease  
 
Some of the following material was excerpted, abstracted or modified from:  (Hua Cai. 
NAD(P)H Oxidase–Dependent Self-Propagation of Hydrogen Peroxide and Vascular 
Disease. Circulation Research. 2005;96:818). 
 
Excessive production of EMODs in the vasculature allegedly contributes to 
cardiovascular pathogenesis. Among biologically relevant and abundant reactive oxygen 
species, superoxide (O2

·–) and hydrogen peroxide (H2O2) appear most important in 
redox signaling. O2

·– predominantly induces endothelial dysfunction by rapidly 
inactivating nitric oxide (NO·). H2O2 influences different aspects of endothelial cell 
function via complex mechanisms.  
 
Studies have shown that H2O2 stimulates EMOD production via enhanced intracellular 
iron uptake, mitochondrial damage, and sources of vascular NAD(P)H oxidases, 
xanthine oxidase, and uncoupled endothelial nitric oxide synthase (eNOS). This self-
propagating phenomenon likely prolongs H2O2-dependent pathological signaling in 
vascular cells, thus possibly contributing to vascular disease development.  
 
Vascular NAD(P)H oxidase–dependent overproduction of EMOD contributes to 
pathogenesis of cardiovascular diseases (Li JM, Shah AM. Endothelial cell superoxide 
generation: regulation and relevance for cardiovascular pathophysiology. Am J Physiol 
Regul Integr Comp Physiol. 2004; 287: R1014–R1030).   
 
Ambient production of H2O2 at low levels, likely maintained by pre-assembled NAD(P)H 
oxidases, is necessary for endothelial cell growth and proliferation (Griendling KK, 
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Harrison DG. Dual role of reactive oxygen species in vascular growth. Circ Res. 1999; 
85: 562–563) (Eyries M, Collins T, Khachigian LM. Modulation of growth factor gene 
expression in vascular cells by oxidative stress. Endothelium. 2004; 11: 133–139).  Under 
pathological conditions, however, agonists-provoked activation of vascular NAD(P)H 
oxidases produces H2O2 in large quantities, which in turn amplifies its own 
production, resulting in possible compensatory or detrimental consequences. 

Though some believe that EMODs are likely involved in vascular pathogenesis, the 
specific, individual reactive oxygen species that is most important in pathological 
signaling remains to be identified. Selectively overproducing or removing H2O2 in 
rodents was found highly influential of atherosclerotic development. Mice 
overexpressing NAD(P)H oxidase subunit p22phox had markedly increased atheroma 
formation in a carotid ligation model (Khatri JJ, Johnson C, Magid R, Lessner SM, 
Laude KM, Dikalov SI, Harrison DG, Sung HJ, Rong Y, Galis ZS. Vascular oxidant 
stress enhances progression and angiogenesis of experimental atheroma. Circulation. 
2004; 109: 520–525).  

This response was associated with enhanced H2O2 production in the vessel wall, and was 
abolished by scavenging H2O2 with ebselen, which may implicate a critical role of H2O2 
in atherogenesis. Parallel studies using different animal models and catalase scavenging 
of H2O2 from another group confirmed the same notion, offsetting the concern that 
ebselen also removes peroxynitrite.  

Others cross bred transgenic mice overexpressing Cu/Zn-SOD or catalase with mice 
deficient in apolipoprotein E (apoE–/–), to examine a specific role of H2O2 versus O2

·– in 
atherogenesis. They found that whereas overexpressing Cu/Zn-SOD had no effect on 
atherosclerotic lesion formation in apoE–/– mice, overexpression of catalase or co-
overexpression of catalase and Cu/Zn-SOD markedly retarded atherosclerosis in 
many aspects including lesion severity, lesion size, and area of affection throughout the 
aortic tree (Yang H, Roberts LJ, Shi MJ, Zhou LC, Ballard BR, Richardson A, Guo ZM. 
Retardation of atherosclerosis by overexpression of catalase or both Cu/Zn-superoxide 
dismutase and catalase in mice lacking apolipoprotein E. Circ Res. 2004; 95: 1075–
1081). These observations were consistent with the findings by Tribble, et al, that 
overexpression of Cu/Zn-SOD failed to prevent atherosclerosis in high-fat diet–fed 

apoE–/– mice (Tribble DL, Gong EL, Leeuwenburgh C, Heinecke JW, Carlson EL, 
Verstuyft JG, Epstein CJ. Fatty streak formation in fat-fed mice expressing human 
copper-zinc superoxide dismutase. Arterioscler Thromb Vasc Biol. 1997; 17: 1734–
1740). 

Please remember that SOD generates H2O2. 

These data may indicate that H2O2 is more atherogenic than O2
·–. The protective effects 

of catalase overexpression were found independent of plasma lipids. Evidence gained 
from ecSOD-null mice and adenovirus-mediated overexpression of ecSOD supports that 
ecSOD is the main determinant of NO· bioavailability in the vessel wall and is thus 
involved in blood pressure regulation.  Sentman and colleagues found that mice deficient 
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in ecSOD developed similar atherosclerotic lesions compared with wild-type mice 
(Sentman ML, Brannstrom T, Westerlund S, Laukkanen MO, Yla-Herttuala S, Basu S, 
Marklund SL. Extracellular superoxide dismutase deficiency and atherosclerosis in mice. 
Arterioscler Thromb Vasc Biol. 2001; 21: 1477–1482). I believe that this deficiency of 
SOD leads to a deficiency of H2O2, which leads to atherogenesis.   

Please do not forget the Baylor studies which showed that H2O2 would 
mobilize vascular wall lipids and dissolve plaque. 

Different from O2
·– that is charged, hardly permeable, and extremely short-lived, H2O2 

produced either intracellularly, within mitochondria, or at extracellular space is 
uncharged, relatively longer-lived, and freely diffusible. As for NO·, this property makes 
H2O2 an ideal signaling molecule. 

Besides intracellular autocrine signaling, the capacity of diffusing among adjacent 
cells enables H2O2 for paracrine signaling.  H2O2 produced by vascular smooth muscle 
can diffuse to endothelium to regulate endothelial cell function. Laude et al recently 
showed that H2O2, produced in vivo in mice overexpressing p22phox in vascular smooth 
muscle, upregulates eNOS gene expression (Cai H, Davis ME, Drummond GR, Harrison 
DG. Induction of endothelial NO synthase by hydrogen peroxide via a 
Ca(2+)/calmodulin-dependent protein kinase II/janus kinase 2-dependent pathway. 
Arterioscler Thromb Vasc Biol. 2001; 21: 1571–1576). H2O2, derived from adjacent 
vascular cells, is able to modulate endothelial function, further supporting a unique 
signaling role of H2O2

 in the vasculature. 

Numerous signaling cascades are activated by H2O2 to mediate changes in vascular 
function including endothelial overgrowth,  angiogenesis, smooth muscle proliferation 
and hypertrophy, endothelial barrier dysfunction and cytoskeleton reorganization,  
endothelial apoptosis, induction of inflammatory proteins, endothelium–leukocyte 
interaction, and vascular remodeling.  

 H O  potently activates MAPK members ERK1/2, p38MAPK, JNK, and ERK5 in 
both vascular endothelial and smooth muscle cells (Sundaresan M, Yu ZX, Ferrans 
VJ, Irani K, Finkel T. Requirement for generation of H2O2 for platelet-derived growth 
factor signal transduction. Science. 1995; 270: 296–299). 

2 2
 

 Recent studies indicate that 
H O  activation of ERK1/2 and p38MAPK in endothelial cells requires CaMKII Receptor 
tyrosine kinases such as those for EGF, PDGF, FGF, VEGF, and non-receptor tyrosine 
kinases such as JAK2, 

2 2
 

  

Src, Cas, FAK, and Pyk2, are responsive to H O  in vascular cells 
and often lie upstream of MAPK.  

2 2
 

Axl is a novel receptor tyrosine kinase identified in vascular smooth muscle, and its 
activation by H2O2 mediates neointima formation after vascular injury.  Mitochondrial 
function was recently found necessary for H2O2-induced growth factor transactivation. 
Redox-sensitive transcriptional factors including NF B, AP-1, and HIF-1  are often 
activated via MAPK to modulate changes in gene expression and cellular function.  
Phosphorylation-dependent posttranslational regulation of proteins also occurs in 
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response to H2O2. H2O2 induces PI3-Kinase/Akt-dependent phosphorylation of eNOS, 
leading to a compensatory, transient increase in NO· production, which may serve as an 
intermediate step for long-term detrimental consequences.  

H2O2 is able to amplify its own production in vascular cells, and this phenomenon likely 
contributes to its alleged long-lasting pathological effects. To date, at least 5 different 
mechanisms potentially underlie self-propagation of H2O2. Earlier studies demonstrated 

that extra-mitochondrial H2O2 can induce mitochondrial DNA damage, destroying 
respiratory enzymes to produce reactive oxygen species. Secondly, transferrin receptor 
(TfR)-dependent endothelial iron uptake is augmentable by H2O2, amplifying 
intracellular H2O2

 formation to induce apoptosis. Mitochondrial iron uptake can also be 
upregulated by H2O2. Thirdly, in vascular smooth muscle and fibroblasts, NAD(P)H 
oxidase–derived H2O2 is capable of feed-forwardly activating NAD(P)H oxidase 
itself (Li WG, Miller FJ Jr, Zhang HJ, Spitz DR, Oberley LW, Weintraub NL. H(2)O(2)-
induced O(2) production by a non-phagocytic NAD(P)H oxidase causes oxidant injury. J 
Biol Chem. 2001; 276: 29251–29256). In endothelial cells, H2O2 was recently found 
capable of upregulating p22phox expression.  Others recently showed that in endothelial 
cells, oscillatory shear stress activation of NAD(P)H oxidases lies upstream of 
xanthine oxidase–dependent production of H2O2. Lastly, endothelial NAD(P)H 
oxidase–derived H2O2 mediates agonists-provoked tetrahydrobiopterin deficiency to 
induce eNOS uncoupling.  

Thus H2O2, originated by vascular NAD(P)H oxidases, propagates its own production via 
enhanced intracellular iron uptake, and sources of mitochondria, NAD(P)H oxidases, 
xanthine oxidase, and uncoupled eNOS. These feed-forward mechanisms may form a 
“vicious circle” to amplify and sustain H2O2 production in large quantities, contributing 
to pathological signaling. 

Mechanisms underlying NAD(P)H oxidase–dependent self-propagation of H2O2 in 
vascular cells. M1, H2O2 causes mitochondrial damage to produce reactive oxygen 
species; M2, H2O2 promotes transferrin receptor-dependent intracellular iron uptake to 
potentiate its own production; M3, H2O2 feed-forwardly stimulates reactive oxygen 
species generation from vascular NAD(P)H oxidases; M4, endothelial NAD(P)H oxidase 
is required for xanthine oxidase oxidation and activation, and subsequently H2O2 
amplification in response to oscillatory shear stress; M5, uncoupled eNOS lies 
downstream of vascular NAD(P)H oxidases to propagate H2O2 production. 

Activation of vascular NAD(P)H oxidases is rate-limiting in H2O2 amplification of its 
own production.  VEGF receptor–dependent activation of Nox1 was angiogenic, 
responsible for tube formation of endothelial cells. The observations that Nox1 mediates 
growth signaling whereas Nox4 is growth suppressive in endothelial cells seems similar 
to what has been observed in vascular smooth muscle.  It is paradoxical why the same 
reactive oxygen species–producing Nox proteins mediate different cellular responses.  

 Duox1 and Duox2 are longer Nox proteins with peroxidase tails,  which have been 
shown to produce H O  in epithelial cells. 2 2

 These proteins are studied for their presence 
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and function in endothelium and vascular smooth muscle. Besides Nox, p22 presents 
the only other membrane component of the vascular NAD(P)H oxidases.  

 phox 

 

Overexpression of p22phox led to upregulation of Nox1 and Nox4 in vivo, likely via 
stabilization of proteins. It was recently found that p22phox expression correlates well with 
expression of Nox4 in human arteries and that of Nox2 in veins. 

Vascular NAD(P)H oxidase–derived H2O2 self-propagates via enhanced intracellular iron 
uptake, mitochondrion, vascular NAD(P)H oxidases, xanthine oxidase, and uncoupled 
eNOS. This phenomenon likely prolongs H2O2-mediated pathological signaling, thus 
contributing to vascular disease development. Initial activation of vascular NAD(P)H 
oxidases serves as the rate-limiting step for H2O2 amplification of redox signals. 
 

3.6 Cholesterol (A Brief Primer) 
 
Some of the following material was excerpted, abstracted or modified from:  A. 
Valenzuela, J. Sanhueza and S. Nieto. Cholesterol oxidation: Health hazard and the role 
of antioxidants in prevention. Biol. Res. v.36 n.3-4 Santiago 2003. 
 
Cholesterol is a molecule with a double bond in its structure and is therefore 
susceptible to oxidation leading to the formation of oxysterols. These oxidation 
products are found in many commonly-consumed foods and are formed during their 
manufacture and/or processing. Concern about oxysterols consumption arises from the 
potential cytotoxic, mutagenic, atherogenic, and possibly carcinogenic effects of some 
oxysterols. Eggs and egg-derived products are the main dietary sources of oxysterols. 
Thermally-processed milk and milk-derived products are another source of oxysterols in 
our diet. Foods fried in vegetable/animal oil, such as meats and French-fried potatoes, are 
major sources of oxysterols in the Western diet. Antioxidants are not only able to inhibit 
triglyceride oxidation, some of them can also inhibit cholesterol oxidation. Among 
synthetic antioxidants 2, 6-di-tertiarybutyl-4-methylphenol (BHT), and tertiary 
butylhydroquinone (TBHQ) can efficiently inhibit the thermal-induced oxidation of 
cholesterol. Some natural antioxidants, such as alpha- and gamma-tocopherol, rosemary 
oleoresin extract, and the flavonoid quercetin, show strong inhibitory action against 
cholesterol oxidation.  

Sterol cholesterol (cholest-5-en-ß-ol) is an essential metabolite required for major 
biological functions, such as the cell membrane structure where the steroid forms, 
together with phospholipid molecules, the integral part of the lipid bilayer (Spector 
AA, Yorek MA (1985) Membrane lipid composition and cellular function. J Lipid Res 
26: 1015-1035). Cholesterol is inserted into membrane bilayers with its long axis 
perpendicular to the plane of the membrane, preventing the crystallization of fatty acyl 
chains by fitting between them (Yeagle P L (1985) Cholesterol in the cell membrane. 
Biochim Biophys Acta 822: 267-287) and modifying the activity of membrane-bounded 
enzymes (Valencia P, Sotomayor C, Gonzalez G (1999) Cholesterol effect on lipid phase 
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and beta-hydroxybutyrate hydrogenase activity in unilamellar vesicles and in bovine 
heart mitochondria. Biol Res 32: R-177) (abstract).  

Cholesterol also provides the structural scaffolding for the synthesis of steroids and 
steroid hormones, and for the biosynthesis of bile and bile acid salts. Sterol plays also 
an important role in embryonic development (Roux C, Wolf C, Mulliez N, Gaoua W, 
Cormier V, Chevy F, Citadelle, D (2000) Role of cholesterol in embryonic development. 
Am J Clin Nutr :71 (suppl) 1270S-1279S).  

Cholesterol biosynthesis is a highly-regulated process that occurs in almost all animal 
tissues, but in higher mammals the liver, the adrenal gland, the ovaries, and testis 
show the most significant biosynthetic activity. Bile is the major excretion route of 
cholesterol from the body, predominantly as unesterified cholesterol (Robins SJ, 
Brunengraber H (1982) Origin of biliary cholesterol and lecithin in the rat: contribution 
of new synthesis and preformed hepatic stores. J Lipid Res 23: 604-608). In the adult 
human, approximately 400 mg of cholesterol per day are converted to bile acids and only 
approximately 50 mg are converted to hormones (Ishibashi S, Schwarz M, Frykman PK, 
Herz J, Russell DW (1996) Disruption of cholesterol 7 a-hydroxylase gene in mice I: 
postnatal lethality reversed by bile acid and vitamin supplementation. J Biol Chem 271: 
18017-18023).  

3.6.1 Cholesterol Oxidation   

Cholesterol is a molecule with an unsaturated bond at position ∆ 5-6 of the sterol 
nucleus, therefore it is prone to oxidation. The molecule undergoes autoxidation by a 
free-radical mechanism leading to the formation of hydroperoxides and then to a 
number of oxidation products, the so-called oxysterols. These oxidation products are a 
group of sterols similar in structure to cholesterol, but that contain an additional 
oxygen function such as an hydroxyl group, ketone group, or an epoxide group at 
the sterol nucleus or at the side chain of the molecule. Many different oxysterols (up 
to 70) have been identified (Schroepfer GJ (2000) Oxysterols: Modulators of cholesterol 
metabolism and other process. Physiol Rev 80: 361-563). The physical state of 
cholesterol greatly influences the types of oxidation products.  

Oxidation of cholesterol may be initiated by polyunsaturated fatty acid oxidation 
(Kubow S (1993) Lipid oxidation products in food and atherogenesis. Nut Rev 51: 33-
40). Interaction of triglycerides with cholesterol may accelerate the oxidation of the 
sterol, and cholesterol may also influence triglyceride oxidation (Kim SK, Nawar 
WW (1991) Oxidative interactions of cholesterol with triacylglycerides. J Am Oil Chem 
Soc 68: 931-934). Peroxides formed on polyunsaturated fatty acids during lipid oxidation 
may substract hydrogen from the ∆5-6 double bond, allowing the formation of a free 
radical into the cholesterol structure.  

Oxygen free-radicals show different behavior as inductors of cholesterol oxidation. 
While superoxide free-radicals are ineffective in inducing oxidation, the presence of 
the free radical together with hydrogen peroxide, the product of the dismutation of the 
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superoxide free-radicals, exerts a strong pro-oxidative effect (Lee JH, Shoeman DW, 
Kim SS, Csallany AS (1977) The effect of superoxide anion in the production of seven 
major cholesterol oxidation products in aprotic and protic conditions. Int J Food Sci Nutr 
48: 151-159). This means that hydroxyl free-radicals formed from the reaction of 
superoxides with hydrogen peroxide may be involved in the oxidation mechanism 
(Sevanian A, Mcleod LL (1987) Cholesterol autoxidation in phospholipid membrane 
bilayers. Lipids 22: 627-636).  

 
Due to the presence of low concentrations (ppm or ppb) of oxysterols in foods or in 
animal tissues, isolation procedures that separate the sterol oxidation products from other 
interfering substances and quantification of oxysterols are difficult analytical procedures. 
The artifactual formation of cholesterol oxidation products has been reported 
during the course of the hot saponification procedure. 

3.6.2 Dietary Cholesterol 

It has been estimated that approximately 1% of the cholesterol consumed in a mixed 
Western diet is oxidized cholesterol (Van De Bovenkamp P, Kosmeifer-Schuil, TG, 
Katan MB (1988) Quantification of oxysterols in Dutch foods: eggs products and mixed 
diets. Lipids 23: 1079-1085). 

Dietary sources of oxysterols are cholesterol-rich foods, such as dairy, processed 
eggs, and meat products.  

Foods that are naturally characterized by high cholesterol content are major sources of 
oxysterols when processed, such as eggs and egg-derived products. An average egg 
contains 200-220 mg cholesterol, which is about twice the cholesterol content of 
butter and freeze-dried meat products, and about 5-10 times more cholesterol than 
is found in most dairy products. Dried whole egg or dried egg yolk, but not fresh egg 
yolk, are significant sources of oxysterols when used in the manufacture of convenience 
foods.  

Fresh milk contains 0 or only trace amounts of cholesterol oxides, which means that 
processing (e.g. high temperature) is the main source of oxysterols (Angulo AJ, Romera 
JM, Ramirez M, Gil A (1997) Determination of cholesterol oxides in dairy products. 
Effect of storage conditions. J Agric Food Chem 45, 4318-4323).  

Other milk-derived products such as cheeses, yogurt, and evaporated milk, contain 
very low amounts of cholesterol oxides.   

The mean lipid content of lean meat is 10%, wet weight basis, of which triglycerides and 
phospholipids are major components and cholesterol is a lesser component, ranging from 
50 to 89 mg. The main source of oxysterols in meats (from bovine, poultry and porcine 
origin) is heat processing, mainly over-heating. Fresh meat and fresh meat products 
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contain 0 or trace amounts of cholesterol oxides. Oxysterols contained in cooked meat 
range from 180-1900 ug/g.  

It has been proposed that frying in animal/vegetable oils is a major source of oxysterol in 
the Western diet. The primary target are French fried potatoes, which together to other 
deep-fried foods cooked in animal/vegetable fat are considered the main source of 
oxysterols in the U.S. and Latin America. The oxysterol content of potatoes fried in 
tallow or vegetable/animal oil may be in the range of 1.4 mg/g to 16.7 mg/g, depending 
on the origin and/or the animal fat content of the frying oil.  

Oxysterols that tend to be more polar than cholesterol may also be absorbed in the 
intestinal track by a mechanism similar to that of cholesterol absorption; oxysterols 
may form a structural part of the mixed micelles in the small intestinal lumen. 

Oxysterols may enter the blood circulation with dietary cholesterol and biliary cholesterol 
(endogenous cholesterol) as part of chylomicron structure (Linseisen J, Wolfram G 
(1998) Absorption of cholesterol oxidation products from ordinary foodstuff in humans. 
Ann Nutr Metab 42: 221-230).  

Because of the similarity in structure between oxysterols and cholesterol, it has long been 
assumed that transport in serum would by similar. Oxysterols are also transported by 
low density lipoproteins (LDL), as is cholesterol, and there is evidence that high 
density lipoproteins (HDL), which perform reverse cholesterol transport, are also 
involved in the transport of oxysterols from tissues to the liver.  

Although a major percentage of oxysterol is derived from dietary sources, it has been 
suggested that some of the circulating oxysterols may be formed from lipoprotein 
oxidation at the blood stream and/or at the intracellular metabolism (Linseisen J, 
Wolfram G (1998) Absorption of cholesterol oxidation products from ordinary foodstuff 
in humans. Ann Nutr Metab 42: 221-230). Oxysterols are able to pass through 
lipophilic membranes much more quickly than cholesterol does (Bjorkhem I (2002) 
Do oxysterols control cholesterol homeostasis? J Clin Nutr 110: 725-730), and they may 
also be formed by intracellular enzymatic reactions. 

Parenchymal hepatocytes have been thought to be the primary, if not the sole, cell 
type possessing functional enzyme system that could convert cholesterol into 
oxidized derivatives, namely the cytochrome P-450 system (Bostron H (1994) Binding 
of cholesterol to cytochromes P-450 from rabbit liver microsomes. J Biol Chem 258: 
15091-15094).  

Within the cytochrome P-450 family, 27-hydroxylase activity is an important enzyme 
responsible for the hydroxylation of cholesterol side-chain (Calli JJ, Russell DW 
(1991) Characterization of human sterol 27-hydroxylase. A mitochondrial cytochrome P-
450 that catalyzes multiple oxidation reactions in bile acid biosynthesis. J Biol Chem 
266: 7774-7778). Available data suggest that enzymatically-generated oxysterols may 
account for a significant percentage of oxysterols found in serum and other tissues.  
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Oxysterols are considered cytotoxic (Leland LS, Johnson B (1989) Biological activities 
of oxysterols. Free Rad Biol Med 7: 285-332), although some researchers have postulated 
regulatory functions for some oxysterols at the intracellular level. 3-Hydroxy-3-
metylglutaryl coenzyme A reductase (HMG-CoA red), the enzyme catalyzing the rate-
limiting step in cholesterol biosynthesis, is among the most highly-regulated enzymes 
found in nature. Many oxysterols are potent competitive inhibitors of HMG-CoA red 
at concentration levels of less than 100 nM (Tanaka RD, Edwards PA, Lan S, 
Fogleman AM (1983) Regulation of 3-hydroxy-3-methylglutaryl coenzyme A reductase 
activity in avian myeloblasts. Mode of action of 25-hydroxycholesterol. J Biol Chem 258: 
13331-13339). However, the regulatory action of oxysterols on the enzyme is extended 
not only to its activity, but also on its expression at genetic level. Oxysterols are capable 
of inhibiting the synthesis of HMG-CoA reductase at the transcriptional level by 
decreasing the reductase mRNA and the rate of protein synthesis, and at the post-
transcriptional level by modifying the anchoring of the enzyme at the smooth 
endoplasmatic reticulum membrane (Edwards & Ericsson, 1999). Cholesterol 
biosynthesis is also regulated by transcription factors named steroid regulatory element 
binding proteins (Brown & Goldstein, 1997). A newly-discovered transcription factor, 
identified as LXR (Bjorkhem I, Diczfalusy U (2002) Oxysterols, friends, foes, or just 
fellow passengers? Arterioscler Thromb Vasc Bio 22: 734-742), regulates the catabolic 
degradation of cholesterol by activation of the gene controlling cholesterol 7 a-
hydroxylase, the rate-limiting enzyme in the formation of bile acids. Oxysterols may bind 
to LXR, thereby inducing the transcription of cholesterol 7 a-hydroxylase, and thus 
increasing the removal of cholesterol as bile acids.  

Oxysterols are also potent regulators of intracellular cholesterol esterification 
(Brown AJ, Jessup W (1999) Oxysterols and atherogenesis. Atherosclerosis 142: 1-28).  

Membrane-bound enzyme acetyl-CoA:cholesterol acyl transferase (ACAT), which is 
responsible for the intracellular esterification of cholesterol, is strongly activated by 
oxysterols. It has been speculated that the true activators of the enzyme in mammalian 
cells are oxysterols rather than cholesterol by itself.  

3.6.3 Atherogenesis 

The cytotoxic, mutagenic and probably carcinogenic effects described for some 
oxysterols have been observed in in vitro models. However, the atherogenic action of 
oxysterols has been demonstrated in both in vitro and in vivo study models, to be 
the best-characterized pathological expression of cholesterol oxidation (Staprans I, 
Pan XM, Rapp JH, Feingold KB (1998) Oxidized cholesterol in the diet accelerates the 
development of aortic atherosclerosis in cholesterol-fed rabbits. Arterioscler Throm Vasc 
Biol 18: 977-983) (Leonarduzzi G, Sottero B, Galli G (2002) Oxidized products of 
cholesterol: dietary and metabolic origin, and proatherosclerotic effects (review). J Nutr 
Biochem 13: 700-710) and comparable to the atherogenic action of trans fatty acid 
isomers.  
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Atherosclerotic lesions not only contain cholesterol, but also a series of oxysterols. In 
the widely accepted model for the pathogenesis of atherosclerosis, the impact of 
oxidatively modified low-density lipoprotein (LDL) particles is very important (Brown 
AJ, Jessup W (1999) Oxysterols and atherogenesis. Atherosclerosis 142: 1-28). In 
addition to polyunsaturated fatty acids and apolipoproteins, the cholesterol moiety of 
LDL can undergo oxidative damage, resulting in different effects on target cells (e.g., 
macrophages, aortic smooth muscle cells) that may promote the development of 
atherosclerosis (Chang YH, Abdalla SP, Sevanian A (1997) Characterization of 
cholesterol oxidation products formed by oxidative modification of low density 
lipoproteins. Free Rad Biol Med 23: 202-214). 

 Oxidized LDL is potentially more atherogenic than native LDL in several ways:  

1. - It is chemotactic for circulating monocytes;  

2. - It is an inhibitor of the motility of resident macrophages;  

3. - It is cytotoxic for cell in culture;  

4. - It can stimulate release of a chemotactic factor from endothelial cells.  

Many of these oxidized LDL characteristics are attributed to the oxysterol content of the 
lipoprotein. In vivo oxysterols are formed either enzymatically or via autoxidation of 
cholesterol. Although it the most prevalent means of LDL-cholesterol oxidation in vivo 
has not been established, the contribution of free iron to oxidation (through non-
enzymatically autoxidation), is considered to be significant (Schroepfer GJ (2000) 
Oxysterols: Modulators of cholesterol metabolism and other process. Physiol Rev 80: 
361-563). The contribution of dietary oxysterols to the total amount of oxysterol 
measurable in plasma and lipoproteins of human is still unclear.  

3.6.4 OXYSTEROL METABOLISM 

3.6.5 Bile Acid Synthesis  

Most sterols, including cholesterol, are eliminated from the body through bile 
secretion. Synthesis of bile acids occurs in the liver through 7a-hydroxylation of 
cholesterol; the oxysterol, 7a-hydroxycholesterol, and once formed can then be used to 
synthesize both cholic acid, the most common bile acid, and chemodeoxycholic acid 
(Morel D, Lin CY (1996) Cellular biochemistry of oxysterols derived from the diet or 
oxidation in vivo. Nut Biochem 7: 495-506). It is generally accepted that the 
catabolism of oxysterols is similar to that of cholesterol. However, it is not clear if 
oxysterols and cholesterol share the same pathways for bile acid synthesis. It has been 
proposed that a family of P-450 7a-hydroxylases isozymes catalyze oxysterol metabolism 
independently from the P-450 hydroxylases that catalyze cholesterol metabolism (Javitt 
NB (1990) 26-hydroxycholesterol: synthesis, metabolism, and biological activities. J 
Lipid Res 31: 1527-1533).  
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As with cholesterol, which serves as a precursor for many steroid hormones, there is 
evidence that oxysterols, especially those with a hydroxyl group on the side chain, 
can serve as substrates for steroid hormone synthesis in steroidogenic cells.  

3.6.6 Esterification of Oxysterols  

There is ample evidence that oxysterols are readily susceptible to esterification reaction. 
Fatty acid esters are the predominant form of oxysterols found in extrahepatic 
tissues such as the aorta, and these esters are also found in plasma associated with 
various lipoproteins (Peng SK, Taylor CB, Hill JC, Morin RJ (1985) Cholesterol 
oxidation derivatives and arterial endothelial damage. Atherosclerosis 41: 395-402).  

3.6.7 Antioxidants and Cholesterol 

In light of the potentially dangerous effects of oxysterols for human health, efforts to 
prevent or to reduce oxysterol consumption are now currently begin made. As processed 
foods of animal origin are the main dietary sources of oxysterols, prevention of its 
formation during manufacture, processing, storage, or culinary preparation, is of 
importance. Antioxidants, both of synthetic or natural origin, are widely applied to 
prevent lipid oxidation in processed foods, raw materials, or fats and oils used in 
manufacture. 

 I believe that the antioxidants added to our foods could pose a potential danger, 
especially in immunosuppressed individuals.  However, antioxidant action is directed 
to prevent or delay fatty acid oxidation.  

Antioxidants are organic lipid- or water-soluble substances that can scavenge the 
active forms of oxygen involved in the initiation steps of the oxidation, or break the 
oxidative chain reaction. Antioxidants may react with the fatty acid peroxy radicals to 
form stable antioxidant radicals, which are either insufficiently reactive for further 
reactions or form non-radical products. The most widely used synthetic antioxidants in 
human foods are 2,6-di-tertiarybutyl-4-methylphenol (BHT), tertiarybutyl-4-
hydroxyanisole (BHA), tertiary butylhydroquinone (TBHQ), and the n-propyl ester of 
3,4,5-trihydroxybenzoic acid (propyl gallate, PG). Animal feed also uses 6-ethoxy-1, 2-
dihydro-2,4-trimethylquinoline (ethoxyquine, EQ), which is not allowed for human 
consumption. These synthetic antioxidants have been used for a long time, although 
recently concerns have arisen due to the possible potential toxicity in some 
(Lachance PA, Zeina BS, Jeong WS (2001) Antioxidants: an integrative approach. 
Nutrition 17: 835-842).  

Natural antioxidants, which are present in variable amounts in vegetables such as fruits, 
leaves, flowers, roots, grains, and seeds, have gained prominence as alternatives to 
synthetic antioxidants (Aruoma OI (1997) Extracts as antioxidant prophylactic agents. 
INFORM 8: 1236-1242). Research interest in the properties and occurrence of natural 
antioxidants focus on vitamin E (mainly the alpha, beta, and gamma tocopherol 
homologous), some herbs extracts, such as rosemary extract, carotenoids, and various 
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flavonoids (Valenzuela A, Sanhueza J, Nieto S (2002) Differential inhibitory effect of a-, 
b-, g-, and d-tocopherols, on the metal-induced oxidation of cholesterol in unilamellar 
phospholipid-cholesterol liposomes. J Food Sci 67: 2051-2055).  

Since cholesterol oxidation proceeds via a free radical mechanism, similar to 
polyunsaturated fatty acid oxidation (Kubow S (1993) Lipid oxidation products in 
food and atherogenesis. Nut Rev 51: 33-40), antioxidants used to inhibit general fat and 
oil oxidation are also able to prevent or retard cholesterol oxidation. However, results 
are diverse and sometimes contradictory, just as has been seen in other areas of free 
radical and antioxidant studies.  Morgan & Armstrong (1992) demonstrated that BHT, 
BHA, and PG were slightly effective in slowing hydrogen peroxide-induced 
cholesterol oxidation in egg yolk during spray drying. Others showed significant 
inhibitory effect of BHA on oxysterol formation when spray-dried egg yolk oxidation is 
catalyzed by Cu 2+ during accelerated storage at 60°C.  Others observed that BHT is 
unable to inhibit cholesterol oxidation during hot saponification of triglycerides. The 
same antioxidant cannot inhibit oxysterol formation from irradiated egg yolk powder. 
The effect of the synthetic antioxidants BHT, BHA, TBHQ, PG and EQ, on cholesterol 
oxidation using a vegetable oil as substrate for oxidation and monitored under the 
Rancimat 679 test conditions was recently communicated. BHT and TBHQ act as the 
most effective inhibitors; BHA and EQ are less effective, and PG are unable to 
inhibit cholesterol oxidation.  

In addition to possessing vitamin E function, tocopherols are the major natural 
antioxidants in foods and are important for the stability of vegetable oils. This antioxidant 
aspect of tocopherol chemistry has been extensively studied, especially regarding the 
relative antioxidant activity of a-tocopherol, and less extensively for the g-, and d-
tocopherol homologues. While some researchers claim that g-tocopherol is a better 
antioxidant than a-tocopherol, other researchers reported a better effectiveness of a-
tocopherol as antioxidant (YoshidaA H, Kajimoto G, Emura S (1993) Antioxidant 
effects of d-tocopherols at different concentrations in oils during microwave heating. J 
Am Oil Chem Soc 70: 989-995).  

Differences are probably due to the different oxidation models used to assess the 
antioxidant activity of these tocopherols. It is generally accepted that a-tocopherol has a 
higher ability for hydrogen donation than its g- homologue. The antioxidant effect of a-
tocopherol against cholesterol oxidation has been studied in models of diverse 
complexity, such as spray-dried egg yolk, fish oil, sunflower oil, and palm oil, or 
dehydrated and powdered anchovy. For all these models, a-tocopherol has been 
identified as the most effective antioxidant, with better activity than other antioxidants, 
such as BHA or BHT.  

Others recently demonstrated that a-tocopherol, BHA, and BHT can inhibit the 
oxidation of cholesterol in the presence of superoxide anion, water, and hydrogen 
peroxide. Tocopherols having antioxidant activity proved to be more efficient in 
inhibiting oxysterol formation at the lateral chain of cholesterol (i.e, inhibition of 20-OH 
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and 25-OH) than at the nucleus of the sterol (i.e., 7 alpha-OH, 7 beta-OH, 5 alpha-3OH, 
and 7-keto).  

Rosemary extract is a food grade natural antioxidant oleoresin obtained from the 
leaves of the evergreen shrub rosemary (Rosmarinus officinalis. L) (Okamura N, 
Haraguchi H, Hashimoto K, Yagi A (1994) Flavonoids in Rosmarinus Officinalis leaves. 
Phytochem 37: 1463-1466). The extract contains four effective antioxidants: carnosol, 
rosmanol, isorosmanol, and rosemary diphenol. When processed, these four compounds 
are odorless and tasteless diterpenolactones, and among these lactones, rosmaridiphenol 
and rosmanol, show stronger antioxidant activity than BHA and BHT. The effect of 
rosemary extract on cholesterol oxidation was recently assayed using highly purified 
soybean oil as a substrate for oxidation. Under these experimental conditions rosemary 
extract exerted a strong antioxidant effect by preventing both soybean oil oxidation and 
cholesterol oxidation.  

Flavonoids comprise a well-known family of natural substances that exhibit antioxidant 
properties. These structures are ubiquitous in photosynthesizing cells, seeds, fruits, 
pollen, and flowers. Flavonoids have been defined as "high level" antioxidants. They 
act by scavenging those free radicals or excited forms of oxygen involved in the first 
stages of lipid oxidation, such as the singlet oxygen, the superoxide free radical or 
the hydroxyl free radical. The effect of four flavonoids; quercetin, catechin, morin, and 
rutin, was recently assayed against cholesterol oxidation when oxidation was induced by 
temperature, and using soybean oil as substrate for oxidation (Valenzuela et al., 2002b). 
Under these conditions, quercetin was highly effective in preventing cholesterol 
oxidation. Catechin also showed protective action, but less efficiently than quercetin. 
The other two flavonoids, morin and rutin, were devoid of antioxidant activity. The 
literature does not describe assays of cholesterol oxidation involving flavonoids as 
antioxidants. 

Information on the effect of natural antioxidants other than tocopherols on cholesterol 
oxidation is very limited. The emphasis given to natural antioxidants results from 
concerns over the toxicity of some synthetic antioxidants and from the research 
findings that point to a relationship between active dietary ingredients, such as natural 
antioxidants, and their protection of cells from free radical-induced oxidative stress in the 
human body.  

3.6.8 Vitamin E May Boost Bad Cholesterol 

On 4/5/2004 Health Day News reported that vitamin E may boost bad cholesterol and 
cited the following article. 

Cholesterol oxidation products can be potentially harmful to human health. These 
products are formed from cholesterol-containing foods during processing, especially 
when high temperatures are applied during different stages of food manufacture. New 
research finds antioxidants may actually help produce bad cholesterol.  
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Experiments in cells and mice indicate that oxidation is necessary to reduce the 
amount of low-density lipoprotein (LDL) cholesterol produced in the liver. That's 
why polyunsaturated fatty acids, which are oxidants, can reduce cholesterol 
production.  I believe that this simple observation is a most important observation. 

"Not all oxidant stress is bad for you," said lead researcher Dr Edward Fisher, a 
professor of cardiovascular medicine and cell biology at New York University. Oxidant 
stress also has some benefits in terms of the cardiovascular system, by decreasing the 
liver production of the lipoproteins that cause atherosclerosis. 

"Sometimes oxidative stress is good, and sometimes it's bad," said co-researcher Dr 
Kevin Jon Williams, a professor of medicine at Jefferson Medical College. For example, 
humans breathe oxygen because they need oxidation to convert food into energy, 
and oxidant stress is also how the immune system kills bacteria, he added. Williams 
said that he would take vitamin E supplements only in circumstances where there has 
been proven clinical benefit, and that is not the case in cardiovascular disease. 

Fisher's team found liver cells under oxidative stress release free radicals (EMODs) 
made by the normal conversion of polyunsaturated fatty acids to so-called lipid 
peroxides. When these free radicals are released, they destroy a critical protein 
called ApoB100. Without ApoB, the liver cannot make LDL cholesterol, and the 
amount of cholesterol released into the blood is therefore substantially reduced. I 
say, “Halleluiah, Brother.” 

The researchers found that when vitamin E was introduced to these liver cells, it 
prevented the destruction of ApoB, which lets the liver make more LDL cholesterol, 
according to their report in the May issue of the Journal of Clinical Investigation.   

Once again, the antioxidants are working against us and their suggested use by the 
Free Radi-Crap theory and the oxy-morons is wrong. 

"In large studies, vitamin E has flunked as a protection against coronary artery 
disease," Fisher said. "So the blanket recommendation for the use of antioxidants, such 
as vitamin E, for lowering the risk of heart disease is not warranted." 

"However, the findings also confirm that diets rich in polyunsaturated fatty acids, 
such as those found in fish, can substantially reduce the amount of bad cholesterol 
your body makes," Fisher added. 

Dr Ronald Krauss, director of atherosclerosis research at the Children's Hospital Oakland 
Research Institute, said this study shows how diet can affect blood fat levels. "This study 
reminds us that even though there are a number of benefits of antioxidants in the diet, we 
can't assume that all antioxidants will benefit all aspects of health," said Krauss, who 
wrote an accompanying editorial. "There may be a lack of benefit from antioxidants 
on blood fat levels," Krauss said. "In order to determine whether antioxidants benefit 
heart disease, we have to rely on clinical studies," he noted.  
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"The studies that have been done to date have not shown a benefit from 
antioxidants. Maybe this study gives us one reason for that negative result," Krauss said. 
If one wants to take advantage of antioxidants, which can have many health benefits, one 
should rely on eating foods that are rich in antioxidants and not rely on taking 
supplements to prevent heart disease," Krauss advised.  

Some of the following material was excerpted, abstracted or modified from a paper by 
Tsuneo Kobayashi and Katsuo Kamata. “Relationship among cholesterol, superoxide 
anion and endothelium-dependent relaxation in diabetic rats.”  
 
Oxidative modification of LDL cholesterol may be related to endothelial dysfunction 
in the aorta of the streptozotocin-induced diabetic rat, and that this may be due to a 
decrease in the tissue content of superoxide dismutase. If this is the case, I believe 
that it is due to the lack of H2O2 generation by SOD. Results suggest that the 
increased plasma LDL levels seen in long-term diabetic rats may cause down-
regulation of LDL receptors in the liver. We also found that acetylcholine-induced 
endothelium-dependent relaxation was significantly attenuated in 10-week, but not in 1- 
or 4-week diabetic rats. The decreased relaxation response to acetylcholine and LDL 
receptor activity was improved by the chronic administration of cholestyramine. 
 
They demonstrated that the impaired endothelium-dependent relaxation seen in 
streptozotocin-induced diabetic mice was due to an increase in LDL cholesterol 
(Kamata, K., Sugiura, M., Kojima, S., Kasuya, Y., 1996. Preservation of endothelium- 
dependent relaxation in cholesterol-fed and streptozotocin-induced diabetic mice 
by the chronic administration of cholestyramine. Br. J. Pharmacol. 118, 385-391). Plasma 
LDL levels were significantly increased in both 4- and 10-week streptozotocin-induced 
diabetic rats. These results support the idea that the endothelial dysfunction in 10-week 
diabetic rats may be due to the increased plasma LDL level. However, the plasma LDL 
level was significantly increased in 4-week diabetic rats, whereas the acetylcholine-
induced relaxation was unchanged.  
 
This result may suggest that there is not a direct relationship between the plasma 
LDL level itself and the extent of endothelial dysfunction. The tissue malondialdehyde 
content in aortas was increased in 10-week compared to 1- or 4-week diabetic rats. When 
plasma LDL concentrations are high, LDL gradually enters and accumulates in the 
arterial intima. As mentioned in the Introduction, there is reason to believe that 
superoxide generated by arterial smooth muscle and endothelium may contribute to the 
oxidation of LDL cholesterol and play a central role in the modification of LDL and the 
consequent development of endothelial dysfunction. These results suggest that the 
endothelial dysfunction in diabetes may be due to the accumulation of oxidized LDL 
cholesterol in the arterial intima.  
 
Mn2+-superoxide dismutase, localized in the mitochondrial matrix and partially 
released into the serum, has the essential function of reducing the concentration of 
superoxide radicals both during normal oxidative metabolism and during periods of 
oxidative stress.  
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In this study, the expression of Mn2+-superoxide dismutase mRNA was found to be 
significantly decreased in the aortas of 10-week diabetic rats. Furthermore, the 
activity of superoxide dismutase was also significantly decreased in 10-week diabetic 
rats. These results can be explained if the reduction in the content of superoxide 
dismutase in the diabetic aorta were to reduce the inactivation of the superoxide anion: 
the resultant increase in the superoxide radical would increase the oxidation of LDL. 
Indeed, atherosclerotic rabbits treated with polyethylene-glycolated superoxide dismutase 
or liposome-encapsulated superoxide dismutase have increased vascular superoxide 
dismutase activity and improved endothelium-dependent relaxation in response to 
acetylcholine (Mugge, A., Elwell, J.H., Peterson, T.E., Hofmeyer, T.G., Heistad, D.D., 
Harrison, D.G., 1991. Chronic treatment with polyethylene-glycolated superoxide 
dismutase partially restores endothelium-dependent vascular relaxations in cholesterol-
fed rabbits. Circ. Res. 69, 1293-1300) (White, C.R., Brock, T.A., Chang, L.Y., Crapo, J., 
Briscoe, P., Ku, D., Bradley, W.A., Gianturco, S.H., Gore, J., Freeman, B.A., Tarpey, 
M.M., (1994) Superoxide and 
peroxynitrite in atherosclerosis. Proc Natl Acad Sci USA 91:1044-1048). 
 
I believe that all of these results can be explained by the decreased H2O2 
formation by SOD. 
 
Similarly, treatment of animals with antioxidant, vitamin C, �-tocopherol or 
probucol prevents the endothelial dysfunction produced by hypercholesterolemia 
and streptozotocin-induced diabetes (Ting, H.H., Timimi, F.K., Boles, K.S., Creager, 
S.J., Ganz, P., Mark, A.C., 1996. Vitamin C improves endothelium-dependent 
vasodilation in patients with non-insulin-dependent diabetes mellitus. J. Clin. Invest. 97, 
22-28) (Keaney, J.F.Jr., Xu, A., Cunningham, D., Jackson, T., Frei, B., Vita, J.A., 1995. 
Dietary probucol preserves endothelial function in cholesterol-fed rabbits by limiting 
vascular oxidative stress and superoxide generation. J. Clin. Invest. 95, 2520- 
2529). These studies suggest that antioxidants prevent the development of endothelial 
dysfunction by inhibiting the oxidative modification of LDL. Yet, the use of 
antioxidants has repeatedly failed to prevent atherosclerosis in normal or diabetic 
patients. 
  
Vascular superoxide dismutase activity exerts considerable influence over the local 
activity of endothelium-derived relaxing factor (EDRF) - and NO-dependent 
vasodilators. I believe that it is because of its efficient formation of hydrogen peroxide 
and not because of the presence of superoxide anion. 
 
Isolated arteries exposed to diethyldithiocarbamate, a potent inhibitor of superoxide 
dismutase, fail to relax normally to the EDRF releasing agent, acetylcholine, or NO- 
dependent vasodilators such as nitroprusside or nitroglycerin. Several studies have 
suggested that the impaired endothelium-dependent relaxation seen in diabetes may stem 
from a greater production of superoxide anions. In the study by Tsuneo Kobayashi and 
Katsuo Kamata, the acetylcholine-induced endothelium-dependent relaxation was 
significantly attenuated in 10-week diabetic rats, and the expression of Mn2+-
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superoxide dismutase mRNA and activity of superoxide dismutase was also 
significantly decreased at the same time.  
 
Other studies have demonstrated that insulin deficiency in short-term diabetic rats had 
no effect on hepatic LDL-receptor expression.  
 
These results suggest that long-term insulin deficiency and hyperglycemia in the 
streptozotocin-induced diabetic rat are associated with an increase in plasma LDL 
cholesterol, and that this may be due to a reduction in the expression of the LDL receptor 
in the liver. It has been reported that insulin exerts a stimulatory effect on LDL receptor 
mRNA. In addition to the lower insulin levels, several other hormonal changes occur 
in vivo in streptozotocin-induced diabetes. Signaling by specific serum hormones may 
be able to override sterol-dependent transcriptional repression in liver-derived cells. In 
addition, levels of counter-regulatory hormones, such as catecholamines, 
adrenocorticotropic hormone (ACTH), glucagon, etc., are markedly higher in the 
diabetic condition.  
 
Streptozotocin increases plasma glucose levels. The low concentration of insulin and the 
high plasma glucose concentration then increase the concentration of plasma LDL 
cholesterol, and the increased LDL concentration may cause down-regulation of the 
expression of LDL.  
 
Long-term, a high plasma glucose concentration also reduces the expression of 
Mn2+-superoxide dismutase mRNA and the activity of superoxide dismutase in the 
aorta.  
 
Alternatively, the changes in aortic Mn2+-superoxide dismutase mRNA levels or 
superoxide dismutase activity are primary defects rather than secondary to some 
phenomenon such as overwhelming oxidative stress.  
 
3.6.9 18.1  Atherogenesis, Atherosclerosis 
 
Atherosclerosis is a quintessential complex disease caused by multiple genetic and 
environmental factors and complex gene-environment interactions. Atherosclerosis 
involves multiple vascular territories including coronaries, carotids, and peripheral 
vessels. The molecular mechanisms leading to coronary atherosclerosis remain partially 
understood. 
 
During the past five decades, large-scale epidemiological studies led to identifications of 
multiple risk factors for CAD. While epidemiological studies in families with premature 
CAD and in monozygotic and dizygotic twins emphasize the significance of genetic 
factors in susceptibility to coronary atherosclerosis, population migration studies 
underscore the impacts of environmental factors. The so-called "traditional" risk 
factors, such as dyslipidemia, diabetes mellitus, and hypertension, have significant 
genetic and environmental components (Breslow JL. Genetics of lipoprotein 
abnormalities associated with coronary artery disease susceptibility. Annu 
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Rev Genet 2000; 34:233-254). 
 
Marenberg, et al, showed in a study of 3298 monozygotic and 5964 dizygotic twins that 
the relative hazard of death from CAD when one's twin died of premature CAD 
(age less than 55 years) is 8.1 (2.7 to 24.5) for monozygotic twins and 3.8 (1.4 to 10.5) 
for dizygotic twins ((Marenberg ME, Risch N, Berkman LF, Floderus B, de Faire U. 
Genetic susceptibility to death from coronary heart disease in a study of twins. N Engl J 
Med 1994; 330(15):1041-1046). 
 
Collectively, clinical genetic studies have established a major role for genetic factors 
in susceptibility to coronary atherosclerosis. 
 
 
3.6.10 Familial Hyperlipidemia (FH) 
 
Familial hyperlipidemia (FH) is probably the best example of single gene disorders 
that leads to coronary atherosclerosis. FH is a relatively uncommon disease that affects 
1:500 in the population in heterozygous form, and 1:100,000 in homozygous state. 
Affected individuals show severe elevation of plasma levels of total and LDL cholesterol 
that often range between 35 to 500 mg/dl in the heterozygous subjects and even much 
higher in the homozygotes. The phenotype is characterized by premature coronary 
artery disease, tendon xanthomas, and arcus cornealis, which is common during 
childhood in homozygous subjects and after the age of 20 in heterozygous subjects. 
 
Fish eye disease is a rare autosomal dominant disease due to deficiency of lecithin: 
cholesterol acyltransferase (LCAT). LCAT gene is located on chromosome 16q22.1, and 
codes for a protein involved in the synthesis from pre -lipoprotein A1 and conversion of 
HDL3 to HDL2 cholesterol. Deficiency of LCAT leads to premature coronary 
atherosclerosis, proteinuria, anemia, renal failure, and corneal opacification 
(cataracts). 
 
Cardiovascular disease is the major cause of death in diabetic patients. The risk of 
ischemic heart disease (IHD) and of cerebrovascular events is much higher in 
diabetic patients than in healthy individuals. This is partly due to the variety of 
hyperlipidemias present in diabetes. Factors which contribute to this tendency include 
coincident systemic hypertension, smoking and obesity. In addition, decreased levels 
of the protective high-density lipoproteins (HDL) have been demonstrated in diabetes. 
 
The increased risk of cardiovascular disease is particularly associated with NIDDM, 
in which atherosclerosis is significantly accelerated. Management is essentially that of 
prevention by encouraging regular exercise, low saturated fat diet with some complex 
carbohydrates, loss of weight and stopping smoking. A type of cardiomyopathy specific 
to diabetes is also well known to occur, albeit as an early complication of IDDM. 
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The pathophysiology of diabetic retinopathy and of diabetic cataractogenesis was 
recently shown to be associated with an increase in the synthesis of the enzyme 
aldose reductase, which catalyses the formation of sorbitol. 
 
 
3.6.11 Atheroma and Cancer:  Both are Tumors 
 
Atherosclerotic plaque is actually a benign tumor, an atheroma, somewhat analogous 
to cancer.  Although it does not metastasize, it kills by occlusion.  Atheroma may regress 
with time, just as with spontaneous regression of cancer.  I believe that this is a most 
important concept to keep in mind.  It ties together my Unified Theory’s approach 
to etiology and treatment of cancer and atherosclerosis. 
 
 

“Considered by the medical minions to be the most 
destructive component affecting the cell, 

oxygen radicals go about their  
assigned diurnal nano-ceutical tasks. 

They, being only momentarily withheld from  
the precious oxygen-addicted neurons,  

precipitously results in stroke; 
whereas, oxygen devouring myocardial cells  

keel over with rapid demise, in even the briefest absence  
of life rendering, radical producing oxygen. 

Now, fool, just try to convince the brain, the heart and me, 
of the alleged, unequaled toxicity of  

oxygen and its brethren.” 
R. M. Howes, M.D., Ph.D. 

11/25/04 
 
 
 

“Oxygen, the ingenious molecule.” 
R. M. Howes, M.D., Ph.D. 

11/26/04 
 
 

Rewriting the 50 year theory of free radicals is not without considerable 
difficulty.   This flawed theory has passed its useful shelf-life and needs 
to be discarded promptly.  The internet and World Wide Web represent 
a scientific cesspool of confusion as it relates to the benefits and harmful 
effects of antioxidants.   
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3.6.12 1.0.1  Modern Data and Disease Causation 
 
In studying the life of Paracelsus (1493-1541), I found a few points of similarity in our 
beliefs:  (Bombasticus Paracelsus) 

1. He denounced physicians as being in league with apothecaries to profit from 
ignorance and polypharmacy. 

2. He preferred nature’s own healing powers over those introduced by man. 
3. He assaulted the values of the medical establishment and its traditional structure. 

 
 
 

“The massive and muscular poly-pharmacy snake, 
drives its shiny fangs through the patient’s wallet 

and deep into its prey’s pale, quivering, and sickened flesh. 
It writhes, whist pumping its synthesized venom  

throughout the victims vascular tree. 
Poisoned blood cells and neurons succumb,  

 with convulsive attempts to live, 
but in the end 

the serpent of profit always seems to win.” 
R. M. Howes, M.D., Ph.D. 

12/18/04 
 
 

 
3.6.13 Factoids 
 
The Discovery Channel stated that the oxygen intake for a thorough bred horse, in full 
gallop, can exceed 10 gallons/second. I believe that this seems a bit much. 
 
Over 10,000 deaths are attributed to aspirin annually, due primarily to gastric bleeding, 
and far exceeds deaths from hydrogen peroxide or from sodium hypochlorite combined.  
 
A 2000 report published in JAMA by Barbara Starfield, M.D., MPH, showed that in the 
U.S. there are: 

• 106,000 deaths/year from adverse effects of medications 
• 80,000 deaths/year from nosocomial infections in hospitals 
• 20,000 deaths/year from other errors in hospitals 
• 12,000 deaths/year from unnecessary surgery 
• 7,000 deaths/year from medication errors in hospitals 

 
This totals 225,000 deaths/year from iatrogenic causes, placing iatrogeny as the 3rd 
leading cause of death in the U.S., second only to heart disease and cancer.  More than 
4 times as many people die in one year from doctors’ mistakes than died in the entire 
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Vietnam War.    
 
3.6.14 6   Spontaneous Regression 
 
A general reference for spontaneous healing is the following:  (MacAdam, D.H. 
Spontaneous regression:  cancer and the immune system, 2003; Xlibris Corp).  
 
My review of the literature revealed that spontaneous regression is also 
seen in arteriosclerosis, cataract formation, a wide range of cancers, 
HIV/AIDS, arthritis, etc.  I believe that this argues that the body has a system of 
oxidative-cure (NOHB) which maintains homeostasis and good health.  The fact that 
cancers, cataracts, and arthritic changes can correct themselves proves my point.  Without 
such a system, the body could not correct itself.  Just as the body has the fibrinolytic 
system which keeps blood from clotting intravascularly, at all times, the body also 
has oxidative systems which keep cancer from growing, plaques from forming, 
diseases from becoming manifest, and cataracts from coalescing. 

Infections are often involved in cell damage. Virulence of microorganisms and the 
induction of inflammation depend on their ability to replicate in human or animal body 
and to destroy cellular structures. During growth and multiplication, microorganisms can 
produce and release different exotoxins which are potent injuring agents. Other 
microorganisms, after destruction or lysis, release from phospholipid and 
lipopolysaccharide envelops toxins known as endotoxins. The term '' endotoxin'' is 
generally used to refer to the thermostable polysaccharide toxin, firmly bound to the 
bacterial cell, in contrast to the thermolabile protein '' exotoxin'', secreted into the external 
environment. Endotoxin (lipolysaccharide, LPS) is responsible for many 
pathophysiological symptoms observed during gram-negative bacterial infections. They 
include pyrogenicity (the ability to cause an increase in body temperature), changes in the 
number of circulating leukocytes (leukocytopenia, leukocytosis), complement activation, 
activation of macrophages, aggregation of platelets, increase of capillary permeability 
and others. In addition, LPS induces an immune response. Administration or release of 
a higher dose of endotoxin may produce lethal shock. All these biological activities are 
mediated through the endogenous mediator -- tumor necrosis factor-α (TNF-α).  

Viruses do not produce exotoxins or endotoxins. They are typical intracellular parasites 
and use cells for their own replication. During this, damage of cell structures leading to 
the death of the cell is observed. In addition, viruses may be responsible for the 
tumorous transformation of cells.  

I believe that many viruses lay-in-wait for an opportune time of EMOD deficiency, 
whereupon they may be “allowed” to manifest themselves.  We know that many of 
the herpetic viruses (cold sores, herpes genitalis, HPV, Ebstein Barr, etc.) may lay 
dormant for prolonged periods.  Similarly, bacteria can be present for years and not 
cause pathogenesis until a period of immune deficiency or a state of EMOD 
deficiency “allows” them to flourish. 
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3.6.15 6.6  Malaria, Pregnancy and Fetal Death 
 
There were an estimated 515 million cases of the deadliest form of malaria in 2002, 
according to a new study in Nature, 50% more than earlier estimates.  Malaria kills at 
least one million people a year, mostly children.  Almost 11 million children in 
developing countries die before the age of five, most of the from causes that are 
preventable in wealthier countries, according to the World Bank.  The causes of 
death include acute respiratory infection, diarrhea, measles and malaria, which together 
account for 48% of child deaths in developing world.   
 
3.7 7  Artemisinin (Antimalarial) and Reactive Oxygen Species 
 
Experiments to determine artemisinin’s anti-malarial mechanism of action led to tests as 
an anti-cancer drug.  The key turned out to be a shared characteristic of the malaria 
parasite and dividing cancer cells:  high iron concentrations.  When artemisinin, or 
any of its derivatives, comes into contact with iron, a chemical reaction ensues, spawning 
free radicals, which attack and bind with cell membranes, breaking them apart and 
killing the single-cell parasite.  Cancer cells have much higher levels of iron than do 
normal cells.  The surface of cancer cells has 5-15 times more transferrin receptors 
than healthy cells.  Henry Lai, from the University of Washington, increased the iron-
holotransferrin-transferrin levels of breast cancer cells and treated them with 
artemisinin and found a dramatic effect, especially in breast cancer cells that were 
resistant to radiation.   
 
3.7.1 Iron and Vitamin C 
 
This supports my Unified Theory, in that, the high iron levels leads to the formation of 
greater amounts of EMODs which will kill the cancer cells.  Theoretically, I believe that 
one could increase dietary iron and its absorption with ascorbic acid, and increase 
EMODs levels and thus, decrease cancer formation rates and kill neoplastic cells, on a 
prophylactic basis.  This may also apply to viruses and bacteria.  I should also check the 
cancer rates in patients with hemosiderosis and hemochromatosis or preferably iron 
supplementation.  Within limits, it should be lower as should rates of infection. 
 
Iron is the most abundant physiological transition metal; copper is second.  Ca is 
fifth most abundant element (by mass, behind O, C, H, and N) in the human body at ~ 1 
kilogram present.  Both Ca and Zn are commonly implicated in pro- and anti- oxidant 
processes. 
 
Commonly, children with iron deficiency anemia will have an increased risk of infections 
and have attention defects.  Additionally, patients with iron overload can have increased 
risk of infections.  The Free Radi-Crap theory suggests that patients with iron overload 
should be symptomatic of all of the diseases attributed to high EMODs levels, but out of 
410 patients, 27% with iron overload, had no symptoms whatsoever (Adams, P. C. et 
al. The relationship between iron overload, clinical symptoms and age in 410 persons 
with genetic hemochromatosis. 1997; 25: 162-166).   
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After full growth, at about the age of 18 years, excess iron accumulates in all people at 
the rate of 1 mg/day (Gutteridge, J. and Halliwell, B.  Antioxidants in nutrition, health 
and disease.  New York: Oxford University Press; 1994 p 24-39).  Normally, there is no 
free iron in the blood of healthy patients.  Vitamin C increases the absorption of 
iron but there is no evidence that it causes iron overload.  Vitamin C supplements 
have been shown to decrease the risk of diabetes, cancer and cataracts (Gerster, H. High-
dose vitamin C:  a risk for persons with high iron stores?  Int J Vitam Nutr Res 1999; 69: 
67-82).  Bioflavinoids and phytic acid, from berries and seed in the diet, bind iron in the 
gut or in the blood and act to keep free iron at a minimum. 
 
3.7.2 Iron and Ethanol 
 
Additionally, alcohol increases the absorption of iron and I believe that this may 
explain the benefits seen in mild consumption of alcohol regarding heart disease and 
cancer. 
 
Acute and chronic ethanol exposure exacerbates mitochondrial EMODs production, from 
isolated rat hepatocytes, and chronic ethanol consumption produced a six-fold 
increase in hepatocytes EMODs production compared with levels measured in 
controls (Bailey, S.M. and Cunningham, C.C.  Acute and chronic ethanol increases 
reactive oxygen species and decreases viability in fresh, isolated rat hepatocytes.  
Hepatology. 1998 Nov; 28(5):1318-26).  I believe that this effect of ethanol, increasing 
EMODs levels, may be the reason that alcohol has been used for its medicinal properties 
throughout recorded history.  Further, it may explain the “French Paradox”, in which 
patients have low levels of heart disease and arteriosclerosis and have a high intake of 
ethanol, even though they also have a high intake of fatty foods. Also, I believe that the 
lipid alcohols generated by the breakdown of H2O2 by GPx may increase EMOD 
production. 

Drinking alcohol may reduce the risk of developing cancers of the lymphatic system, 
researchers said on 6/07/05. An analysis of nine studies involving 15,000 people from the 
United States, Britain, Sweden and Italy showed that people who drank alcohol had 
about a 27-percent lower chance of developing non-Hodgkin lymphoma (NHL) than 
non-drinkers.  "Our pooled analysis of alcohol consumption and NHL risk suggests that 
people who drink alcoholic beverages have a lower risk of NHL than those who do not," 
said Dr. Lindsay Morton of the National Institutes of Health (NIH) in the United States. 

Drinking alcohol raises the odds of several cancers, but drinkers had a lower risk of 
NHL regardless of the type of alcohol, the amount they consumed or how long they had 
been drinking. There are 20 different types of non-Hodgkin lymphoma. People older 
than 50 and those with a suppressed immune system have a higher risk of 
developing the illness. Cases of NHL have risen worldwide in the past few decades. 

The researchers studied 6,500 patients with NHL and 8,600 healthy people. They found 
that a family history of NHL, age, sex, and a history of smoking did not change the effect 
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of alcohol on the illness.  "We don't know whether other lifestyle factors or...true effects 
of alcohol on the immune system explain the association," Morton said. 

Alcohol had the biggest impact on Burkitt's lymphoma, according to the analysis, 
published in The Lancet Oncology, with drinkers' risk of developing the cancer about 
half that of non-drinkers. Studies have suggested that antioxidants in the skin of 
grapes reduce the risk of NHL particularly in red wine drinkers. But the researchers said 
their findings did not show any difference between drinkers of white and red wine. 

I believe that this is additional evidence of the beneficial effects of EMODs, which 
are increased by ethanol and this may be an important agent to increase a patient’s 
oxidative capacity and increase the prooxidant protection to the patient. 

3.7.3 Cannabinoids 
 
Some forms of the cannabinoids do in fact have a “neuroprotective” effect (A. J. 
Hampson, M. Grimaldi, J. Axelrod, and D. Wink. Cannabidiol and  9-
tetrahydrocannabinol are neuroprotective antioxidants. Proc Natl Acad Sci. Vol. 95, Issue 
14, 8268-8273, July 7, 1998.). What that means in more or less layman’s terms is that 
some of these cannabinoid compounds have been shown to act as antioxidants – 
sponges for free radical oxygen species (EMODs).  
 
3.7.4 8.3  Points of Convergence: Scleroderma 

Scleroderma is an autoimmune disease of the connective tissue. Autoimmune diseases 
are illnesses which occur when the body's tissues are attacked by its own immune system. 
Scleroderma is characterized by the formation of scar tissue (fibrosis) in the skin and 
organs of the body. It can cause pulmonary fibrosis and decrease oxygen uptake on a 
systemic basis. This leads to thickness and firmness of involved areas. Scleroderma is 
also referred to as systemic sclerosis. Diabetics often develop scleroderma-like 
symptoms. 

The cause of scleroderma is not known. Researchers have found some evidence that 
genes are important factors, but the environment seems to also play a role. This means 
that inheritance at least plays a partial role. It is not unusual to find other autoimmune 
diseases in families of scleroderma patients. Some evidence for the role genes may play 
in leading to the development of scleroderma comes from the study of Choctaw Native 
Americans who are the group with the highest reported prevalence of the 
scleroderma. The disease is more frequent in females than in males. 

Because of the involvement of the lungs and its associated difficulties in effectively 
delivering O2 to the blood, I predicted that scleroderma should be a condition in 
which many diseases may be “allowed” to manifest themselves (e.g., cancer, 
arthritis, atherosclerosis, etc.). This would be consistent with my Unified Theory 
and with EMODs deficiency states. 
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Organ disease can occur early on and be serious. Organs affected include the esophagus, 
bowels, lungs with scarring (fibrosis), heart, and kidneys. Some patients have overlaps 
of scleroderma and other connective tissue diseases, such as rheumatoid arthritis, 
systemic lupus erythematosus, and polymyositis. Ultraviolet light therapy (PUVA) is 
being studied as a possible treatment for limited scleroderma, which is a good way 
to generate EMODS. 
 
About 80 percent of these patients develop lung involvement. Over time the lungs scar, 
making breathing difficult. This scarring is believed to be caused by inflammation, in 
which an abnormal number of white blood cells collect in the lungs. The drug, 
Cyclophosphamide (Cytoxan, Neosar) improved the patients' breathing problems and 
boosted their energy levels, said study author Dr. Donald Tashkin, a professor of 
medicine at the David Geffen School of Medicine, University of California, Los Angeles 
(UCLA).  Cyclophosphamide is a prooxidant drug. 
 
Systemic sclerosis (scleroderma) may be associated with an increased incidence of 
cancer, including breast cancer, B-cell lymphoma, lung cancer and tongue cancer. 
Just because someone has cancer does not mean that they also have scleroderma, nor 
does it mean that someone with scleroderma will inevitably acquire cancer. Scleroderma 
affects everyone differently and there is no predictable course of the illness, either in its 
severity, progression or outcome. However, there is an increased risk of cancer in 
those who have systemic scleroderma, just as I had predicted. 
 
The association of systemic sclerosis with malignant neoplasms. Decreased DLco 
(pulmonary CO diffusing capacity) appeared to be a risk factor for the concomitant 
malignant neoplasms among patients with systemic sclerosis (odds ratio 2.00 for DLco < 
or = 70%, CI 1.06-3.74, P=0.032). These results may help to elucidate the etiology of 
systemic sclerosis. PubMed. (Nihon Rinsho Meneki Gakkai Kaishi. 2004 Dec;27(6):402-
6). 
 
Triple association between hepatitis C virus infection, systemic autoimmune diseases, 
and B cell lymphoma. We describe 6 patients with a triple association of HCV infection, 
systemic autoimmune disease, and non-Hodgkin's lymphoma (NHL). This triple 
association reinforces the suspected links between autoimmunity, infection, and 
cancer. PubMed. (J Rheumatol. 2004 Mar;31(3):495-9). 
 
Association between systemic sclerosis and breast cancer: eight new cases and review of 
the literature. The close temporal relationship between SSc onset and breast cancer 
diagnosis is highly suggestive of a pathophysiological link. SSc is probably not a 
paraneoplastic disease since the anticancer treatment has no influence on the evolution of 
SSc. However, it can be suggested that SSc could be a disease facilitating breast cancer 
and/or metastases development. PubMed. (Clin Rheumatol. 2004 Dec;23(6):516-22). 
 
Cancer and interstitial lung disease. Interstitial lung diseases for which the available 
evidence suggests an increased risk of lung cancer include idiopathic pulmonary 
fibrosis, systemic sclerosis, and certain forms of pneumoconioses. PubMed. (Curr Opin 
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Pulm Med. 2004 Sep;10(5):425-434). 
 
Risk of cancer in patients with scleroderma: a population based cohort study. This 
population based cohort study provides evidence that scleroderma is associated with 
cancer, and in particular, lung cancer. In addition, both diffuse and limited forms of 
scleroderma are associated with a similarly increased risk of cancer. PubMed. (Ann 
Rheum Dis. 2003 Aug;62(8):728-31). 
3.7.5 “One Good Redox (EMOD) Deficiency Disease Deserves 

Another.” 
 
Believing that my Unified Theory is correct, I predicted that diseases resultant from 
EMOD deficiency states should be occurring together in some patient populations.  In 
other words, “One good redox (EMOD) deficiency disease deserves another.”   
 
For example, risk factors for arteriosclerosis are high cholesterol, physical inactivity, 
diabetes, obesity, and high blood levels of homocysteine.  Diabetics have 2-6 times a 
higher risk of developing arteriosclerosis.   The association of these two diseases 
illustrates my point.  Diabetics have a 30% greater chance of developing cancer.   
 
3.7.6 Endometriosis 
 
Interestingly enough, patients with endometriosis and their families have a greater 
risk of breast cancer, melanoma, ovarian cancer and non-Hodgkin’s lymphoma.  
Endometriosis, like cancer, is characterized by cell invasion and unrestrained growth.  
Furthermore, endometriosis and cancer are similar in other aspects, such as the 
development of new blood vessels and a decrease in the number of cells undergoing 
apoptosis.  Yet, endometriosis is not considered a malignant disease but the possibility 
that it could transform into a cancer has been debated since 1925 (Swiersz, L. Role of 
endometriosis in cancer and tumor development.  Annals of the N.Y. Acad of Sci. (2002) 
955: 281-292).  Further, a number of the cancers and autoimmune problems seen in 
women with endometriosis and their families have been linked to environmental toxins.  I 
believe that these diseases could be more appropriately linked to deficiency states of 
EMODs.  Pollutants such as the herbicide Agent Orange, with its dioxins, can cause 
cancer via immunosuppression.  Researchers at Harvard Medical School have found the 
risk of the following cancers was greatest in the families of women with 
endometriosis:  9.8% incidence of melanoma (compared to 0.01% in the general 
population); 26.9% incidence of breast cancer (0.1% in the general population); and 8.5% 
incidence of ovarian cancer (0.04% in the general population).  Additionally, 
endometriosis was associated with high rates of thyroid disorders (especially 
hypothyroidism and Hashimoto’s thyroiditis), rheumatoid arthritis, lupus, multiple 
sclerosis and Meniere’s disease. 
 
3.7.7 Retinoblastoma 
 
Survivors of the hereditary form of retinoblastoma, face an increased risk of developing 
other types of cancer.  This risk is a lifelong one.  Though it is difficult to predict its exact 
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extent, studies show that those with the hereditary form of retinoblastoma have a 30% 
lifetime risk of developing some other type of cancer at any age.  The risk rises to 
50% if the child receives external beam radiation therapy.   Cancers can be caused 
by DNA mutations (defects) that activate oncogenes or de-activate tumor-
suppressor genes.  The most important gene involved in retinoblastoma is the tumor-
suppressor gene Rb (also known as Rb 1).  About 40% of the children with 
retinoblastoma inherit an abnormal Rb gene from one parent;  90% of those who inherit 
an abnormal Rb gene from a parent develop retinoblastoma in one or both eyes;  and 10% 
of them develop a tumor of the pineal (an area in the brain and the vestigial third eye).  
 
Cancer, spontaneous regression, arteriosclerosis, PDT, HIV/AIDS, malaria, 
pregnancy, smoking, hydrogen peroxide, sodium hypochlorite, singlet oxygen, 
respiratory burst, inflammation, oxygen consumption, cellular oxygen levels, RONS 
levels, exercise, immunosuppression, antioxidants, hypoxia, aging, hypericin, 
obesity, chronic granulomatous disease, Down’s syndrome, etc.  I firmly believe that 
they have a commonality, which is based on EMODs levels, both actual and relative.  
 
3.7.8 Down’s Syndrome 
 
Individuals with Down’s syndrome have an accelerated process of aging which is 
thought to be associated with oxidative stress, since Zn/Cu superoxide dismutase is 
increased by about 50% in children with Down’s syndrome, glutathione and other 
less known antioxidant mechanisms were studied to determine whether there were 
changes in reactive oxygen species. Plasma reduced and oxidized glutathione and red 
blood cells enzymes including acid phosphatase, methemoglobin reductase and 
transmembrane reductase were evaluated in Portuguese children with Down syndrome 
and their siblings, who were used as a control group.  
 
No significant differences were found between the study and control groups. A 
negative correlation was noted between total glutathione and acid phosphatase in the 
siblings without Down syndrome, but not in the children with Down syndrome. 
Although it is claimed that the production of hydrogen peroxide is enhanced in 
children with Down syndrome, their antioxidant mechanisms do not seem to be 
significantly different compared with their siblings (Pinto M, Neves J, Palha M, Bicho 
M. Oxidative stress in Portuguese children with Down syndrome. Downs Syndr Res 
Pract. 2002 Sep;8(2):79-82).  I believe that this helps dispel the myth of increased 
oxidative stress in Down’s patients. 
 
Recent studies show a relationship between oxidants, antioxidants, and degenerative 
disease of aging like cataract formation. Focal lens cortical changes and cortical 
liquification have been reported in patients with Down’s syndrome (DS) over 14 years. 
There is alleged evidence supporting the hypothesis that trisomy 21 patients have an 
increase in free radical reactions. These changes in antioxidant system may play a role in 
cataractogenesis in Down syndrome. They screened serum samples from 12 patients with 
DS and cataract: and 12 healthy age and sex-matched persons. They evaluated the 
antioxidant enzyme activities of superoxide dismutase (SOD), glutathione peroxidase 
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(GSHPx), glutathione-S-transferase (GST) and reduced glutathione (GSH) in 
erythrocytes (Cengiz M, Seven M, Suyugul N. Antioxidant system in Down syndrome: a 
possible role in cataractogenesis. Genet Couns. 2002;13(3):339-42).  
 
SOD and GSH-Px levels of patients with DS were significantly higher than the 
control group. No significant changes were observed in GST and GSH levels between 
the DS and control groups. These findings suggest that Down’s patients suffer from a 
deficiency level of EMODs and this may be a possible mechanism for early cataract 
formation and premature aging in DS. 
 
3.7.9 Tissue and Cellular Hypoxia 
 
I have observed that tissue and cellular hypoxia is a constant companion of many of 
the degenerative diseases such as chronic inflammation, cancer, aging, atherosclerosis, 
diabetes, obesity, rheumatoid arthritis, etc.  This observation raises the possibility that 
low levels of ground state oxygen are insufficient to produce adequate levels of 
EMODs.   This may mean that less O2 is available for synthesis of ATP and 
consequently, many of these conditions have associated levels of fatigue, which could 
be compounded by intake of antioxidants.  

Anemia results in fatigue of gradual onset. The clinical expression of anemia results from 
tissue hypoxia (oxygen deprivation). Oxygen deprivation leads to decreased ATP 
formation and consequent fatigue.  Symptoms include: fatigue, weakness, drowsiness, 
headache, irritability, amenorrhea, and loss of libido.  Iron deficiency is the most 
common nutritional deficiency worldwide. In adults, iron deficiency anemia is most 
likely secondary to blood loss. Symptoms include: fatigue, loss of stamina, pica 
(cravings non-foods), pagophagia (craving ice), glossitis (sore tongue), and cheilosis 
(dry lips). 

3.7.10 Relative EMODs Deficiency States 
 
I believe that relative deficiency states of EMODs exist in conditions such as the elderly, 
in which overall oxygen consumption and oxygen utilization is considerably reduced by 
as much as 40% of normal.  Under hyperoxic conditions, mitochondrial EMOD 
generation increases as a linear function of the oxygen tension (Turrens, J.F. (2003) J. 
Physiol. 552, 335-344).  This means that less oxygen is available for metabolism and 
that less EMODs will be produced by the electron transport chain and oxidative 
phosphorylation, presumably also by 40%.  Thus, even though specific cells appear to 
produce normal levels of EMODs, the total amount of EMODs being produced must 
also be reduced by 40% and this condition “allows” the manifestation of many of 
the degenerative diseases such as cancer, arteriosclerosis, cataracts, diabetes and 
arthritis. 
 
A correlation between anemia and risk of Alzheimer disease was first identified by 
Beard et al (Beard, C.M., Kokmen, E. O’Brien, P. C. et al, risk of Alzheimer’s disease 
among elderly patients with anemia:  population-based investigations in Olmsted County, 
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Minnesota.  Ann Epidemiol. 1997;7:219-224).  A number of cognitive and emotional 
complications of anemia, including headaches, loss of concentration, and depression, 
have been reported in cancer patients.  In patients undergoing dialysis, anemia was 
associated with confusion, inability to concentrate, decreased mental alertness and 
impaired memory.  A direct correlation between hemoglobin levels and cognition was 
established by Pickett, et al, and they reported that increasing the hematocrit of chronic 
dialysis patients above 33% to 36% with blood transfusions improved attention 
span, learning ability and memory (Pickett, J.L., Theberge D.C., Brown, W.S., et al 
Normalizing hematocrit in dialysis patients improves brain function.  Am J Kidney Dis.  
1999;33:1122-1130). 
  
Increases in malaria are associated with decreases in cancer, autoimmune diseases 
and dementia.  I believe that this is due to the increased levels of EMODs produced by 
the respiratory burst or, as I call it, the peroxide-spike of oxidative-cure, which is 
associated with a deadly (pathogen) oxidative assault (DOA) upon the invading pathogen.  
This is a most important observation as it also relates to Alzheimer’s diseases, which I 
believe is also likely a condition that is allowed to develop when inadequate levels of 
EMODs are present.  
 
3.8 Cataracts:  An Overview 
 
The origin of the word “cataract” is somewhat obscure.  The Greeks and Romans 
thought cataracts were evil liquids that flowed into the eye.  A papyrus dating to 1500 
BCE, describes what was probably a cataract under the phrase “the mounting of water 
in the eye.”  The Greeks used the words hypochysis and hypochyma, meaning “water 
underneath.”  The Romans used the Latin term suffuses to describe a cataract as a 
suffusion, or overspreading.  During the Middle Ages, the Arabs translated the term for 
cataract into an Arabic word meaning “black water.”  Later, that Arabic word was 
translated back into Latin as the word cataracta – a waterfall – which eventually 
became the English “cataract.” 
 
Although cataracts were recognized more than 3,000 years ago, it took centuries for 
doctors and scientists to begin to understand its nature and causes.  Such scholars as 
Leonardo da Vinci (1452-1519) and Andreas Vesalius (1514-1564) staunchly 
maintained that a cataract was an evil humor or phlegm that covered or clouded the 
front of the lens, rather than a disease of the lens itself.  The true nature of the cataract 
was first published by Warner Rolfink (1599-1673), an anatomy professor in Jena, 
Germany.  Rolfink learned of the French surgeon Francois Quarre, who believed that a 
cataract was merely a clouded lens.  By dissecting the eyes of executed criminals (of 
which there were many it seems), Rolfink confirmed his theory. 
 
Cataracts are considered to be one of the many diseases secondary to excessive levels of 
EMODs, but I believe that they are actually associated with a relative deficiency state of 
EMODs.  Thus, risk factors for cataracts are advancing age, race (African 
Americans), gender (women have more cataracts than men), a family history, 
previous eye injury, inflammation, surgery, prolonged steroid use, smoking, 
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diabetes and excessive exposure to sunlight.  Investigators at Harvard Medical School 
led by ophthalmologist, Debra Schaumberg, have shown that cataracts are related to 
increased levels of lead.  Their study found a link between lead exposure and the 
development of cataracts in older men, adding to the list of harmful effects blamed on the 
heavy metal, as was published in the Dec. 2004 issue of JAMA. 

The eyes lens is a clear, gelatin-like substance consisting of long fiber cells of protein and 
water. Inside the lens, there are no blood vessels or cell nuclei to prevent the passage of 
light through the lens to the retina, the light sensitive tissue at the back of the eye. 

Cataracts occur in diabetics because excess sugar migrates into the eye's lens. Here, the 
excess sugar is converted into sorbitol, an odorless crystalline alcohol. This can occur 
from increased synthesis of aldose reductase. This results in osmotic changes and 
oxidative stress. Free radicals are also generated by ultraviolet light. When these events 
occur, the lens’s cells form light-scattering globules. These milky balls produce opaque 
cataracts. Cataract is the major cause of blindness and of visual impairment worldwide, 
so its prevention is of the greatest importance. At present no drug therapy is licensed for 
use in the UK or the US, so the only treatment for cataract is by surgery, which is 
expensive and has adverse effects.  

Benefits have been claimed for many compounds or mixtures.  Information on possible 
benefits of putative anticataract agents comes from a variety of approaches, from 
laboratory experiments, both in vitro and in vivo, to epidemiological studies in patients.  

Sorbitol-lowering drugs were the first to be examined systematically and progressed 
to clinical trials which were disappointing, and now the entire rationale for their use in 
prevention of cataract is questionable. Micronutrients showed little promise in animals 
but came to clinical trial in patients with cataract without the publication of any major 
benefit. Pantethine showed more promise in animal studies but the only clinical trial 
was abandoned early. A variety of laboratory and epidemiological evidence supports the 
benefits of aspirin-like drugs but there has been no trial specifically in patients with 
cataract. Add-on studies to trials of aspirin for other indications have not been 
encouraging (Harding J.J. Can Drugs or Micronutrients Prevent Cataract? Drugs & 
Aging, 2001, vol. 18, no. 7, pp. 473-486(14)). 

In some people, the proteins in the lens, notably those called alpha crystallins, may also 
clump together, forming cloudy (opaque) areas called cataracts. They usually develop 
slowly over several years and are related to aging. In some cases, depending on the 
cause of the cataracts, loss of vision progresses rapidly. As people reach their mid-
forties, biochemical changes occur in the proteins within the lens, causing them to 
harden and lose elasticity. This causes a number of vision problems. For example, loss of 
elasticity causes presbyopia, or far-sightedness, requiring reading glasses in almost 
everyone as they age. To me, this argues that cataract formation is directly related to the 
deficiencies of aging, unless we are speaking of sugar cataracts or congenital cataracts. 
 
3.8.1 H2O2 Production by the Cornea and Aqueous Humor 
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Death of corneal endothelial cells (EC), by necrosis and possibly apoptosis, plays a major 
part in many corneal diseases and in corneal graft failure. Human EC do not undergo 
mitosis to any significant extent and respond to loss of neighboring cells by enlargement 
and spreading. In consequence, EC death results in diminished cell density. If density is 
reduced below critical levels, the endothelial deturgescent pump fails and aqueous enters 
the stroma, resulting in edema and loss of corneal transparency (Dikstein S, Maurice DM. 
The metabolic basis to the fluid pump in the cornea. J Physiol (Lond) 1972;221:29–41). 

Hydrogen peroxide (H2O2) is produced by the cornea and neighboring tissues. 
Aqueous humor itself generates H2O2 with reported maximum levels of approximately 
0.09 mM H2O2 in bovine aqueous (Spector A, Ma W, Wang RR. The aqueous humor is 
capable of generating and degrading H2O2. Invest Ophthalmol Vis Sci 1998;39:1188–97). 
 
High intraocular concentrations of reactive oxygen species such as H2O2 have been 
found in inflammatory disorders of the eye and are associated with tissue damage 
(Rose RC, Richer SP, Bode AM. Ocular oxidants and antioxidant protection. Proc Soc 
Exp Biol Med 1998;217:397–407) (Green K. Free radicals and aging of anterior segment 
tissues of the eye: a hypothesis. Ophthalmic Res 1995;27:143–9).   
 
A significant role has been attributed to oxidants in the loss of endothelial cells (EC) in 
aging and in some disease states. Previous work has indicated that low concentrations 
(250–500 µM) of H2O2 can induce apoptosis in some cell types (Oral HB, George AJT, 
Haskard DO. Prevention of hydrogen peroxide and cisplatin induced apoptosis by 
intracellular catalase overexpression. Turk J Biol 2000;24:685–96).  
 
Apoptosis could not be detected after treatment of EC with wide variations in peroxide 
concentrations. These findings suggest that the morphological changes found after 
H2O2 challenge are not a result of cell death by apoptosis (T Hudde, R M Comer, M T 
Kinsella, L Buttery, P J Luthert, J M Polak, A J T George and D F P Larkin. Modulation 
of hydrogen peroxide induced injury to corneal endothelium by virus mediated catalase 
gene transfer. British Journal of Ophthalmology 2002;86:1058-1062). 
 
Based on the fact that corneal cells do not divide and that they are constantly 
exposed to EMODs, e.g., H2O2, I ask, “How can some people live a full and long life 
and not develop cataracts, if EMODs are the causative agent?” 
 
Some of the following material was excerpted or modified from the Evanston 
Northwestern Healthcare site.  A cataract is an opacity, or clouding, of the lens of the eye 
and its prevalence increases with age.  As people reach their mid-forties, biochemical 
changes occur in the proteins within the lens, causing them to harden and lose elasticity.  
This causes vision problems such as presbyopia or far-sightedness.  The age of onset of 
cataracts links them to the decreasing levels of oxygen consumption and oxygen 
utilization of oxygen by the cells. 
 
Cataracts are the leading cause of blindness and there are 1.7 million surgeries annually 
at an estimated cost of $3 billion a year in medical expenses.   
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Cataracts are classified according to their location.  Nuclear cataracts form in the nucleus 
of the lens and are the most common.  Cortical cataracts form in the cortex and posterior 
subcapsular cataracts form toward the back of the cellophane-like capsule that surrounds 
the lens and are more frequent in diabetics, the obese and those on steroids.  This 
was my first indication that cataracts were due to deficiency levels of EMODs.  
Cataracts in diabetics appear to form when high levels of blood sugar react with proteins 
in the eye and begin to form byproducts that accumulate in the lens (sugar cataracts). 
Autoimmune diseases, including rheumatoid arthritis, psoriasis, multiple sclerosis, 
systemic lupus erythematosus, Bechet’s disease, and others are at risk for cataract 
formation. This fits my rule that one good EMOD deficiency disease deserves 
another. 
 
However, experts are still uncertain as to the exact biological etiology which ties 
cataracts with aging.  My Unified Theory will tie cataracts to the diminished levels of 
EMODs production and the occurrence of cataracts.   
 
Researchers have focused on EMODs as being primarily responsible for cataract 
formation.  EMODs are produced by natural metabolic processes and by toxins, 
ultraviolet light, infections, etc. The EMODs may be produced in combination with 
reduced levels of antioxidants, especially glutathione.  UVB is thought to be responsible 
for cataract formation and for macular degeneration.  UVA is of longer wavelengths, 
penetrates the skin more deeply, is responsible for tanning and promotes the release of 
oxidants.  
 
Cataracts are a common side effect of total body irradiation treatments for cancer 
therapy.   Smoking is related to cataract formation and is thought to be from increased 
levels of EMODs, but as I have previously discussed, smoking reduces oxygen 
consumption and has increased levels of carboxyhemoglobin.   
 
The multistage hypothesis of carcinogenesis stipulates that a carcinogen, such as 
radiation, initiates a primary lesion (e.g., DNA strand break and mutation). Cells that are 
able to sustain this lesion under the appropriate conditions proliferate and grow. 
However, most abnormal cell transformations do not progress to a cancer. According to 
the International Commission on Radiological Protection (ICRP, 1991), this could result 
from a combination of the following circumstances: 

 virtually no unrepaired cells remain viable after more than a few divisions, 
 those capable of several divisions are frequently “programmed” to differentiate into 

non-dividing functional cells, 
 the required sequence of promotion and progression events in the cell’s environment 

does not occur, and 
 host defense mechanisms (e.g., competent immuno-surveillance and natural killer cell 

activity) exist to prevent selective cloning. 
One of the essential characteristics of primary lesions appears to involve the initiated 
cells acquiring resistance to the cytotoxic actions of carcinogens. According to Farber 
and Cameron (1980), this resistance is essential for the development of lesions because it 
overrides the inhibition of mitosis and allows the initiated cells to reproduce. However, 
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even carcinogenic cells have the potential to revert back to their original (non-
transformed) condition by a process known as adaptive mutation. 
 
Biological responses to low doses of radiation (defined as doses less than 5000 mrem 
per year, i.e., doses on the order of natural background radiation levels) are difficult to 
observe because of the many natural and human-made carcinogens and mutagens that 
individuals are subject to on a daily basis. As mentioned above, radiation-induced 
effects are produced by many of the same mechanisms as other natural agents and these 
effects cannot be distinguished as radiogenic. In fact, the scientific community is 
debating the extent of radiologic cause and even if such effects known to occur at 
high doses are manifest at low-dose exposures (radiation hormesis).  
 
Most sources of radiation are natural -- gamma rays from space and radon from the 
ground air and water.  These sources account for 82% of human exposure.  The 
18% of human radiation comes mostly from medical radiation but also tobacco, 
televisions and smoke detectors.   
 
Cataracts differ from other radiation effects in that a certain level of dose to the lens 
of the eye (- 200 rems) is required before they are observed.  
 
3.8.2 Corticosteroids 
 
Corticosteroids are a well known cause of cataracts but there is controversy concerning 
the use of nasal-inhaled steroids, which are used routinely by asthmatics and allergy 
sufferers.  This is also similar to the pattern seen with cancer development and 
deficiency levels of EMODs.   
 
Long-term use of oral steroids is a well-known cause of cataracts. Studies have been 
conflicting, however, over whether inhaled and nasal-spray steroids increase the risk for 
cataracts. Information on cataract risk from inhaled steroids is important because they are 
commonly used by asthma patients, and steroid sprays use is increasing among allergy 
sufferers. Studies have suggested a higher risk for cataracts among middle-aged and 
elderly patients treated with beclomethasone (Beclovent, Vanceril). However, newer 
inhaled steroids are available and their effects on the eye are unclear. 
 
Other drugs are associated with cataracts, such as follows: 

• Psoralens, drugs used with light therapy  for skin disorders (psoriasis) 
• Antipsychotic drugs such as chlorpromazine (Thorazine) 
• Glaucoma medications such as demecarium (Humorsol), isoflourate (Floropryl) 

and echothiophate (Phospholine). 
• Many other drugs are weakly associated such as allopurinol, tamoxifen, 

amiodarone, tricyclic antidepressants, potassium-sparing diuretics (but not other 
diuretics), thyroid hormone, tetracyclines, sulfamidase and mepacrine. 

 
3.8.3 Medical disorders are associated with cataract formation.   

Diabetes.  Cataracts appear to be related to the high levels of glucose which 
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reacts with protein (sugar cataracts) 
 
Hypertension.  
   
 
Autoimmune diseases (such as rheumatoid arthritis, psoriasis, multiple sclerosis, 
systemic lupus erythematosis, Bechet’s disease and others). 
 
Congenital cataracts.  In about one in every 10,000 births, a baby is born with 
cataracts (called congenital cataracts).  Genetic factors can play a role in adult 
cataract formation also.  Infections during pregnancy also are related to cataract 
formation as is the use of alcohol or drug abuse during pregnancy.  I feel that 
this is analogous to the occurrence of tumors during pregnancy, which are 
indicative of deficiency levels of EMODs. 
 
Congenital cataracts occur in children who have other diseases such as 
diabetes or Down’s syndrome.  This further supports my Unified Theory and 
indicates a deficiency level of EMODs and clustering of diseases in these infants.     

 
3.8.4 Sugar Cataracts 
 
The stimulus for the work on glucose, diabetes and sugar cataracts actually came from a 
study of infants with galactosemia, a rare disease that affects about one in 18,000 
newborns.  Galactosemia results in severe malnutrition for the baby, no matter how much 
milk it drinks and it gets severe infections (E. coli sepsis) and has mental retardation.  
There is some evidence that ovarian cancer is increased in women with mild 
galactosemia.  I believe that this is due to the fact that there is less glucose to be 
metabolized and therefore less EMODs will be generated to protect the body.  This 
observation may also be related to the fact that carbohydrates seem to protect the colon 
from cancer.  The reason is an enzyme that is lacking which allows the baby to digest 
galactose, the principal sugar in milk.  Without this enzyme, the baby cannot obtain 
proper nourishment and will die within a month or two.  One of the effects of 
undigested galactose in the newborn is that it is converted by the enzyme, aldose 
reductase, to a substance that accumulates in the lens of the eye in very high 
amounts, causing severe cataracts.  These dense, white cataracts are the first sign of 
this otherwise fatal disease; and the treatment is simple – take the baby off all milk 
products and substitute soy milk, which lacks the milk sugar galactose.  If recognized 
before four weeks of age, the prognosis is excellent.  The cataract will disappear and 
the baby’s health will return to normal.  I believe that this is another example of 
spontaneous regression, which in this case involves cataracts.  It appears to me that 
the body must have a system in place which is constantly preventing cataracts by 
not allowing them to form or which is breaking down small ones as they form.  
When the EMODs levels become deficient, then cataracts will be allowed to manifest 
themselves or to physically form.  When conditions are such that normal levels of 
EMODs are re-established, then the cataracts are prevented from forming. 
Although galactosemia is an extreme example of the disorder, larger populations of 
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young children and adults display a milder form of the disease, called milk intolerance, 
which is a partial loss of the same enzyme.  Although there is no official scientific link 
with this and senile cataracts, there certainly is evidence for it in juvenile cataracts. 
 
 
Before the discovery of insulin, it was not uncommon for a juvenile diabetic to develop 
a sudden, blinding cloudiness of the lens, called a sugar cataract, brought on by an out 
of control blood sugar level.  In the 1980s, researchers finally established the validity of 
this association and found that, indeed, too much sugar in the blood does cause 
cataracts.  Two sugars, glucose and galactose have been found to have this effect of 
dissolving in the lens of the diabetic and converting into substances that cause the lens to 
swell rapidly and with aqueous fluid surrounding it, acts like a dry sponge suddenly 
immersed in water.  This bloating of the lens with fluid upsets the delicate balance that 
keeps it clear, resulting in a dense cataract.  I believe that this delicate balance is the 
redox levels of the eye.  Even though there is lots of glucose available, it is not 
getting into cells to be metabolized and to produce EMODs, which are necessary to 
keep proteins from coalescing.  
 
3.8.5 Werner’s Syndrome 
 
Another example of the “clustering effect” of certain diseases occurs in Werner’s 
syndrome.  This is another example of “one good free radical deficiency disease 
deserves another.”  Werner’s syndrome (WS), a rare familial disease with symptoms 
resembling premature aging, is considered a partial model of human aging.  People with 
WS develop a vast array of age-related diseases including arteriosclerosis, 
malignant neoplasms, cancer, type II diabetes mellitus, ocular cataracts and 
osteoporosis in early adult life. I believe that this implies a common etiologic factor 
for these varied diseases and that that factor involves EMODs deficiency levels.  
These individuals have a generally aged appearance including early graying, loss of hair, 
and skin wrinkling.  The gene responsible for WS (known as WRN) has been identified 
and even cloned by the National Institute on Aging-funded researchers (Yu et al., Science 
4/12/96) as one that produces an enzyme involved in DNA metabolism and repair.  
Several signs of defective DNA metabolism have been identified in cells obtained from 
WS patients.  The consequences of the defective WRN gene may be related to the 
accumulation of DNA damage in the cells of people with WS leading to the premature 
development of age-related diseases. 
 
3.8.6 Cataracts in Twins 

Genes play a greater role in cataract formation than do age and environment, 
according to a new study published in this week's issue of The New England Journal of 
Medicine. Past research has focused on age, smoking and gender as the greatest risk 
factors for cataracts, but the genetic contribution has not been closely examined.  

The relative importance of genes and environment in the causation of nuclear 
cataracts, the most common form of age-related cataracts, is not known. Hammond 
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et al. studied 506 pairs of female twins (226 monozygotic and 280 dizygotic) who were 
50 to 79 years old (mean, 62). A univariate maximum-likelihood model was used to 
estimate the variance of the genetic and environmental contributions to each of the 
measures.  

The different measures of cataract formation were highly correlated (correlation 
coefficients, 0.71 to 0.94). The mean scores were similar for the right and left eyes 
and for monozygotic and dizygotic twins. Quantitative genetic modeling of each of 
the nuclear-cataract scores invariably resulted in a best-fitting model that involved 
additive genetic effects, unique environmental effects, and age. The common 
environmental and dominant genetic effects could be removed from the models without 
significant loss of fit. The overall heritability in the combined nuclear-cataract score 
(the proportion of the variance explained by genetic factors) was 48 percent (95 percent 
confidence interval, 42 to 54 percent); age accounted for 38 percent of the variance (95 
percent confidence interval, 31 to 44 percent) and unique environmental effects for 14 
percent (95 percent confidence interval, 12 to 18 percent). They concluded that genetic 
effects are important even in such a clearly age-related disease as nuclear cataract, 
explaining almost 50 percent of the variation in the severity of this disease. (Hammond 
CJ, Snieder H, Spector TD, Gilbert CE. Genetic and environmental factors in age-related 
nuclear cataracts in monozygotic and dizygotic twins. N Engl J Med. 2000 Jun 
15;342(24):1786-90).  I believe that this indicates that formation of EMODs is a 
lesser of a factor in cataractogenesis. Identical twins, who share an identical set of 
genes, had very similar cataracts, while there was greater variation in cataract 
development between non-identical twins who differ genetically. Based on this study, 
the researchers estimate that 48 percent of variation in cataracts is due to genes, 38 
percent due to age, and only 14 percent due to environmental factors like smoking, 
diet, X-rays, or sunlight.  Enough said about free radicals and cataracts.  

Evidence on the benefits of supplements of vitamin E or C or vitamin-rich foods has 
been weak or non-existent. (Evidence on vitamin C appears to be strongest.) For 
example, in two identically constructed trials in the US and Britain, the American group 
derived apparent benefits from vitamins E, C, and beta carotene while the British group 
reported very little cataract protection. And in 2002, a major on-going American study 
called the Age-Related Eye Disease Study (AREDS) reported no difference in the 
incidence of cataracts after seven years in people who took the antioxidant vitamins 
compared to those who took sham vitamins. Evidence is suggesting that high doses of 
antioxidant supplements might have harmful effects. 

About once in every 10,000 births, a baby is born with cataracts (called congenital 
cataracts).  These new borns have had minimal exposure to EMODs and yet, they 
have cataracts.  To me, this argues against the involvement of EMODs as a causative 
agent for cataractogenesis. 
 
3.9 9.3  Oxygen Properties 
 
A generalized expression of oxygen utilization during aerobic metabolism can be 
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represented by the following reaction 
 
O2  +  food    water  + CO2  + energy 
 
 
Most importantly, this reaction does not mean that oxygen reacts as a substrate and it is 
believed that oxygen never reacts directly with amino acids, lipids, or sugars, nor 
with their simplified molecular constituents (www.medicine.mcgill.ca/physio/resp-
web/oxygen_needs.pdf).  I do not believe this statement in its entirety but it does 
emphasize the fact that electrophilic, triplet dioxygen is not very reactive.  Oxygen 
acts as a proton and electron acceptor at the end of the electron transport chain, which is 
located on the inner mitochondrial membrane.  
 
3.9.0 Oxygen Sensing:  The Hyperoxic Hyperventilation Paradox 

Some of the following material was excerpted, abstracted or modified from the following 
article:  Dean, J.B., Mulkey, D.K., Henderson, III, R.A., Potter, S.J., and Putnam, R.W.  
Hyperoxia, reactive oxygen species, and hyperventilation: oxygen sensitivity of brain 
stem neurons  J Appl Physiol 96: 784-791, 2004. 

Hyperoxia is a popular model of oxidative stress. However, hyperoxic gas mixtures 
are routinely used for chemical denervation of peripheral O2 receptors in in vivo 
studies of respiratory control. The underlying assumption whenever using hyperoxia is 
that there are no direct effects of molecular O2 and reactive O2 species (EMODs) on brain 
stem function. In addition, control superfusates used routinely for in vitro studies of 
neurons in brain slices are, in fact, hyperoxic. Again, the assumption is that there are 
no direct effects of O2 and EMODs on neuronal activity. Research contradicts this 
assumption by demonstrating that O2 has central effects on the brain stem 
respiratory centers and several effects on neurons in respiratory control areas; these 
need to be considered whenever hyperoxia is used. This section discusses the long-
recognized, but seldom acknowledged, paradox of respiratory control known as 
hyperoxic hyperventilation and the recent hypothesis that hyperoxic hyperventilation 
is initiated by increased production of EMODs during hyperoxia, which directly 
stimulates central CO2

 chemoreceptors in the solitary complex. Hyperoxic 
hyperventilation may provide clues into the fundamental role of redox signaling and 
EMODs in central control of breathing. The practical implications of brain stem O2 and 
EMODs sensitivity are also considered relative to the present uses of hyperoxia in 
respiratory control research in humans, animals, and brain stem tissues.  

Oxygen is required to sustain life, but too much oxygen is believed to be toxic to the 
mammalian central nervous system (CNS) due to excessive production and accumulation 
of EMODs. Recall that "oxygen pressure in the mammalian CNS is maintained at a 
level which is sufficiently high to ensure undisturbed function of brain cells and 
sufficiently low to minimize generation of free radicals" (RMH Note: The later part 
of this statement “sufficiently low to minimize EMODs” is unfounded.)  (Erecinska 
M and Silver IA. Tissue oxygen tension and brain sensitivity to hypoxia. Respir Physiol 
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128: 263-276, 2001). Regardless, high-dose O2 is routinely, but prudently, used in 
clinical and nonclinical settings to treat or prevent hypoxemia and tissue hypoxia. 
Clinical symptoms of CNS O2 toxicity, presumably due to the effects of ROS, are 

manifested only when breathing high-dose O2 at significant hyperbaric pressure 
[i.e., >2 atmospheres absolute (ATA) O2]. However, human and animal studies 
indicate that exposure to hyperoxia at normobaric pressure (pure O2 at 1 ATA) 
also has subtle but damaging effects on neurological function in the immature CNS, 
(in studies done decades ago) and a modulating influence on neuronal excitability in the 
mature CNS. 

One neural system that is particularly sensitive to an increase in inspired O2 is the 
respiratory control system. The ventilatory response to hyperoxia is a biphasic 
response. The first few breaths of hyperoxia typically decrease expired minute 
ventilation ( E) by inhibiting the peripheral chemoreceptors. This initial effect of 
hyperoxia on breathing, however, is short lived, and continued breathing of the hyperoxic 

gas mixture for >1-2 min reveals a secondary increase in E. The secondary response is 
called "hyperoxic hyperventilation," and it occurs primarily through a dose-dependent 

increase in tidal volume (VT), which may or may not be accompanied by an increase in 
respiratory frequency (fresp). In some animal studies, the secondary increase in E is not 
observed unless the peripheral chemoreceptors are denervated. Because hyperoxic 
hyperventilation is present in animals with peripheral chemoreceptor denervation, the 
hyperventilation most likely is of central origin. In contrast, the initial hypoventilation 
or apnea is abolished by peripheral chemoreceptor denervation, which confirms that the 
early transient response is completely dependent on peripheral chemoreception (Watt JG, 
Dumke PR, and Comroe JH Jr. Effects of inhalation of 100 per cent and 14 per cent 
oxygen upon respiration of unanesthetized dogs before and after chemoreceptor 
denervation. Am J Physiol 138: 610-617, 1943). 

Hyperoxic hyperventilation is a paradox in respiratory control. Unlike the hypoxic 
ventilatory response, which functions to maintain tissue oxygenation during hypoxemia, 
the role of hyperoxic hyperventilation in O2 homeostasis is unclear.  

The maximum level of inspired PO2 (PIO2) in our natural environment is only 160 
Torr (0.21 O2 x 760 Torr at sea level = 160 Torr O2 = 0.21 ATA O2).  

3.9.1 Paradox of Ventilatory Control 

This paradox of ventilatory control is significant in that it provides clues into the 
fundamentally important role of reduction-oxidation (redox) reactions, oxidative 
enzymes, and highly reactive end products, which include RONS (Droge W. Free radicals 
in the physiological control of cell function. Physiol Rev 82: 47-95, 2001), in central 
control of breathing (see, e.g., Refs. 37, 38, 40). A similar role for redox signaling and 
EMODs has been identified in O2 sensing by peripheral chemoreceptors (Prabhakar 
NR. Oxygen sensing by the carotid body chemoreceptors. J Appl Physiol 88: 2287-2295, 
2000). Redox signaling and EMODs are a general mechanism employed by many 
cell types to optimize matching between O2 demand and O2

 supply in various organs 
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(Acker H. Mechanisms and meaning of cellular oxygen sensing in the organism. Respir 
Physiol 95: 1-10, 1994). The fact that hyperoxic hyperventilation occurs at all suggests 
that brain stem neurons regulating breathing are sensitive to oxidative environments 
(Mulkey DK, Henderson RA III, Putnam RW, and Dean JB. Hyperbaric oxygen and 
chemical oxidants stimulate CO2/H+-sensitive neurons in rat brain stem slices. J Appl 
Physiol 95: 910-921, 2003). Many neurons in respiratory control nuclei of the brain stem 
contain oxidative enzymes and O2-derived second messengers that are thought to 

participate in normal cell-signaling pathways. Mulkey reported that hyperoxia, EMODs, 
and cellular oxidation directly stimulated firing rate of putative central CO2 
chemoreceptors in the solitary complex (SC) in rat brain stem slices. In this context, 
recall that hyperoxia is a commonly used experimental protocol in studies of oxidative 
stress at normobaric pressure and hyperbaric pressure.  

 
When subjects are breathing HBO2, the cumulative effects of EMODs are well 
recognized because of their role in CNS O2 toxicity; yet, adverse reactions to HBO2 
are rare (Demchenko IT, Atochin DN, Boso AE, Astern J, Huang PL, and Piantadosi 
CA. Oxygen seizure latency and peroxynitrite formation in mice lacking neuronal or 
endothelial nitric oxide synthases. Neurosci Lett 344: 53-56, 2003) (Demchenko IT, Boso 
AE, Whorton AR, and Piantadosi CA. Nitric oxide production is enhanced in rat brain 
before oxygen-induced convulsions. Brain Res 917: 253-261, 2001) (Tibbles PM and 
Edelsberg JS. Hyperbaric-oxygen therapy. N Engl J Med 334: 1642-1648, 1996) (Torbati 
D, Church DF, Keller JM, and Pryor WA. Free radical generation in the brain precedes 
hyperbaric oxygen-induced convulsions. Free Radic Biol Med 13: 101-106, 1992) 
(Torbati D, Mokashi A, and Lahiri S. Effects of acute hyperbaric oxygenation on 
respiratory control in cats. J Appl Physiol 67: 2351-2356, 1989). Accumulating evidence 
supports the notion that the CNS responds to a continuum of O2 tension at both 
normobaric and hyperbaric pressures.  The direct effects of O2 on the brain stem need 
to be considered when hyperoxia is used. Dripps and Comroe (Dripps RD and Comroe JH 
Jr. The effect of the inhalation of high and low oxygen concentration on respiration, pulse 
rate, ballistocardiogram and arterial oxygen saturation (oximeter) of normal individuals. J 
Physiol 149: 277-291, 1947) first introduced the use of normobaric hyperoxia (100% O2, 
8-min exposure) as a tool for physiological denervation of the carotid body 
chemoreceptors. They emphasized, however, the following caveat: "It must be 
remembered that a stimulant effect of oxygen which tends to increase respiration may be 
acting simultaneously to limit the extent of this immediate depression of minute 
ventilation." 

The "stimulant effect of oxygen which tends to increase respiration" is well 
documented in human infants (Davi M, Sankaran K, and Rigatto H. Effect of inhaling 
100% O2 on ventilation and acid-base balance in cerebrospinal fluid of neonates. Biol 
Neonate 38: 85-89, 1980) (Rigatto H, Kalapesi Z, Leahy FN, Durand M, MacCallum M, 
and Cates D. Ventilatory responses to 100% and 15% O2 during wakefulness and sleep in 
preterm infants. Early Hum Dev 7: 1-10, 1982) (Sankaran K, Wiebe H, Seshia MMK, 
Boychuk RB, Cates D, and Rigatto H. Immediate and late ventilatory response to high 
and low O2 in preterm infants and adult subjects. Pediatr Res 13: 875-878, 1979) and 
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adults and various animal models. Because the dose of hyperoxia, and therefore 
RONS, is defined by the duration of the hyperoxic exposure and the level of hyperoxia, it 
is useful to examine studies that have used short and long exposures as well as different 
levels of hyperoxia at normobaric and hyperbaric pressures. At normobaric pressure, 
onset of O2 breathing usually evokes an initial transient hypoventilation, which is not 
always observed. Within 1-2 min, E begins to increase and is significantly elevated 
above the preexposure level within 5 min. Short exposures to isocapnic hyperoxia for 
only 5 min increase E, on average, by 16%. By comparison, 5 min of isocapnic 
hypoxia (8-10% O2) increases E, on average, by 37%. 

3.9.2 Hyperoxia Increases EMODs 

The present working model is that hyperoxia increases EMODs, which inhibit a 
potassium channel(s), although the specific ionic targets have not been identified. Levels 
of O2 in in vitro preparations of the CNS that are often referred to as hypoxia are in 
fact physiological (PtiO2 <35 Torr), and accounting for this fact may alter our 
interpretation of the responses of the brain to true hypoxia. 

3.9.3 O2 Effects (Hyperoxia) on Normal and Transformed Cells 

Basal antioxidant defense levels are often aberrant in tumor cells. This study evaluated 
differences in the responses of various normal and transformed cell lines to different 
oxygen tensions. Exposure to hyperoxia generally failed to induce either the activity 
of GSH peroxidase (GPx) or the manganese-containing form of superoxide 
dismutase (MnSOD) after 48 h, although at 605 mm Hg oxygen, small inductions of 
MnSOD activity were observed in adult lung fibroblasts and amelanotic melanoma. 
Exposure to 605 mm Hg O2 for 48 h was inhibitory to GPx activity. In normal cells GSH 
concentration was proportional to ambient oxygen tension. Tumor cells exhibited 
greater GSH concentrations at low oxygen tensions than normal cells but were 
unable to increase GSH in response to elevation of oxygen tension. These results reveal 
differences in tumor and normal cell responses to changes in ambient oxygen tension 
(Allen RG, Balin AK. Effects of oxygen on the antioxidant responses of normal and 
transformed cells. Exp Cell Res. 2003 Oct 1;289(2):307-16). I believe that the low O2 
tensions produced low EMODs levels, which was exacerbated by high GSH levels 
and that both of these factors created an EMODs deficiency level, which “allowed” 
the growth of the cancer cells. 

3.9.4 9.4  Oxygen Toxicity and Antioxidants  
 
Out of necessity, the body creates free radicals and oxygen reactive species 
relentlessly and continuously. Antioxidants are compounds which provide our body 
with a means of reacting with molecules to continue the passage of electrons throughout 
the cell. By definition an antioxidant is a compound that is able to react with free radicals, 
forming harmless unreactive molecules and protecting other biological molecules from 
damage. However, I believe that these compounds, which are referred to as 
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antioxidants, may be better describe as compounds which assist EMODs and should 
be called “co-oxidants.”   
 
Antioxidants are either reactive chemicals such as vitamin E or specialized enzymes such 
as catalase. The body produces enzymatic antioxidants but it cannot make antioxidant 
chemicals such as vitamin E, C and flavonoids. These antioxidant chemicals protect the 
sites in the body which the enzymatic systems cannot reach. We obtain these 
antioxidant chemicals from our diet but they are rapidly turned over in the body 
and need to be constantly replenished. 
 
Vitamin E is an antioxidant which dissolves in our body’s fats and oils. Any radicals 
formed in the fats will react with vitamin E to form a vitamin E radical. This 
vitamin E radical lacks the energy to cause any further damage but will react with 
vitamin C in the blood to regenerate the vitamin E. The breakdown product of 
vitamin C is then removed by the kidneys. In this way radicals formed in fats are 
removed from the body by transfer to vitamin E then to vitamin C and out through the 
kidneys as urine. Vitamin C also reacts with a number of water soluble radicals formed in 
the blood.  
 
Flavonoids are another antioxidant which may be of great importance to our health. 
Flavonoids are ring shaped compounds found in most plant tissues and usually have a 
reddish color. They are compounds that give red wine its color and possibly its beneficial 
health effects. It has been suggested by many scientists that one of the beneficial effects 
of eating fresh fruit and vegetables may be the intake of the flavonoids antioxidants but 
this is just one of many such products in plants and vegetables. Commercial interest in 
these compounds as dietary supplements has made them the focus of a considerable 
amount of research both here and overseas. Thus far, results with antioxidants have 
been very disappointing and have failed in the major studies to prevent or curtail 
cancer and heart disease. 
 
Scientists cannot measure these radicals directly but must look for the damage they cause 
as an indication they are present. Unfortunately, free radical reactions are at best 
described as being messy. The hydroxyl radical can form over a hundred different 
products when it reacts with a protein. The situation is even more complex with fats. 
Many of the products of free radical damage to fats are unstable and break down into 
even more complex compounds. The measurement of one of these compounds in the 
blood does not always mean that body is being damaged permanently as the body may 
be dealing with the damage successfully by removing it. To make the task more 
complex, diseases such as heart disease develop very slowly, over many years, at rates 
impractical to model in the test tube. 
 
3.9.5 Disease and Decreased Oxygen Availability 
 
Curiously, the major diseases occur at a time during aging when O2 levels have 
dropped.  I believe that this is much more than coincidence and that it is a causal 
relationship. Cancer, atherosclerosis, arthritis, stroke, Alzheimer’s, cataracts and 

Page 244 of 931 



diabetes all occur with increasing frequency as O2 availability becomes deficient.  I 
believe that this O2 deficiency leads to an EMOD deficiency state, which “allows” 
for the manifestation of these diseases.   
 
Thus, a lack of oxygenation leads to a lack of oxidation, which leads to disease 
manifestation. 
Further, it is believed that SOD decreases in the 3rd and 4th decades of life and this 
decrease is associated with the major diseases.  However, I believe that it is the lack of 
H2O2 generated by the SOD, which is responsible for the “allowance” of these major 
diseases.  
 
Dr. Charles Farr, a pioneer in peroxide therapy, used to say that, “hydrogen peroxide 
therapy is an effort to deliver oxygen for the purpose of oxygenation, not oxidation.” I 
believe that the whole purpose of oxidative therapy should be for the delivery of 
EMODs and for increasing the prooxidant status of the body. 
 
Cells are equipped to varying degrees with internal mechanisms to deal with the 
oxidative effects produced by internal “leaks” of oxygen and it radicals.  Remember, that 
I do not consider the generation of EMODs as a mistaken leak or accidental spillage 
but as a “purposeful productive pathway” for the production of EMODs.  The 
antioxidant enzymes, such as catalase, superoxide dismutase and glutathione peroxidase 
represent means to neutralize excess amounts of EMODs and there are other reparative 
enzyme systems to correct the oxidative effects of EMODs.  
 
Curiously, man does not synthesize the many antioxidants that are available to the 
plant world, such as the carotenoids, tocopherols, polyphenolics, vitamin C, 
lycopenes, and the flavonoids.   
 
If they are so important, I ask, “Why not?”  Is this another super screw-up of mother-
nature?  If you are an oxy-moron, you must surely think that it is.  Some 2.5 billion years 
following the introduction of oxygen into the environment by the utilization of sunlight 
by blue-green algae, the body should be making these antioxidants by the pound, such 
that it could protect itself for this alleged most-damaging and critical toxin, oxygen.  
The appearance of oxygen allowed evolving organisms the use of a highly efficient 
system in deliverance of more energy for less food.  Over 80-90% of O2 that living 
organisms breathe is used in the mitochondria to generate ATP, the universal cellular 
energy currency.   
 
The “essential poison” paradox is not limited to oxygen but also includes glucose 
and iron.  Glucose is a vital metabolic fuel for the brain, nervous system and red blood 
cells, but prolonged hyperglycemia causes widespread tissue damage, as in diabetes and 
can result in the excessive production of RONS.   Excess levels of free iron can 
reportedly result in excessive generation of the hydroxyl radical in the presence of H2O2.  
I do not believe that any one of these (glucose, iron or oxygen) is an essential poison.  
This is more nonscience/nonsense. They are vital for survival. Basically, anything in 
extremes of excess can serve as a poison. 
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3.9.6 Excess Dietary Iron  

Hydrogen peroxide can react with iron II or copper I to generate the hydroxyl radical, a 
reaction first describe by Fenton in 1894, 110 years ago.  It is said that the hydroxyl 
radical, or a closely related species, is probably the final mediator of most free 
radical induced tissue damage (Stohs, S. and Bagchi D. Oxidative mechanisms in the 
toxicity of metal ions.  Free Radic Biol Med (1995), 18: 321-336).   

Superoxide and hydrogen peroxide can react together directly to produce the hydroxyl 
radical, known as the Haber-Weiss reaction, but the rate constant for this reaction in 
aqueous solution is virtually zero. 

There are many automatic mechanisms in the body that help to control iron, many by 
chelation, with compounds which bind to a toxic substance (such as iron) and render it 
nontoxic or nonactive.  Albumin acts as a chelator by loosely binding to iron.  Ferritin, 
produced in the liver, is another iron-binding protein.  The liver produces lactoferrin, 
another iron chelator, when challenged by infectious agents.  This is important because 
pathogenic organisms such as viruses, bacteria and fungi require iron for growth.  
As iron stores increase, the gastric absorption of iron decreases and the body employs 
numerous mechanisms, to control iron, that are activated when threatened by disease.  
However, these systems can be overwhelmed. 

3.9.7 Oxy-Morons, Read the Following Very Carefully!   

Under most circumstances iron remains tightly bound to one of several proteins, 
including transferrin, lactoferrin, heme proteins, ferritin, or hemosiderin.  Redox 
reactive iron can be measured using the bleomycin iron assay, but it remains unclear to 
what extent iron detected by this assay correlates with any discrete anatomical or 
physiological pool.  In normal circumstances, no Bleomycin reactive iron is detectable 
in plasma from healthy subjects, implying that transferrin or ferritin bound iron is not 
available to drive hydroxyl radical production.  However, transferrin will release its 
iron at an acidic pH, especially in the presence of small molecular weight chelating 
agents such as ADP, ATP and citrate.  Such conditions are found in areas of active 
inflammation and during ischemia reperfusion injury.  Iron is released from ferritin by 
reducing agents including ascorbate and superoxide itself, and hydrogen peroxide 
can release iron from a range of heme proteins (Benatti, U., Morelli, A. and Guida, L, 
et al. The production of activated oxygen species by an interaction of methemoglobin 
with ascorbate. Biochem Biophys Res Commun (1983) 111: 980-987).  Thus, I believe 
that under normal conditions there is a minimal possibility for the Fenton reaction 
to occur, let alone cause disease.  It is more so an event which occurs after disease has 
appeared and is a result of disease and not a cause. 

High-meat intake in Western countries has been associated with excess iron stores. In 
fact, one study found that 91% of the older American population had an iron intake that 
was higher than recommended. It is not clear if this possesses any significant danger or 
not. Although a 2000 study found no higher risk for heart disease in Caucasian males 
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with high iron stores, more research is needed to see if these results can be confirmed, 
especially in women and other population groups. 

A long-term 2000 study reported that 11- to 15-year old children who had been severely 
iron-deficient during their infant years scored lower than normal children in all 
subjects, but particularly in written expression. They also tended to have more 
behavioral, general health, and emotional problems. Another study reported that teenage 
girls with iron deficiency, even without anemia, may have temporary memory and 
concentration loss. 

I believe that the facts related to iron levels argues for the presence of iron and for the 
generation of hydroxyl radicals, which can interact to yield H2O2. 

All of the facts relating to anemia and decreased levels of iron are consistent with 
my Unified Theory, in that decreased levels of oxygen, which ultimately reach the 
cell, lead to deficient states of EMODs and allow for the manifestation of cancer and 
vascular disease. 
 
Free radicals vary in reactivity from harmless to violent and each oxygen free radical has 
its own reaction specificities.  Some authors say that singlet oxygen is a highly reactive 
beneficial radical (although it is not a radical) that acts as a scavenger of other 
harmful free radicals and this is consistent with my way of thinking.  The singlet 
oxygen combines with them to render them harmless or to activate a beneficial enzymatic 
pathway and thereby protect the cell from damage.   
 
3.9.8 10.1  The “Free Radi-Crap” Theory of Aging and Oxidative Stress 
 
In spite of the promotion and predominance of “tabloid science,” I will do my best to set 
the record straight. 
 
The prevailing prejudice against reactive oxygen species (EMODs) is manifestly 
illustrated in the November 2003 issue of Readers Digest.  In quoting Dr. Bruce 
Ames, a highly respected biochemist at University of California at Berkley, he 
states, “free radical oxidation doesn’t just rise with aging--it causes it.  The more 
that mitochondria ‘leak’ free radicals (i.e., oxygen radicals) the more those radicals 
end up damaging the mitochondria, which in turn leak even more free radicals.”  In 
bold print, the article states, “The ultimate irony:  The thing we need most to live--
oxygen--is what’s killing us.”   
 
Statements such as this, which appear in both the lay press and in scientific 
publications, point out the currently accepted dogma which states that oxygen and 
its radicals are highly toxic, even lethal.   I believe that the overall data shows that 
they are wrong.  I believe that these EMODs are primarily “protective 
prooxidants.”  Further, I believe that they are of low toxicity, considering the fact 
that all of our aerobic cells are continually bathed throughout our entire lifetimes in 
steady state levels of EMODs.  
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3.9.9 The Flaw in the Free Radi-Crap Theory (My Gasoline-Oxygen Analogy) 
 
Harman and Ames believe that the primary energy source of the body, oxygen, is 
responsible for over 100 diseases (some authors are now saying 200 diseases) and for 
aging.  In my opinion, this is analogous to saying that the gasoline, being burned by a 
vehicle is responsible for cracked windshields, worn tires, broken belts, dents in the 
body and crashes which total out the vehicle.  Both man and the automobile engine are 
internal combustion engines.  Man uses oxygen and glucose as fuel to produce energy 
and the automobile uses oxygen and gasoline for the same purpose.  Although it may be 
true that many of these things would not happen, if the vehicle had no power source but 
unfortunately, it would also preclude the primary purpose and function of the vehicle, 
which is transportation.   
 
Obviously, without oxygen, man would not develop diseases or age but 
unfortunately, he would be dead.   
 
They say that oxygen can react with proteins, lipids and nucleic acids.  Similarly, it is like 
saying that gasoline can react with rubber, metal, oil, paint, and fabric and have damaging 
consequences, but under normal circumstances, that does not happen because gasoline is 
confined to specific areas (gas tank, gas line, carburetor, fuel pump, etc.), just as oxygen 
and EMODs are compartmentalized within the cell.  However, we could create an 
artifactual, in vivo situation and artificially force each of these damaging effects into 
becoming a reality.   
 
 It appears to me that the body has adapted (over million of years) to its advantage, 
the “leak” of electrons in the electron transport chain, by converting them to the 
superoxide anion and thus, to hydrogen peroxide; although I also believe that this is 
a purposeful design of nature and not a mistake or a leak (the RSVP pathway 
refereed to in Vol I, UTOPIA).  This is analogous to the use of a turbo charger, to take 
advantage of the exhaust gases of internal combustion engines, to improve the function of 
the engine, in which a leaking, waste product is used to a great advantage. Ergo, the 
perceived waste product is not a waste product at all but is instead a product to increase 
the overall efficiency of the engine or organism. 
 
10.3.1 EMODs, ADP Availability and Sleep 
 
I predict that sleep is a time of a relative increase in EMODs, which are produced to 
cleanse and refurbish the body.  This sleep time, when the basal metabolic rate is at its 
lowest, oxygen utilization is at its lowest and glucose oxidative phosphorylation is at its 
lowest, will be found to be a time of relative RONS excess.  It could also be triggering 
the hypoxia-reperfusion response.  Sleep could be a time of relative hypoxia and could 
produce a pseudo-hypoxia-ischemia reaction and generate more EMODs than it normally 
does.  Thus, I believe that insomnia or sleep deprivation will be a risk factor for 
cancer, arteriosclerosis, diabetes, arthritis and cataracts.  It has been stated that a 
high proton mitochondrial matrix yields more EMODs, as occurs in times of low ADP 
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availability or during sleep (see Howes’ UTOPIA, 1st Ed. 10.3.1).   
 
Women who work at night and those who are up frequently during the early hours 
of the morning may be at increased risk for developing breast cancer.  This was 
thought to be linked to decreased levels of melatonin and increased levels of estrogen.  If 
this were the case, then melatonin supplementation should correct this situation, but 
it does not do so.  Researchers from Harvard Medical School also examined the 
relationship between breast cancer and working night shifts in more than 78,000 nurses.  
Women who worked between 1 and 29 years on a rotating night-shift schedule had an 8% 
increase in breast cancer risk, while women who worked 30 or more years on the night 
shift showed a 36% increase in their risk of developing breast cancer (Journal of the 
National Cancer Institute. October 17, 2001;1513-1515, 1557-1568).  Working the 
graveyard shift upped a woman’s risk of developing breast cancer by 60%.  I would 
interpret this to mean that by having less relative high levels of RONS, which I 
believe are associated with sleep, one increases their chances of “allowing” the 
manifestation of neoplasia. 
 
According to Dr. Mercola (www.mercola.com), we all need about 9 hours of sleep and 
this is the average amount of sleep that we had about 100 years ago in the winter, prior to 
the widespread use of artificial lights and the introduction of daylight savings time.  I 
assume that he is saying that women had less breast cancer at those times but their life 
span was much shorter.  Evidence is accumulating for an association between 
exposure to light at night and breast cancer risk.   
 
Investigators have found that totally blind women had a 36% lower risk of breast 
cancer compared with sighted women.  Women who became blind early in life (before 
age 65) appeared to be especially protected against breast cancer, with incidence rates 
49% below those of sighted women (British Journal of Cancer. March 2001; 84:397-
399).  Only total blindness, not visual impairment, seemed to protect against breast 
cancer.  Blind women are by definition unreceptive to light, however, and may maintain 
high melatonin production at night regardless of external light conditions.  Kliukiene’s 
team believes this may be the mechanism whereby blind women are protected from 
breast cancer.  I believe that it is due to relative-increased levels of EMODs, due to the 
prooxidant activity of melatonin.  Further, it has been shown that melatonin is not a very 
good antioxidant. 

The 1999 PNIRS Abstracts are published in Neuroimmunomodulation vol. 6, 1999. 
P2.54, Abstract #81. Non-receptor-mediated Mechanisms of Action of Melatonin in 
Immune Cells (II): Influence of Melatonin on Redox Regulation in Lymphocytes. A. 
Wölfler, P. Abuja, H.C. Caluba, G. Dohr, K. Schauenstein and P.M. Liebmann 

Reactive oxygen species (ROS) are known to influence a variety of biologic processes 
and to constitute a major signal for apoptosis in lymphocytes. Melatonin (MEL), the 
main hormone of the pineal gland, has been claimed to exhibit distinct antioxidant 
features in vitro as well as in vivo and therefore has been considered to exert its 
physiological effects partly via influencing the cellular redox status. In view of described 
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immuno-protective as well as immuno-modulating effects of MEL, we were interested 
whether its reported anti-oxidant features are involved. 

In human peripheral blood lymphocytes (PBL) micro- to millimolar concentrations of 
MEL exhibited antioxidant properties against t-butylated-hydroperoxide- (t-BHP) and 
diamide-induced ROS-formation, and subsequently decreased the percentage of cells 
undergoing ROS-induced apoptosis. But in comparison to its immediate precursor N-
acetylserotonin and to the well established antioxidant trolox its antioxidant capacity was 
rather low. 

In contrast to PBL, in resting Jurkat cells, a human leukemic T-cell line widely used for 
studying signaling events in lymphocytes, MEL even exhibited prooxidant activity, as 
was shown by intracellular oxidation of ROS-sensitive fluorescent dyes, while NAS and 
TX exerted antioxidant properties. Enhanced ROS formation by MEL was accompanied 
by a promotion of anti-fas- and ROS-induced cell death in this human leukemic cell line. 
These results indicate that the antioxidant capacity of MEL is limited and that 
under certain conditions MEL may acts as a prooxidant on the cellular level. 
Therefore, the suggestion MEL being an essential element of the cellular antioxidant 
defense system has to be questioned, and the mechanisms of MEL affecting the 
intracellular redox state need further investigation. Supported by the Austrian Science 
Foundation (P9925-MED and P12679-MED). 

However, a study by D. C. Mathangi, indicated that REM sleep deprivation resulted in 
increase in lipid peroxidation and significant decrease in the levels of the 
antioxidant enzymes SOD, CAT and also GSH and GPx in all the brain regions 
studied.  These changes were also time dependent.  All these changes revert back to 
baseline value gradually by 24 hours of restorative sleep. This study showed REM sleep 
deprivation (24h - 96h) results in oxidative stress, which is reversible, but it also showed 
that REM deprivation also apparently led to increased oxidative stress because of 
the increase in lipid peroxidation.  This may indicate that REM sleep has increased 
levels of SOD, which would in turn, generate more H2O2.  The basic data is confusing. 

3.9.11 Levels of Plasma Antioxidant Enzymes During Sleep 
 
Some of the following material was excerpted, abstracted or modified from: (R. Singh, 
Circadian periodicity of plasma lipid peroxides and antioxidant enzymes in pulmonary 
tuberculosis.  Indian Journal of Clinical Biochemistry, 2004, 19 (1) 14-20). 
 

The circadian periodicity of plasma lipid peroxide levels and activities of superoxide 
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) were studied in 50 
clinically, bacteriologically and radiologically proven fresh cases of pulmonary 
tuberculosis (age: 21-45 years) and 60 age-matched healthy volunteers with diurnal 
activity from 06:00 to about 22:00 and nocturnal rest. A marked circadian variation in 
plasma lipid peroxide level was recorded in healthy subjects and pulmonary tuberculosis 
patients with significant amplitude and acrophase around 16:21 and 17:12 respectively. 
The acrophase tended to be delayed in tuberculosis patients. Furthermore, a statistically 
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significant circadian rhythm was found in SOD, CAT and GPx activities in normal 
volunteers and pulmonary tuberculosis patients. SOD and CAT enzyme activity was 
noted to be maximum at 06:00 and minimum at 00:00 in tuberculosis patients. The 
circadian acrophase for GPx activity was recorded at 16:15 in normals and around 22:45 
in patients. Moreover, the activity was found to be decreased at all sampling hours 
during 24-hours sleep-awake period in patients in comparison to healthy 
counterparts. The MESOR and circadian amplitude also decreased markedly. The 
decreased activity of measured antioxidant enzymes in pulmonary tuberculosis 
patients could probably be associated with oxidative stress and/or decreased anti-
oxidant defensive mechanism in such patients. 
 
Tuberculosis has emerged as the leading cause of death from a single infectious 
agent in the world. India has nearly 30% of the global burden of tuberculosis.  With an 
estimated incidence or new smear positive tuberculosis of 85 per 10,000 populations, 
there are nearly 1 million new smear-positive cases of tuberculosis a year and about 2 
million total new cases. 
 
Oxidative stress associated with inflammation has been implicated in the development of 
lung dysfunction in patients with tuberculosis. Plit et al. (Plit, M.L., Theron, A.J., Fickl, ., 
Van Rensburg, C.E.J., Pendel, S. and Anderson, R. (1998) Influence of antimicrobial 
chemotherapy and smoking status on the plasma concentrations of vitamin C, vitamin E, 
b-Carotene, acute phase reactants, iron and lipid peroxide in patients with pulmonary 
tuberculosis. Intern. J. Tuberc. Lung Dis. 2: 590-596.) have reported elevated 
circulating lipid peroxides and decreased plasma concentration of vitamin E 
suggesting a high level oxidative stress in patients with pulmonary tuberculosis. A 
circadian rhythm has been well established for most laboratory variables in western 
population (Halberg, F. (1969) Chronobiology. Ann. Rev. Physiol. 31: 675-725.) 
(Halberg, F. (1983) Quo vadis basic and clinical chronobiology: promise for health 
maintenance. Amer. J. Anat. 168: 543-594.) (Halberg, F., Cornelissen, G. and Bakken, E. 
(1990) Caregiving merged with chronobiologic outcome assessment, research and 
education in health maintenance organizations. Progress in Clinical and Biological 
Research 341B: 491-549.). 
 
A marked circadian variation in plasma MDA level was recorded in healthy Indians 
and pulmonary tuberculosis patients with significant amplitude and acrophase around 
16:21 and 17:12 respectively. The present observations regarding circadian nature of 
plasma MDA levels in healthy volunteers were in agreement with other reports 
(Bridges, A.B., Scott, N.A., McNeill, G.P., Pringle, T.H. and Belch, J.J. (1992) 
Circardian variation of white blood cell aggregation and free radical indices in men with 
ischemic heart disease. Eur. Heart J. 13: 1632-1636.) (Luo, H., Guo, H., Xiao, J. and Xue, 
Z. (1997) Circadian variations of plasma SOD and MDA in healthy subjects [article in 
Chinese] Hua, Hsiko Ta Hsuch Pao; 28: 401-403.) (Singh, R. (2001) Biochemical studies 
with chronobiological approach on the role of free radical oxidants and antioxidants in 
the etiopathogenesis of pathological disorders. Ph.D. Thesis, Chhatrapati Shahuji 
Maharaj Kanpur University, Kanpur). 
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Plasma lipid peroxide levels in terms of MDA concentrations were normal in the 
present study.  Copper and Zinc containing SOD, manganese containing SOD, CAT and 
GPx form the primary enzymatic defense against reactive oxygen metabolites.  GPx 
activity was found to be decreased at all sampling hours in patients in comparison to 
healthy subjects and could be the important factor for the etiopathogenesis of the 
disease. However, plasma lipid peroxide levels in terms of MDA concentrations were 
normal in the present study. 
 
I believe that the above sleep/antioxidant enzyme data can be interpreted as follows:  
During sleep, we need relatively high levels of EMODs to kill pre-neoplastic cells, to 
kill pathogenic organisms and to maintain a state of health and homeostasis.  This 
study shows that antioxidant enzymes are highest at 6:00 and lowest at 0:00, thus, 
EMODs are higher at midnight during the middle of the average sleep cycle.  
Perhaps, this does, indeed, explain the need for sleep. 
 
 
4.0 Sleep Biochemistry 
 
 

“Beyond mysticism, beyond blind faith,  
lies the universal reality, the reality of chaos intermixed with order,  
the reality of being, the reality of knowing and the reality of living.   

For there is the realm of the Guiding Hand,  
which allows death to masquerade as an end, 
which permits matter to pretend to be energy,  

which requires the yin to embrace the yang 
and which empowers the rapture and the joy of it all.  

It is that which defines all parameters of the ultimate truth. 
Know it.  Accept it.  Love it, 

for there is 
 nothing else.” 

R. M. Howes, M.D., Ph.D. 
1-13-05 

 
 
 
 
World record, time without sleep = 264 hours (11 days) by Randy Gardner in 1965.  In 
Biopsychology (by J.P.J. Pinel, Boston: Allyn and Bacon, 2000, p. 322), the record for 
time awake is attributed to Mrs. Maureen Weston. She apparently spent 449 hours [18 
days, 17 hours] awake in a rocking chair. The Guinness Book of World Records [1990] 
has the record belonging to Robert McDonald who spent 453 hours, 40 min in a 
rocking chair. 
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Some of the following materials were excerpted, abstracted or modified from:  Alex 
Bäcker, alex@caltech.edu 

• It is one of the greatest standing mysteries of life: We spend 1/3rd of our life 
sleeping and still don’t know what for.  

• People who cannot sleep die.  

Sleep is necessary: 

o Rats die after ~17 days of total sleep deprivation (TSD, Rechtschafffen 
experiments).  

o Main symptoms are temperature drop & skin lesions. 

o Keeping warm does not ameliorate sleep deprivation symptoms in rats 
(Shaw & Rechtschaffen, 1997): (SWS, slow wave sleep) 

Rats that can regulate ambient temperature upregulate it to 9 deg C above 
baseline during total sleep deprivation (TSD).  

o REM sleep deprivation in rats leads to death after about 37 days, with 
symptoms similar to TSD (Kushida et al, 1989). 

o Fatal familial insomnia 

A 53-year old industrial manager consulted the clinician Elio Lugaresi 
about his increasing difficulty in falling asleep. A few months later, 
insomnia was almost total and dreamlike episodes were intermixed in the 
waking period. He died nine months after the onset of the symptoms. His 
father and two sisters died in the same manner! (Luagersi E. et al, 
1998). 

4.0.1 Sleep is Universal, By the Brain and For the Brain 

o All mammals and birds sleep. Insects appear to sleep too, as demonstrated 
by rest homeostasis, decreased responsiveness, pharmacology & brain 
gene expression patterns (Shaw, … & Tononi '00, Heindricks et al '00). 
Bees show circadian periodicity in locomotor activity with a period 
slightly less than 24 hrs. in the dark. 

o Sleeping & dreaming animals show characteristic brain activity.  
o Dolphins and other marine mammals, as well as migrating birds, show 

EEG sleep signs with one hemisphere at a time (Geier). 

4.0.2 Unihemispheric Sleep:  Even Animals, Who Cannot Afford to 
Rest, Sleep 
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4.0.3 Marine Mammals 

• Dolphins must emerge at surface to breathe and must therefore move 
permanently.  

• Drug-induced BSWS causes breathing halt. 
• Blind Indus dolphin sleeps 7 hs a day in bouts of several seconds (Pilleri, in 

Horne 1988).  
• Asymmetrical sleep predominated in Amazonian dolphin (49% of day out of 57% 

of day taken by total sleep) (Mukhametov, 1987).  
• Behaviorally indistinguishable from symmetrical sleep. No behavioral asymmetry 

noted in mammals (but see birds).  
• Sleep deprivation of one hemisphere leads to compensation during recovery of 

that hemisphere only (Supin et al, 1978; Oleksenko et al, 1992).  
• One report observed USWS in whales too (Serafetinides et al, 1972). 

Is sleep for temperature regulation? 

o All mammals and birds are homeothermic.  
o When devoid of a light-dark cycle, they sleep every ~25 hs or so and do it 

in good agreement with a body temperature cycle.  
o One of the first things to change after ~1 week of sleep deprivation in rats 

is an increase in food consumption and a drop in body temperature even as 
the rats attempt to keep themselves warmer. In humans, one of the first 
things to happen, even after a single night of sleep deprivation, is a 
subjective feeling of cold.  

o During dream sleep, there is no thermal regulation.  
o Most animals sleep at night, but not all of them do. 

But if sleep is for thermoregulation… 

• Why do insects sleep?  
• Why do sleep-deprived rats kept above normal temperature die?  
• Why would heating require sleep? 

Conclusion: Although temperature and sleep seem closely linked, this may be just due to 
a necessity of higher temperatures for activity and that of having sleep occur during 
inactivity. It appears improbable that the noxious effects of sleep deprivation are due to 
increased energy expenditure or even to temperature changes. 

4.0.4 Sleep for Energy Conservation 

• Smallest animals have the highest metabolic rate (i.e. energy consumption per kg 
body weight): a small shrew eats its body weight each day; an elephant eats 
1/20th of its own. Thus, small animals are a place to look for energy savings from 
sleep.   
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• Taylor et al, Duke (1970): Oxygen consumption increases linearly with 
running speed within each species analyzed, from mouse to dog. Thus, 
immobility does save energy.  

• Pearson, Harvard (1947): Oxygen consumption of mice decreases by over 50% by 
huddling.  

• Small mammals cannot show useful amounts of relaxed wakefulness. They spend 
most of their awake life moving. Perhaps sleep is the easiest way to immobilize 
them; in any case it seems to be the only way they have. Active sleep may be 
necessary to avoid long periods of no brain stimulation.  

• In cows and sheep, 10% and 13%, respectively, decrease in oxygen 
consumption from relaxed wakefulness to sleep. 9-12% in humans at 
thermoneutrality excluding the change due to circadian rhythm (Fraser et al., 
1989).  

• But exposed to Tamb of 21 deg C, the metabolic rate (MR) of naked white 
humans decreased by as much as 40% after sleep onset (Palca, Walker & 
Berger, 1986). Australian aborigines slept naked at temp. near freezing, and 
displayed MR decline (Hammel, … & Milan, 1959).   I believe that this could be 
causing a relative hypoxia, which is producing relative increased levels of 
EMODs 

• Small birds downregulate temperature during sleep more when fasted (Heller et 
al, 1989; Reinertsen et al, 1986; Berger et al, 1991), so sleep might be most useful 
w.r.t. energy savings when food supply is low. 

• Infants sleep much more than adults, mostly dream sleep. The fetus seems to 
spend all or most of its time in dream sleep.  (RMH Note:  Please remember 
that this is a time of rapid synthesis of neuronal connections at a rate of 3 
million/second.) 

• Birds, independently evolved from mammals, essentially only have dream sleep 
during early life.  

• Young flies also sleep more (Shaw, … & Tononi '00).  
• In babies and children, as well as in napping adults, dream sleep occurs at sleep 

onset. 

4.0.5 Sleep and Emotion 

• 64% of dreams are unpleasant; 18% were happy or exciting. 
• Penile erections accompany virtually every REM period, regardless of dream 

content.  This must be related to increased nitric oxide levels and RONS 
levels. 

• The amygdala (involved in processing of emotion) is activated in humans during 
sleep (fMRI). 

What's the substance accumulated during wakefulness? Adenosine is one. (Porkka-
Heiskanen et al. (1997). 
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4.0.6 Meditation and Oxygen Consumption 
 
Dr. Herbert Benson of Harvard Medical School was one of the first to make a long study 
of meditation. The following quotation comes from his best-selling The Relaxation 
Response (Morrow, 1975) about his studies on TM and later on the method he devised, 
called Relaxation Response. 

The experiments showed that during meditation there was a marked 
decrease in the body’s oxygen consumption… The major physiologic 
change associated with meditation is a decrease in the rate of metabolism. 
Such a state of decreased metabolism, called hypometabolism, is a restful 
state. Like sleep, another hypometabolic state, meditation causes bodily 
energy resources to be taxed less... There are differences in the rate of 
oxygen-consumption which decrease during sleep and meditation. 
During sleep, oxygen consumption decreases slowly and progressively, 
until after four or five hours it is about 8 percent lower than during 
wakefulness. During meditation, however, the decrease averages between 
10 and 20 percent and occurs during the first three minutes of meditation. 
It is not possible for a person to bring about such decreases by other 
means. For example, if you hold your breath, your tissues will continue to 
utilize the available oxygen at the same rate and there will be no change in 
the amount of oxygen you consume…Another physiologic difference 
between meditation and sleep has been documented with the 
electroencephalogram. Alpha waves, slow brain waves, increase in 
intensity and frequency during the practice of meditation but are not 
commonly found in sleep…Other brain-wave patterns during meditation 
are also distinctly different from those during sleep…Meditation is 
therefore not a form of sleep; nor can it be used as a substitute for sleep. 
[p.62-64] 

 Benson’s original work has held up well. In 1996 Murphy and Donovan reported:  

Some forty studies have shown that…oxygen consumption is reduced 
during meditation (in some cases up to 55%), that carbon dioxide 
elimination is reduced (in some cases up to 50%), that respiration rate is 
lessened (in some cases to one breath per minute when twelve to 
fourteen breaths per minute are normal), and that minute volume is 
also lowered……Such quieting of the organism, however, happens for the 
most part in quiet meditation of the TM or zazen type, not in active, 
high-arousal practices such as Ananda Marga Yoga.  pp. 69-70 [They 
cite 45 studies between 1957 and 1991] 

 

A previous graduate student of Dr. Benson, Dharma Singh Khalsa, M.D summarizes 

biochemical effects of meditation: 
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Meditation is the only activity that reduces blood lactate, a marker of 
stress and anxiety. The calming hormones melatonin and serotonin are 
increased by meditation, and the stress hormone cortisol is decreased. 
Meditators secrete more of the youth-related hormone DHEA as they age 
than nonmeditators. Meditating forty-five-year-old males have an average 
of 23 percent more DHEA than nonmeditators, and meditating females 
have an average of 47 percent more. This helps decrease stress, heighten 
memory, preserve sexual function, and control weight. 

[Meditation as Medicine, p. 8, Pocket Books, 2001] 
 

 Dr. Khalsa’s vision regarding the physiological interior of meditation is unusually rich. 
We will take the following quotation as our closing. This almost amusingly entwined 
description of the interactive flowing of impulses and juices may be too much to grasp 
and may leave a “medicine-y” taste in the mouth. But it makes our point—nature is up to 
something when we meditate. 

It has long been recognized that a person’s cognitive and emotional 
processes have a profound impact upon health. For the most part, this 
impact is mediated via the endocrine system. When you meditate, your 
rational thought processes, housed in your cortex, begin a quiet dialogue 
with your brain’s emotional centers, the hippocampus and amygdala, both 
of which are in your limbic system. When your cortex and limbic system 
agree that it is appropriate to relax, they relay the message to the 
hypothalamus, which connects the brain to the endocrine system. This 
releases a flood of calming neurotransmitters and hormones, which soothe 
the entire body. The immune system then secretes its own molecules of 
information, some of which return to the brain, helping to complete 
this circuitry of healing. You shift into a relaxed alpha brain wave 
pattern, and your nervous system is dominated by the inhibitory 
parasympathetic branch. When the parasympathetic nervous system is 
favored, you send relatively more nerve signals to your organs and glands 
of immunity, such as your thymus. As this occurs, you reach the ideal 
condition for healing—what mystics call the sacred space.  [Meditation 
as Medicine, p.30]  

 
"Brain is characterized by high metabolic activity and exhibits two to three times 
the transcriptional activity of other tissues." (J. Neurochemistry 1991; 56: 812).   
 
"There is growing clinical and experimental evidence that 
dehydroepiandrosterone (DHEA)... plays an important regulatory role in 
intermediary metabolism by inhibiting the storage of dietary energy as fat." (J. 
Nutrition 1987; 117: 1287).  

   
"These findings indicate that mitochondrial respiration is the earliest factor 
affected by DHEA and may be associated with protein synthesis." (J. Nutrition 
1991; 121: 240)  
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Since oxygen (O2) consumption is a direct measurement of mitochondrial 
respiration, oxygen consumption should be highest in REM sleep and increase as 
DHEA increases during the night. That is, SWS decreases as sleep progresses through the 
night; DHEA rises as SWS decreases. Therefore, oxygen consumption, during sleep, 
should be highest during REM sleep and increase during the night.  Keep in mind 
that DHEA is considered to be an antioxidant. 

"In both feeding modalities O2 consumption was always highest in REM sleep, 
intermediate in stage 2 and lowest in SWS." (Physiology & Behavior 1991; 49: 
1159).  

Evidence suggests that sleep patterns are related to mental retardation 

REM sleep, in which we spend 30% of our sleep time, has an increase in oxygen 
consumption, a decrease in respiratory efforts, an almost complete loss in muscle tone, 
an EEG almost indistinguishable for the awakened state and an increase in eye muscular 
activity. 
 
4.1 Decreased O2 Consumption Without Hypoxia-Reperfusion Injury 

Portions of the following were excerpted, abstracted or modified from an article by:  Dr 
Bill Milsom, who is a Professor in the Zoology Department at the University of British 
Columbia, Vancouver, British Columbia, Canada, V6T 1Z4 Biologist, 47, 239-242, Nov. 
2000. 

During diving, hibernation and sleep, powerful inhibitory inputs act to produce breath 
holding and are periodically lifted to allow the expression of an intense drive to breathe.  
Many animals that do this also possess adaptations designed to prolong the periods to 
breath holding and shorten the periods of breathing. 

I ask, “Why do hibernating and diving species not suffer a disastrous ischemia-
reperfusion injury upon breathing normally?” 

4.1.1 Lung Function 

The most important function of the lung is gas exchange, those gases being oxygen 
and carbon dioxide.  The gas exchange surface is mainly composed of a single thin layer 
of squamous epithelial cells, the alveolar type I cells.  Interspersed among these are the 
larger cuboidal alveolar type II cells that produce the fluid layer that lines the alveoli.  A 
third cell type, the free-ranging phagocytic alveolar macrophage, is found in varying 
numbers in the extracellular lining of the alveolar surface.  These cells patrol the alveolar 
surface and they phagocytize inspired particulates such as bacteria, anthracotic pigment, 
and particulates in cigarette smoke.  The tight junctions between epithelial cells are 
organized so as to provide a high-resistance barrier to fluid movement from the 
interstitial to the alveolar space. 
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The alveolar epithelium is continuously exposed to both endogenously and 
exogenously derived sources of reactive oxygen and nitrogen species.  Thus, I ask 
that, “If these lung cells are constantly exposed to EMODs, then why doesn’t everyone 
get lung cancer or emphysema, if one is to give any credibility to the Free Radi-Crap 
theory?”  I believe that it is because the Free Radi-Crap theory is wrong.  These reactive 
species are formed as intermediates in mitochondrial electron transport systems and 
microsomal metabolism of endogenous compounds and xenobiotics, including drugs 
and environmental pollutants and various cytoplasmic sources.  In addition, 
neutrophils and other inflammatory cells generate and release reactive oxygen species via 
an NADPH-oxidase-dependent mechanism that is mediated by membrane receptor 
activation of protein kinase C and phospholipase C (Freeman, B.A. and Crapo, J.D.  
Biology of disease:  free radicals and tissue injury.  Lab Invest 1982; 47: 412-426).  It has 
been shown recently that overproduction of endogenous nitric oxide (.NO) by alveolar 
macrophages, epithelial, interstitial and endothelial cells, as well as by inhalation of  .NO, 
contributes to the alveolar epithelium’s oxidant burden by the production of reactive 
oxygen-nitrogen intermediates (Punjabi, C.J., Laskin, J.D., Pendino, K.J., Goller, N.L., 
Durham, S.K. and Laskin, D.L.  Production of nitric oxide by rate type II pneumocytes:  
increased expression of inducible nitric oxide synthase following inhalation of a 
pulmonary irritant.  Am J Respir Cell Mol Biol 1994; 11: 165-172).   

Evidence suggests that when stimulated with inflammatory agents, alveolar 
macrophages of lung epithelial cells of humans and rats produce O2

.- and .NO in 
vivo and in vitro and that these two species react very rapidly to form ONOO-, a potent 
oxidizing and nitrating species. 

The playful frolicking of seals and sea lions, the feeding dives of penguins, and the long 
distance migrations of many whales are activities that appear seemingly effortless to 
these animals, yet they challenge our concepts of energy metabolism. What 
physiological and biochemical processes enable diving birds and mammals to remain 
submerged, usually while exercising, for such lengths of time? They appear to defy the 
need to supply working tissues with oxygen to fuel their metabolism and to remove the 
carbon dioxide that is formed as a waste product. And many species can do this 
repeatedly. I believe that these examples can be of great observational value, as it relates 
to oxygen metabolism, especially re-perfusion biochemistry.  The northern elephant seal, 
for instance, will dive for periods of up to one hour, with surface intervals between dives 
of less than five minutes, for months on end. Curiously, when many of the seals return 
from sea, while sleeping on the beaches, they will again exhibit prolonged periods of 
breath holding despite the fact they have constant access to fresh air. 

There is one other instance where extreme breath holding is known to occur, at least in 
mammals, and that is during hibernation. Oddly enough, hibernation is considered to be 
an extension of sleep and species that partake of this winter escape may also forsake 
breathing for long periods. Incredibly, the European dormouse has been known to go 
for over two hours without breathing during deep hibernation.  
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During hibernation in Arctic ground squirrels (Spermophilus parryii), O2 consumption 
and plasma leukocyte counts decrease by >90%, whereas plasma concentrations of 
the antioxidant ascorbate increase fourfold. During rewarming, O2 consumption 
increases profoundly and plasma ascorbate and leukocyte counts return to normal. The 
increase in [urate]p during peak O2 consumption indicates increased production of ROS 
during arousal, yet hibernating mammals clearly tolerate periodic rewarming, suggesting 
that redox balance is indeed maintained. Reestablishment or maintenance of ascorbate 
levels at nonhibernating levels by the end of arousal may have an important role in this 
process (Ø. Toien, K. L. Drew, M. L. Chao, and M. E. Rice. Ascorbate dynamics and 
oxygen consumption during arousal from hibernation in Arctic ground squirrels. Am J 
Physiol Regulatory Integrative Comp Physiol281: R572–R583, 2001). Hibernation is a 
most unusual state and should serve as an excellent study model. 

The adaptations that permit such periods of breath holding are intriguing, all the more 
because they require that these animals over-ride the normal homeostatic processes that 
are the hall mark of physiological regulation in birds and mammals. Perhaps, the drive to 
breathe is the strongest of them all, along with the drive to maintain homeostasis.  
While most species hold respiratory gas levels highly constant in their blood and tissues, 
breath-holding animals allow levels to oscillate widely. 

4.1.2 Diving 
To begin with, the term ‘breath hold’ is used very loosely in this article. Here, it means a 
prolonged cessation of breathing. Many animals dive on exhalation with the lungs only 
partially full and the prolonged apneas (or cessation of breathing) seen in sleep and 
hibernation almost always occur following expiration. Thus, breath holding in this 
context does not imply the lungs are full, only that the breath, whatever its size, is 
withheld. 

While all diving birds and mammals are able to hold their breath for periods of time 
that would prove fatal to their more terrestrial relatives, there is tremendous variation 
in duration of natural dives between species, as well as in the mechanisms that are 
employed to extend dive times. For any given level of oxygen consumption, dive 
duration will be affected by such things as prey type, food availability, light levels (these 
affect food migration and the ability of the diving bird or mammal to detect the food), 
dive depth, mode of locomotion, buoyancy, efficiency of swimming, rate of descent and 
ascent, and the cost of transport. Reducing the costs associated with diving is a first step 
for accomplished divers. Ducks and mink, for instance are relatively buoyant and use 
webbed feet for generating thrust, a swimming mode that has a relatively high drag 
coefficient and is costly. Penguins and dolphins, on the other hand, are close to neutrally 
buoyant, use flippers or flukes as hydrofoils and have relatively low drag coefficients. 

Reducing other oxidative costs is the next step in extending dive times. There has been 
much written about physiological adjustments that may reduce the metabolic rate during 
diving and ration oxygen use for oxygen-sensitive tissues such as the heart and brain 
(the diving reflex). This is achieved by selectively constricting certain blood vessels 
causing a reduction in the flow of blood, and hence the delivery of oxygen, to all 
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parts of the body except those oxygen-sensitive tissues that can not function without 
it. Recent evidence also suggests that, in many species, the spleen acts as a reservoir 
storing excess red blood cells that carry oxygen, and it releases these cells into the 
circulation when needed. Along with the selective redistribution of blood flow, there is 
also a reduction in heart rate, since the total need for blood flow is reduced and this 
reduces the work of the heart. The reduced delivery of oxygen to the tissues in part leads 
to a reduction in their rates of metabolism. These tissues also begin to undergo anaerobic 
metabolism and lactic acid accumulates which has to be flushed out into the blood 
soon after the animal surfaces.  

While this reflex suite of events does indeed prolong dive times, it is not a strategy that 
can be employed repeatedly. This reflex, thus, is exhibited primarily by species that dive 
infrequently and can suspend various physiological processes temporarily. It is not used 
often by more accomplished divers, such as whales and dolphins, which only surface to 
breathe. All other physiological processes are carried out submerged at what must be 
defined as their normal metabolic rate. For these species, the ability to store a large 
quantity of oxygen, use it efficiently, and to buffer carbon dioxide accumulation are 
central to underwater survival. 

Many species dive on exhalation since buoyancy is a problem for animals diving near 
the surface, and the lungs collapse due to external forces in animals diving to depths. This 
means that the lungs cannot be used as a major site for oxygen storage. Oxygen is 
stored primarily in the blood bound to hemoglobin and in the muscle bound to 
myoglobin. Myoglobin levels can be extremely high in accomplished divers compared 
to terrestrial species. This makes the flesh of many marine species very dark red to 
almost black in appearance. Given that blood is a major storage site, body size is of 
great importance. Blood volume increases in proportion to body mass but larger animals 
have proportionately more inert tissue such as bone and fat, and proportionately less 
active tissue such as muscle. The net result is that the ability to store oxygen increases 
faster than the demand for oxygen as animals increase in size, which is a real benefit 
for extending dive times (Butler P. J. and Jones D. R. (1997) Physiology of diving in 
birds and mammals. Physiological Reviews, 77, 837 – 899). 

The ease with which hemoglobin binds to oxygen is enhanced in most diving birds 
and mammals so that the blood leaving the lungs still carries the maximal amount even 
under conditions when oxygen supplies are diminishing. And while the opposite side of 
this coin is also true, that the hemoglobin should release the oxygen to the needy tissues 
much less freely, the hemoglobin of accomplished divers is also sensitive to the 
presence of the CO2 produced in the tissues. This induces the hemoglobin to release its 
precious oxygen supply as it passes through the capillary beds. The ability of the blood to 
buffer the effect of CO2 accumulation on the pH or acidity of the blood and tissues is also 
increased in diving species.  

Finally, new data suggest that there is regional cooling or hypothermia in many tissues of 
animals during diving and this leads to a reduction of the metabolic rate in these tissues 
that will prolong dive duration. For instance, fish and marine invertebrates that are 
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ingested along with some seawater during feeding will act to cool the stomach and 
viscera, and reduce their oxygen demands.  

The regulation of the length of the breath hold or the dive duration can be in part 
volitional, but is largely reflex. Many different receptor groups interact to produce the 
final effect. Nasal and upper airway receptors help initiate the breath hold. Lung collapse 
and cessation of breathing help prolong it. Considerable behavioral and physiological 
evidence, however, suggests that ultimately, chemoreceptors in the brain and arterial 
blood vessels are important for controlling the length of breath holding, just as in 
terrestrial birds and mammals. The sensitivity to CO2 (lmin-1kPa-1) of diving birds and 
mammals is similar to that in terrestrial species, and all species are also sensitive to low 
oxygen levels although the response may be blunted in some. Given this, prolonged 
periods of breath holding must be associated with a powerful inhibitory input that 
over-rides the chemoreceptor drive that builds progressively throughout the dive.  

The chemical drive to breathe is fully exhibited when animals return to the surface and 
the inhibition is removed. The more accomplished divers exhibit adaptations that 
maximize gas exchange during breathing and reduce the surface interval. All species 
breathe vigorously on surfacing, although in some this may take the form of a few very 
large breaths, while in other species it may take the form of more-rapid smaller breaths. 
In many mammals, the chest is very compliant and the bronchi in the lungs are reinforced 
with cartilage bands. This allows the animal to take very large breaths (in some instances 
the breath may almost be as large as the entire lung volume) and to take it quickly. This 
maintains a high air-flow rate throughout the entire breath (our air flow during a breath 
decreases dramatically as our breath continues). Heart rate normally increases to deliver 
all blood to the lungs quickly, to release stored CO2, and to replenish both hemoglobin 
and myoglobin O2 stores. 

Arterial-blood gases range widely and are not homeostatically maintained during periods 
of repeated diving. Oxygen levels fall throughout the dive while CO2 levels build and 
these trends are reversed during the time spent breathing at the surface. Clearly blood 
gases play an important role in the control of breath holding but under these 
circumstances they are maintained throughout a homeostatic range, by the interplay of 
inhibitory and excitatory influences, rather than at a homeostatic level. 

I believe that the relative hypoxemia experienced during long dives, may trigger the 
ischemia-reperfusion production of RONS and help to prevent a deficiency state of 
EMODs.  Otherwise, this would be counter to my Unified Theory. 

4.1.3 Sleep 
Periods of breath holding or apnea have been reported during sleep in many species of 
mammal and in some instances they can be quite prodigious. This is particularly true of 
the marine mammals that we have just been discussing. Many diving mammals display 
both slow-wave sleep (SWS) and rapid-eye-movement (REM) sleep both on land and in 
water. In water, periods of REM sleep are usually reduced, to the extreme extent that 
REM sleep has never been observed in grey seals and bottle-nosed dolphins while 
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submerged. On land, where animals have constant access to fresh air, breath holding 
during sleep, but not wakefulness, has been reported for several species of seal with 
periods of breath holding in excess of 10 minutes. In the northern elephant seal, 
breathing never occurs during REM sleep (Castellini M. A., Milsom W. K., Berger R. 
J., Costa D. P. et al. (1994) Patterns of respiration and heart rate during wakefulness and 
sleep in elephant seal pups. American Journal of Physiology, 266, R863-R869). 

Once again, the prolonged periods of breath holding during sleep must be associated with 
a powerful inhibitory input, which over-rides the chemoreceptor drive that builds 
progressively throughout the breath-hold. The chemical drive to breathe is fully 
exhibited, however, when animals commence breathing. 

Interestingly, several species of marine mammals exhibit SWS in one brain hemisphere at 
a time. Uni-hemispheric sleep and lack of REM sleep in some species may be 
adaptations that allow animals to breathe and swim continuously during sleep. 

4.1.4 Hibernation 
Small hibernating mammals (and presumably birds) also possess remarkable breath-
holding abilities; the longest recorded periods being in the range of 130 minutes in a 
garden dormouse and 150 minutes in the European hedgehog. In many species, 
prolonged periods of apnea (5 to 45 minutes) occur regularly and alternate with brief 
periods of intense respiration (2 to 5 minutes) (Malan A. (1982) Respiration and acid-
base state in hibernation. In: Hibernation and torpor in mammals and birds. Lyman C. P., 
Willis J. S., Malan A. and Wang L. C. H. (Eds). New York: Academic Press. 237 – 282) 
(Milsom W. K. (1992) Control of breathing in hibernating mammals. Physiological 
adaptations in vertebrates. Lung Biology in Health and Disease, 56, 119 – 148). 

Clearly, the reduced body temperatures and metabolic rates that accompany hibernation 
account for much of this ability. There are data to suggest that some species may even be 
able to exchange gases without breathing. By simply keeping the glottis, or opening to 
the trachea or windpipe, open during the periods of breath holding, gas exchange can 
occur by simple diffusion along the open windpipe. While this would be too slow to be 
adequate in birds and mammals at normal body temperatures, it can greatly alleviate the 
need to breathe during hibernation when metabolism is so slow.  

The long periods of breath holding, during which levels of oxygen fall and CO2 rise, 
suggest that these animals tolerate wide swings in blood gas concentrations, just as in the 
diving birds and mammals. Despite this tolerance during the breath hold, during periods 
of breathing these species show a strong ventilatory response to reduced oxygen levels. 
This response does not occur until oxygen levels fall quite low, however, because of the 
enhanced ability of hemoglobin to bind to oxygen at low temperatures. Breathing only 
increases when the hemoglobin is no longer able to bind oxygen fully. The ventilatory 
responses of hibernating species to CO2 are also brisk. Thus, as in the case of diving 
animals, there seem to be separate blood gas thresholds for initiating and terminating 
breathing (i.e., blood gas and pH levels are, at best, regulated within a homeostatic range 
rather than at a constant level). In those species that breathe episodically, the prolonged 
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periods of apnea clearly indicate the presence of a powerful inhibition of breathing during 
the periods of apnea that is lifted to allow the expression of an intense drive during the 
breathing episodes.  

4.1.5 Conclusions 

Information suggests that changes associated with diving, as well as with sleep and 
hibernation, result in powerful inhibitory and excitatory inputs to the brain areas 
associated with the regulation of breathing being expressed in an alternating fashion. The 
net result produces periods of breath holding interspersed with periods of relatively 
intense breathing. While the benefits of this for diving animals are quite obvious, it is not 
so clear why it occurs in sleep and hibernation. The biological significance of breath 
holding under these circumstances still eludes us. This whole area upsets any 
preconceived notions relating to routine oxygen metabolism but it is fascinating and 
undoubtedly holds many undiscovered truths. 

4.1.6 Long Term Effects of Hypoxia (Exempting Hibernating and Diving Animals) 
 
One would assume that decreased levels of oxygen would be less damaging than standard 
levels.  Thus, I made a cursory examination of the literature and found that there were 
many harmful effects of hypoxia and I will list them here, without reference clutter.   
Studies on long term hypoxia have resulted in the following: 

• Long lasting memory and learning impairment 
• Decrease in volume and cell number of rat cerebral cortex 
• Altered levels of neurotransmitters (decreased) 
• Fetal neuro-developmental brain damage 
• Programming of neurotransmitter and receptor expression leading to behavioral 

defects 
• Hypometabolism during ontogenesis 
• Long lasting respiratory effects 
• Seizures and neuronal injury (epileptogenic changes) 
• Decreased wound healing 
• Decreased stamina 

4.1.7 UNDISPUTED Effects of Hypoxia on the Epithelium (Eye) 

Associated with hypoxia, the epithelium exhibits: 

• a significant increase in microcysts  
• abnormal metabolism that results in an acid shift in pH due to an accumulation in 

lactic acid and carbon dioxide   
• a reduction in cell synthesis due to enzyme shifts  
• reduced epithelial cell adhesion  
• increased binding of bacteria to cells  
• reduced apoptosis (or programmed cell death)  
• an increase in cell size   
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I believe that these factors could indicate a propensity to form cataracts from reduced 
levels of oxygen. 
 
Clearly, our bodies are readily damaged by oxygen deficits, especially during 
developmental stages. 
 
4.1.8 10  EMODs 
 
In plants, what I have referred to as RONS/excytomers and will refer to as EMODs are 
called reactive oxygen species (ROS), also known as active oxygen species (AOS), are 
associated with normal, physiological processes as well as with responses to adverse 
conditions.  
 
ROS are associated with stress in many ways:  
-as primary elicitors  
-as products and propagators of oxidative damage  
-or as signal molecules initiating defense or adaptation.  
 
The plant photosynthetic electron transport is a major site of oxidative stress by visible or 
ultraviolet light, high or low temperature, pollutants, or herbicides. ROS production can 
be presumed from detecting oxidatively damaged lipids, proteins, or pigments as well as 
from the alleviating effects of added antioxidants. On the other hand, measuring EMODs 
by special sensor molecules provides more direct information (Hideg E. Detection of free 
radicals and reactive oxygen species. Methods Mol Biol. 2004;274:249-60). 
 
4.2 10.3  Superoxide Radical 

4.2.0 SUPEROXIDE 

Triplet oxygen can also be transformed into a reactive state if it is accepts a single 
electron. This process of accepting an electron is called reduction, and in this case, is 
"monovalent" reduction because only one electron is involved. The molecule that gave up 
the electron is oxidized. The result of monovalent reduction of triplet oxygen is called 
superoxide, abbreviated O2

.-. Superoxide is a radical. It is usually shown with a negative 
sign, indicating that it carries a negative charge of -1 (due to the extra electron, e-, it 
gained). 

 

This reaction can also be ritten in this form:  w
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Superoxide can act both as an oxidant (by accepting electrons) or as a reductant (b
donating electrons). However, superoxide is not particularly reactive in biological 
systems and does not by itself cause much oxidative damage. It is a precursor to other 
oxidizing agents, including singlet oxygen, peroxynitrite, and other highly reactive 
molecules. However, superoxide is not all bad, in fact, it is necessary for healt
example, certain cells in the human body produce superoxide (and the reactive mole

y 

h. For 
cules 

derived from it) as an antibiotic "weapon" used to kill invading microorganisms. 

drogen peroxide and oxygen, a reaction known as "dismutation". Superoxide 
dismutation can be spontaneous or can be catalyzed by the enzyme superoxide dismutase 
("SOD"). 

Superoxide also acts as a signaling molecule needed to regulate cellular processes. 

Under biological conditions, the main reaction of superoxide is to react with itself to 
produce hy

 

Superoxide is also important in the production of the highly reactive hydroxyl radical 
(HO.) (discussed in more detail below). In this process, superoxide actually acts as a 
reducing agent, not as an oxidizing agent. This is because superoxide donates one 
electron to reduce the metal ions (ferric iron or Fe3+ in the example below) that act as the 
catalyst to convert hydrogen peroxide (H2O2) into the hydroxyl radical (HO.). 

 

The reduced metal (ferrous iron or Fe2+ in this example) then catalyzes the breaking of the 
oxygen-oxygen bond of hydrogen peroxide to produce a hydroxyl radical (HO.) and a 
hydroxide ion (HO-): 

 

Superoxide can react with the hydroxyl radical (HO.) to form singlet oxygen (1O2*) (not a 
radical but reactive nonetheless): 

 

Superoxide can also react with n
(OONO

itric oxide (NO.) (also a radical) to produce peroxynitrate 
e oxidizing molecule. -), another highly reactiv

 
 
4.2.1 10.4  Hydroxyl Radical 
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HYDROXYL RADICAL 

Although a liter of normal atmospheric air on a sunny day contains over one billion 
hydroxyl radicals (Walling, C. Forty Years of free radicals. In: Pryor, W.A., Ed. 

n at 
an it 

(HO.) and a hydroxide ion (HO-). The metal ion is required for the breaking of the 
s reaction is called the Fenton reaction, and was 

portant in biological systems because most 
h can catalyze this reaction. 

 

This reaction can also be written (with iron as the metal): 

Organic Free Radicals, Washington D.C.: American Chemical Society; 1978), oxyge
normal physiologic concentrations in living tissues neutralizes more free radicals th
produces. 

Hydrogen peroxide, in the presence of metal ions, is converted to a hydroxyl radical 

oxygen-oxygen bond of peroxide. Thi
discovered over a hundred years ago. It is im
cells have some level of iron, copper, or other metals whic

 

A hydroxyl radical can also react with superoxide to produce singlet oxygen and a 
hydroxide ion: 

 

Like hydrogen peroxide, the hydroxyl radical passes easily through membranes and 
cannot be kept out of cells. Hydroxyl radical damage is "diffusion rate-limited". Simply 
put, the rate at which hydroxyl radicals can damage other molecules is limited chiefly by 
how far and fast it can diffuse (travel) in the cell. This highly reactive radical can add to 
an organic (carbon-containing) substrate (represented by R below)-this could be for 
example a fatty acid-forming a hydroxylated adduct that is itself a radical. 

 

This adduct can be further oxidized (e. g. by metal ions or oxygen) by a one-electron 
transfer (monovalent reduction), resulting in a oxidized but stable product. In the first 

n case, the extra electron is transferred to the metal ion, and in the second case, to oxyge
(forming superoxide). 
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Two adduct radicals can also react with each other, forming a stable, cross linked-but 
oxidized-product, with water as a byproduct. 

cting an 

 

The hydroxyl radical can also oxidize the organic substrate by "stealing" or abstra
electron from it. 

 

The resulting oxidized substrate is again itself a radical, and can react with other 
molecules in a chain reaction. For example, it could react with ground-state oxygen to 
produce a peroxyl radical (ROO.). 

 

The peroxyl radical again is highly reactive, and can react with another organic substra
in a chain reaction. 

te 

 

This type of chain reaction is common in the oxidative damage of fatty acids and oth
lipids, and demonstrates why radicals such as the hydroxyl radical can cause so m

er 
uch 

more damage than one might have expected. 

Ds, 

occur 

oxidative damage, particularly at sites where sulfur-containing amino acids are found. 
NA can be oxidatively damaged at both the nucleic bases (the individual molecules that 

make up the genetic code) and at the sugars Oxidative damage of 
DNA results in degradati ands by oxidation of the 
sugar linkages, or cross-l age particularly 
difficult for the cell to re lity of repairing 
oxidative damage to pr utations or cell death. 

 

Please remember that just as happens with commercial preparations containing EMO
when the concentrations of EMODs get quite high, the free radicals collide with 
themselves and thus, terminate the chain reaction.  I believe that this same mechanism 
for control of free radical chain reactions, occurs in biological situations with a high 
frequency and it represents a self-control mechanisms for EMODs. 

Similar damage caused by hydroxyl radicals and other reactive oxygen species can 
in proteins and with nucleic acids (mainly DNA). Proteins are highly susceptible to 

D
that link the bases. 

on of the bases, breaking of the DNA str
inking of DNA to protein (a form of dam
pair). Although all cells have some capabi

oteins and DNA, excess damage can cause m
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“Dubbing something a therapy 

does not guarantee its non-toxicity. 
Far too frequently, ve to be lethal and  

cumulatively, they account for more deaths than all wars combined. 

the t, 

The co ures 

Adve  and 
full disclosure is becoming a distant and fading dream. 

As the drug industry breathes in more strengthening profits,  
its groping tentacles embrace more politicians, 
whilst its suckers sap out patient’s life forces. 

eed  
bal face of mankind and  

to asphyxiate any and all opposition.” 
R. M. Howes, M.D., Ph.D. 

 
 
 
4.2.2 10.9  S
 
 

with wh cesses  
and betwixt the b it convolutions;  

does not render it harmless and 
calling something else a medicine 

both pro

Healer, take heed that your so-called cures  
a   re not more deadly than

diseases you so proudly profess to trea
Mi .” ster Millennial Medicine Man

R. M. Howes, M.D., Ph.D. 
12/19/04 

 
 

“Legislating healthcare is more aptly called 
legislating wealth care. 

The pharmaceuticide-fox now owns  
the congressional hen house. 

nsumer FDA’s checks and balances now ass
Big Pharma fat checks and growing bottom-line balances. 

rse drug reactions can be held in secret

Uncontrolled powers and unbridled gr
scurry to cover and enwrap the glo

12/19/04 

inglet Oxygen (Excytomers) 

 
“The luminosity of the cellular soul is 

a reflection of singlet oxygen’s photon fire core, 
ich it will shed its light into the mind’s dark re

rain’s dimly-l
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thus, it spreads its warmth  
throughout th  of the body. 

The spirituality escence and its 
exothermicity is ensconced in its ubiquity. 

Frequently, the answers to life’s greatest mysteries 
have been cloaked right before our very eyes 

s but more importantly, 

R. M. Howes, M.D., Ph.D. 

Ground State:   O2 ( Σg ) 
olecular oxygen in its 3Σg

- ground state has triplet multiplicity but not singlet 
ming singlet 

 Wigner's spin selection 
ith 

ure but 

e in an 

g

The lowest excited singlet state of O2 lies by only 94 kJ mol-1 above the triplet ground 
er from 

den for the 

 

e entirety and interstices
of oxygen’s chemilumin

all the while. 
Oh, Blind One, open your eye

open your mind’s eye.” 

1/9/05 

 
 
Scientific names of ground sate oxygen and singlet: 
-Electrophilic, triplet, ground state dioxygen 
-Electronically excited, metastable, delta species, singlet molecular oxygen 

4.2.3 A Molecule with Triplet 3 -

M
multiplicity unlike most natural compounds. Chemical reactions for
molecules from triplet and singlet reactants are forbidden by
rule. Thus, the triplet multiplicity is the actual reason, why most reactions of oxygen w
organic substances, although being exergonic, do not proceed at room temperat
upon heating or in the presence of catalysts. It is said that reactions of organic 
compounds with oxygen are kinetically inhibited. This effect enables our lif
oxygen containing atmosphere.   
 

4.2.4 The First Excited State:  O2(1∆ ) Singlet Oxygen 

state. This 1∆g state is commonly populated by electronic energy transf
photoexcited sensitizers. The transition to the 3Σg

- ground state is strictly forbid
isolated O2 (1∆g) molecule. The forbiddances become weakened in collisions. 
Nevertheless, the O2 (1∆g) singlet oxygen is a metastable species even in the condensed 
phase. Because of its singlet multiplicity no spin-forbiddances exist for reactions of O2

( ∆1
g). Therefore, and due to its excitation energy of 94 kJ mol  singlet oxygen is 

chemically extraordinarily reactive.   

4.2.5 Chemistry of Singlet Oxygen and Some of its Applications 
The enormous reactivity of singlet oxygen finds applications in bleaching and 
disinfection reactions as well as in many chemical syntheses as for example in the 
reaction of singlet oxygen with aromatic compounds (A), which leads to the formation of 

-1

endoperoxides (APO). Both the thermal and the photochemical cleavage of APOs 
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lead back again to aromatic compound A and singlet oxygen. APOs can be part of 
highly reversible photochromic systems, some are outstanding chemical actinometers.  
One takes advantage of the toxicity of singlet oxygen in some medical applications as for 
xample in the photodynamic therapy (PDT) of tumors. In PDT a suited photosensitizer 

t 
h 

 
ny 

e
is administered the patient. After 24 to 48 hours most of the sensitizer has disappeared 
from the surrounding tissue. The sensitizer is still enriched in the tumor tissue after tha
time due to a retarded concentration decrease. The sensitizer is excited by irradiation wit
red laser light. This leads in the presence of oxygen by energy transfer to the formation 
of  O2 (1∆g) in the tumor tissue inducing tumor necrosis. Porphyrin derivatives are
mostly used as sensitizers in this treatment. However, there are efforts to develop ma
alternatives for improved sensitizers for PDT. 
 
A photosensitized reaction of type I is a reaction in which photosensitizer molecules, 
usually in the triplet state, react directly with the biological target molecules. Oxygen 
may or may not enter the chain of reactions on a later stage. A type II photosensitized 
reaction is a process where the excited photosensitizer molecules first transfer part
of their excitation energy to oxygen, thus producing singlet oxygen (¹O

 
2). Many 

ously with photodynamic processes.  

xamples of type I processes are treatment of psoriasis with psoralens and light, light 

duced skin 
ria patients, several types of photoallergic and phototoxic skin 

ibly UVA induction of erythema and skin cancer.  

se.  In 

 
rebrain 

chemia reperfusion injury of the rat hippocampus (CA-1). The intravenous (i.v.) 
g/kg and 100 mg/kg L-histidine protected the elevation of 

xtracellular glutamate concentrations after transient cerebral ischemia (p < 0.01). And 

onal 
 A. 

investigators define type II processes synonym

E
treatment of infants with hyperbilirubinemia, and UVB induction of erythema and 
skin cancer.  

xamples of type II processes are photodynamic therapy (PDT), light-inE
reactions in porphy
eactions, and possr

4.2.6 Singlet Oxygen Scavengers 
 
Uric acid and carotenoids are presumed to behave as singlet oxygen quenchers and 
radical scavengers (Matsuo, M. (1993) Age-related alteration in antioxidant defen
Yu, BP, Ed. Free Radicals in Aging.  Florida, CRC Press.  Pp. 143-182). 
 
4.2.7 Histidine 
 
Histidine is an efficient scavenger of highly active singlet oxygen and somewhat 
weaker scavenger of hydroxyl radicals. And it has been shown to protect against
reperfusion injury in the heart. The effects of L-histidine were examined in the fo
is
administration of 50 m
e
the administration of L-histidine prevented ischemia-reperfusion induced delayed 
neuronal death in the rats. These results indicate that L-histidine can reduce neur
damage after reperfusion of cerebral ischemia (Kawamoto T, Ikeda Y, Teramoto
[Protective effect of L-histidine (singlet oxygen scavenger) on transient forebrain 
ischemia in the rat] [Article in Japanese] No To Shinkei. 1997 Jul;49(7):612-8). 
 
4.2.8 Melatonin 
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Melatonin, a naturally occurring chemical mediator, although assigned a diverse range of
functions, has the ability to function as a free radical scavenger. Because of the 
implications of singlet oxygen in neurotoxicity, the objective of the study was to
investigate the ability of melatonin to quench singlet oxygen generated using laser 
irradiation or lamp photolysis. The results show that melatonin produ

 

 

ces radicals upon 
ser irradiation while the lamp photolysis studies show that melatonin is able to 

gen produced by naphthalene. While melatonin is a free radical 
avenger under biological conditions, it acts as a generator of singlet oxygen and or 

j DS, 

ne  

ine, 

glet 
 

ctive singlet oxygen quenchers 
re carotenoids and phytochemicals. Vitamin E is only moderately effective against 

ough 
ul as histidine.) Histidine has been found to be particularly 

ffective in the following conditions:  rheumatoid arthritis, anemia, allergies, and nausea 
 pregnancy), and upper GI ulcers. 

 

ngly 
correlated with aging. 

4.2.10 Uric acid 

Uric acid acts as an endogenous radical scavenger and antioxidant. It is present in about 
 

la
scavenge singlet oxy
sc
radicals (as PhiDelta is 1.41) when irradiated with laser light, implying that it has the 
potential to be used in photodynamic therapy in the destruction of tumors (Mahara
Molell H, Antunes EM, Maharaj H, Maree DM, Nyokong T, Glass BD, Daya S. 
Melatonin generates singlet oxygen on laser irradiation but acts as a quencher when 
irradiated by lamp photolysis. J Pineal Res. 2005 Apr;38(3):153-6). 
 
4.2.9 L-Histidi
 
L-Histidine (said to be the most effective natural 1O2 scavenger), melatonin, carnos
lycopene (carotenoids), α-tocopherol, diphenylamines (quenchers in plants), 
DABCO and dimethylfuran are reportedly scavengers for singlet oxygen.  The sin
oxygen scavenger sodium azide (NaN2) is efficient.  GSH is a scavenger of the hydroxyl
radical and singlet oxygen. Some say that the most effe
a
singlet oxygen. 
 
Deactivating singlet oxygen with histidine prevents the formation of the superoxide 
radical. (The other common singlet oxygen quencher in our diet is beta carotene, th
it is not nearly as powerf
e
(including nausea of

Regarding rheumatoid arthritis, it has been shown that both NSAIDS and steroids lower 
plasma histidine.  So, while affording temporary relief, they actually exacerbate the  
condition. Aging is allegedly a cumulative effect of excessive oxidative free radical 
damage in the body.  It is interesting to note that low histidine levels are stro

 

0.5 mmol/L in body's fluids and is the end product of purine metabolism. Uric acid is a
powerful scavenger of singlet oxygen, peroxyl radical (ROO·) and ·OH radical 
(Halliwell, 1994). It also scavenges HOCl and is the causative agent in gout. 
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4.2.11 Albumin 

Depending on the fact that albumin has one sulfhydryl group per molecule, it itsel
scavenges several f

f 
ree radicals (Halliwell, 1994) and thus can be considered as one of 

the primary extracellular defense systems. Albumin is an additional sacrificial antioxidant 
ld 

in 
any 

ultant 
protein damage is biologically insignificant because of the large amount of available 

als would be inactivated before reacting with other more vital 
protein structures.  

4.2.12 Astaxanthin 

Astaxanthin has been shown to be a powerful quencher of singlet oxygen activity in 
in E 

. 

Vitamin B6 (pyridoxine) and its derivatives: pyridoxal, pyridoxal 5-phosphate and 
erous biological 

functions. Pyridoxine appears to play a role in the resistance of the filamentous fungus 

n 

he 

 

nisms, such as in lipid 

that can bind copper tightly and iron weakly to its surface. The bound metals wou
still be on its surface. The bound metals would still be available for participation 
Haber-Weiss reaction (which does not occur under physiological conditions), but 
generated ·OH would immediately react with and be scavenged by albumin. The res

albumin and free radic

Several pharmaceutical agents have been found to exert an antioxidant effect:  
Xanthine oxidase inhibitors: e.g. allopurinol, folic acid, NADPH inhibitors: e.g. 
adenosine, calcium channel blockers, inhibitors of iron redox cycling (deferoxamine, 
apotransferrin and ceruloplasmin), superoxide dismutases, albumin, and catalases. 

in vitro studies, with up to 80- to 550-fold higher quenching rate constants than vitam
(DiMascio, P., T.P.A. Devasagayam, S. Kaiser, and H. Sies. 1990. Carotenoids, 
tocopherols and thiols as biological singlet molecular oxygen quenchers. Trans. Biochem
Soc. 18: 1054-1056) (Shimidzu N., M. Goto, W. Miki. 1996. Carotenoids as singlet 
oxygen quenchers in marine organisms. Fisheries science. 62(1), 134-137). 

4.2.13 Vitamin B6 (Pyridoxine) 

pyridoxamine are important natural compounds involved in num

Cercospora nicotianae to its own abundantly produced strong photosensitizer of singlet 
molecular oxygen (1O2), cercosporin. (Bilski P, Li MY, Ehrenshaft M, Daub ME, 
Chignell CF. Vitamin B6 (pyridoxine) and its derivatives are efficient singlet oxyge
quenchers and potential fungal antioxidants. Photochem Photobiol. 2000 Feb;71(2):129-
34). 

4.2.14 Triplet Excited State Carbonyl Compounds and 1O2

Triplet excited state carbonyl compounds react with ground state oxygen to give t
highly reactive singlet excited molecular oxygen ("singlet oxygen", 1 O2). Singlet 
oxygen can react with proteins, nucleic acids, and cellular lipids, and can therefore
possibly damage biological systems (Bisbi, R.H.; and Parker, A.W. J. Am. Chem. Soc. 
1995, 117 , 5664-70). Triplet state aliphatic carbonyls are formed in biochemical 
systems by a number of enzymic and non-enzymic mecha
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peroxidation, and through the actions of peroxidases, and may transfer their en
to suitable aromatic carbonyl, such as duroquinone (DQ). The reduction potentia
the 

ergy 
l of 

at 

h 

 
 

nglet oxygen production. I believe that this is a most 
1O2. Some quinones are recognized as 

otosensitizers in cell and tissue systems. 
1

ng 
 cancer therapy (Pratesi, R.; Croce, A.C.; Balzarini, P.; Bottiroli, G.; 

e 
 

 

eats up the food. The friction also causes 

3DQ/DQ-. couple is estimated to be about +2.17 V. Other studies have shown th
ubiquinone (3UQ) is also a powerful oxidant, capable of one-electron 
oxidation of water, which must be taken into account in discussions of the 
electron transport chain.  I believe that this represents an “oxidative threat” muc
greater than that of EMODs. 

Triplet carbonyls may produce damage in biological systems either directly, by
reaction of the oxidizing triplet state with a suitable cellular target, or indirectly, by
acting as sensitizers of si
important source for cellular production of 
potentially damaging photodynamic ph
Again, this is very important for O2 generation in the biological systems. On the 
other hand, molecules such as Rose Bengal and other uranine's derivatives are bei
successfully used in
Baglioni, P.; Lo Nostro, P.; and Monici, M. "A new approach for selective tumor 
targeting in photodynamic therapy" in "Laser Spectroscopy (Twicols)", Singapore 
Publishing Corp., 1997). 

4.2.15 Microwave Radiation (Ovens) 

Some of the following material was in an article written by Anthony Wayne and 
Lawrence Newell. 

Microwaves are a form of electromagnetic energy, like light waves or radio waves, 
and occupy a part of the electromagnetic spectrum of power, or energy. Microwaves ar
very short waves of electromagnetic energy that travel at the speed of light (186,282
miles per second). In our modern technological age, microwaves are used to relay long 
distance telephone signals, television programs, and computer information across the 
earth or to a satellite in space. But the microwave is most familiar to us as an energy 
source for cooking food. 

Every microwave oven contains a magnetron, a tube in which electrons are affected by 
magnetic and electric fields in such a way as to produce micro wavelength radiation at
about 2450 Mega Hertz (MHz) or 2.45 Giga Hertz (GHz). This microwave radiation 
interacts with the molecules in food. All wave energy changes polarity from positive to 
negative with each cycle of the wave. In microwaves, these polarity changes happen 
millions of times every second. Food molecules - especially the molecules of water - 
have a positive and negative end in the same way a magnet has a north and a south 
polarity. 

In commercial models, the oven has a power input of about 1000 watts of alternating 
current. As these microwaves generated from the magnetron bombard the food, they 
cause the polar molecules to rotate at the same frequency millions of times a second. All 
this agitation creates molecular friction, which h
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substantial damage to the surrounding molecules, often tearing them apart or for
deforming them. The scientific na

cefully 
me for this deformation is "structural isomerism". 

By com
(DC) th  frictional heat; microwave ovens use alternating current (AC) 
crea g
all t  p  
the sun operates in a wide frequency spectrum. 

Many t
amplitu

dio, X-ray, ultraviolet, visible, 
infrared, etc. 

oint. 
, or 

 
ss per unit of 

time, i.e. the number of repetitions of cycles per second. 

Atoms, molecules, and cells hit by this hard electromagnetic radiation are forced to 

s 

ral isomerism, and thus become impaired in quality. 

itted 
y." 

structure of the food by the process of radiation. Had the manufacturers accurately called 

 

er 

parison, microwaves from the sun are based on principles of pulsed direct current 
at don't create

tin  frictional heat. A microwave oven produces a spiked wavelength of energy with 
he ower going into only one narrow frequency of the energy spectrum. Energy from

erms are used in describing electromagnetic waves, such as wavelength, 
de, cycle and frequency:  

• Wavelength determines the type of radiation, i.e. ra

• Amplitude determines the extent of movement measured from the starting p
• Cycle determines the unit of frequency, such as cycles per second, Hertz, Hz

cycles/second. 
• Frequency determines the number of occurrences within a given time period

(usually 1 second); The number of occurrences of a recurring proce

Radiation = spreading energy with electromagnetic waves 

Technically produced microwaves are based on the principle of alternating current. 

reverse polarity 1-100 billion times a second. There are no atoms, molecules or cells of 
any organic system able to withstand such a violent, destructive power for any 
extended period of time, not even in the low energy range of milliwatts. 

Of all the natural substances -- which are polar -- the oxygen of water molecules reacts 
most sensitively. This is how microwave cooking heat is generated -- friction from thi
violence in water molecules. Structures of molecules are torn apart; molecules are 
forcefully deformed, called structu

Radiation, as defined by physics terminology, is "the electromagnetic waves em
by the atoms and molecules of a radioactive substance as a result of nuclear deca
Radiation causes ionization, which is what occurs when a neutral atom gains or loses 
electrons. In simpler terms, a microwave oven decays and changes the molecular 

them "radiation ovens", it's doubtful they would have ever sold one, but that's exactly 
what a microwave oven is. Microwave ovens can now be found in 83% of American
homes, compared to 8% in 1978. 

Because the body is electrochemical in nature, any force that disrupts or changes 
human electrochemical events will affect the physiology of the body. This is furth
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described in Robert O. Becker's book, The Body Electric, and in Ellen Sugarman's boo
Warning, the Electricity Around You May Be Hazardous to Your Health. 

k, 

Significant changes were discovered in the blood samples from the intervals following 

l) 
(white blood cells) showed a more 

distinct short-term decrease following the intake of microwaved food than after the 

. 

he, dizziness, eye pain, sleeplessness, irritability, 
anxiety, stomach pain, nervous tension, inability to concentrate, hair loss, plus an 

ic 

he 

d 

is a better one-electron reductant than 
tocopherol (E°'=+0.23 V), and is supposed to recycle the tocopheroxyl radical in vivo. Its 

d 
s 

ly 

ate, nitroxide and other radicals 
(Halliwell, B. Free Rad. Res. 1996, 25 439-54). 

the foods cooked in the microwave oven. These changes included a decrease in all 
hemoglobin and cholesterol values, especially the ratio of HDL (good cholestero
and LDL (bad cholesterol) values. Lymphocytes 

intake of all the other variants. Each of these indicators pointed to degeneration. 

In Robert O. Becker's book, The Body Electric, he described Russian research on the 
health effects of microwave radiation, which they called "microwave sickness." On 
page 314, Becker states: 

"It's [Microwave sickness] first signs are low blood pressure and slow pulse. The later 
and most common manifestations are chronic excitation of the sympathetic nervous 
system [stress syndrome] and high blood pressure

This phase also often includes headac

increased incidence of appendicitis, cataracts, reproductive problems, and cancer. The 
chronic symptoms are eventually succeeded by crisis of adrenal exhaustion and ischem
heart disease [the blockage of coronary arteries and heart attacks]." 

When water is exposed to ionizing radiation, different radicals are formed, particularly 
OH., and in neutral or alkaline solution the presence of small quantities of nitrous 
oxide, N2O, increases the amounts of radicals. 

4.2.16 Singlet Oxygen Quenchers 

Cellular protection against singlet oxygen damage may be provided by quenchers. T
most important physiological quenchers are carotenoids and phenols, notably the 
tocopherols (E°'=+0.48 V), in particular the reactivity of tocopherol toward peroxyl an
phenoxyl radicals decrease in the order alpha>beta=gamma>delta (13). Ascorbate 
behaves as a weak singlet oxygen quencher, it 

lipophilic derivative 6-O-ascorbyl-palmitate is a good antioxidant in model systems an
is also effective in cellular systems. The antioxidant activity of ascorbic acid involve
a hydrogen transfer rather than an electron transfer.  

In vitro, ascorbic acid behaves as an efficient antioxidant by scavenging radicals 
produced by certain drugs, protecting lung fluids from the damages due to particular
dangerous air pollutants such as O3 and NO2

., reducing lipid peroxidation in cigarette 
smoke, and scavenging peroxyl, thiyl, sulphenyl, ur
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Tocopherols mainly act as a free radical chain breaking antioxidant in liposomes and 
cellular membranes, and also possess reactivity as singlet oxygen quenchers and in 
repairing free radical damages in proteins. The reducing properties of tocopherols are 
also matched by ascorbate; however, the lipophilic nature of vitamin E provides it 
with access to lipid sites in membranes and lipoproteins, a level at which ascorbate 
cannot act. In the case of quinones bearing hydrophobic chains, as ubiquinone, the 
excited state would be confined to the hydrophobic phase, and the lipidic nature of 

1, 
 

elated radical species is a contradiction for 
terrestrial life.  

Aerobic cells are provided with two defenses against lipid peroxidation. The primary 

 

.2.17 Vitamin C 

g 

s 
 

ter, 

oxygen-dependent and related to its autooxidation 
process. It is particularly important to balance of the amounts of vitamin C, vitamin E, 

n 

e 

tocopherols would confer an important advantage. 

EMOD scavengers, along with calcium and adrenoreceptor antagonists, prostaglandin E
prostacyclin, antioxidants, and sodium-hydrogen exchange inhibitors, are effective in
experimental modes of reperfusion injury (Nihro, Y.; Sogawa, S.; Izumi, A.; Sasamori, 
A.; Sudo, T.; Miki, T.; Matsumoto, H.; and Satoh, T., J. Med. Chem. 1992, 35, 1618-23). 
The damage induced by oxygen and its r

mechanism may involve either enzymatic scavenging of oxygenated radicals (such as 
superoxide dismutases or catalases), or sequestration of iron by proteins (apoferritin or 
apolactoferrin), or chemical scavengers (such as tocopherols, carotenes or other anti-
oxidants). The second defense mechanism involves the removal of oxidized groups and 
repair processes (Thomas, J.P.; Geiger, P.G.; Maiorino, M.; Ursini, F.; and Girotti, A.W.
Biochm. Biophys. Acta 1990, 1045, 252). 

4

Like alpha-tocopherol and melatonin, ascorbic acid is one of the most potent reducin
agents for biological systems, but since it reacts with trace metal ions to yield active 
oxygen species, it may also act as a dangerous prooxidant (Gorbunov, N.V.; Osipov, 
A.N.; Sweetland, M.A.; Day, B.W.; Elsayed, N.M.; and Kagan, V.E. Biochem. Biophy
Res. Commun. 1996, 319, 835-41).  This led Porter to define ascorbic acid as "truly a
two-headed Janus, a Dr. Jekyll-Mr. Hyde, an oxymoron of antioxidants" (Por
W.L., Toxicology & Ind. Health 1993, 9, 93-122). 
 
The cytotoxicity of ascorbic acid is 

and carotenoids in the body, since they play an interesting synergic effect against lipid 
peroxidation, i.e. when vitamin E turns into tocopheroxyl radical this reacts with vitami
C that restores tocopherol. What has been observed in vitro, may not be automatically 
transferred to the living systems; Walther et al. (Walther, F.J.; David-Cu, R.; Findlay, 
R.D.; and Bruni, R. J. Invest. Med. 1996, 44 , 193A) showed that the addition of 
vitamin E to antioxidant liposomes delivered to fetal lungs significantly reduced th
surface activity, and it may not represent a suitable approach to perform radical 
scavenging in vivo, due to danger. 
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The current increasing amount of radical species that are present in the atmosphere 
(particularly nitrogen oxides), the seasonal partial loss of the ozone layer, and then the 
increase of the ultraviolet irradiation over the Earth, are all related problems that sho
the importance of using antioxidant species in protecting the bod

w 
y from the free radicals' 

attacks, or in minimizing their dangerous activity (Giamalva, D.; Church, D.F.; and 
t 

ously, I 

nd 

FI plasmid DNA. In the presence of micromolar concentrations of
Cu(II) and HQ, both single and double strand breaks were induced, whereas HQ, Cu(II), 

 
ygen 

ity, possibly a copper- peroxide complex, rather than free 
hydroxyl radical probably plays a role in the HQ/Cu(II)-induced DNA strand breaks (Y 

A damage resulting from the oxidation of hydroquinone by copper: 
le for a Cu(II)/Cu(I) redox cycle and reactive oxygen generation. Carcinogenesis, 1993, 

n of reasonable levels of EMODs 
nt 

4.2.18 ß-Carotene 

ß-carotene is a very effective singlet oxygen quencher (Foote CS, Denny RW. (1968) 

l.  
However, ß-carotene is not considered to be a very potent antioxidant (Woodl AA; 
Britton G; Jackson MG. (1997) Carotenoids and protection of phospholipids in solution 

Pryor, W.A. Biochem. Biophys. Res. Commun. 1985, 133, 773-79). I must point ou
that, even with these ever increasing amounts of environmental free radical species, 
man now has the longest record of longevity in recent recorded history! Obvi
am discounting Methuselah’s 969 year lifespan.  

However, please be aware that the fashionable habit of large intakes of ascorbic acid a
its derivatives on a regular basis may represent a serious hazard to the human health, for 
the possible consequences of producing radicals directly into the body, for instance 
through the reaction with metal ions such as iron and copper.  

The myelotoxicity, including leukemia, associated with benzene exposure has been 
attributed to the further activation of benzene-derived metabolites. In a previous study, it 
was observed that (Cu(II) strongly mediates the oxidation of hydroquinone (HQ) 
producing benzoquinone (BQ) and H2O2 through Cu(II)/Cu(I) redox mechanism. Since 
copper exists in the nucleus and is closely associated with chromosomes and DNA, in 
this study we investigated whether this chemical--metal redox system induces strand 
breaks in phi X-174 R  

H2O2 or BQ alone at the employed concentrations elicited no significant damage to 
DNA. Similar to the H2O2/Cu(II) system, the HQ/Cu(II)-induced DNA strand breaks 
could not be efficiently inhibited by hydroxyl radical scavengers but could be protected
by singlet oxygen scavengers, indicating that the localized generation of singlet ox
or a singlet oxygen-like ent

 

Li and MA Trush. DN
ro
Vol 14, 1303-1311). 

On the other hand, from my point of view, the generatio
is a good thing. Ascorbic acid can act both as a strong, efficient, and cheap antioxida
agent on one level, and at the same time behave as a radical promoter on a different 
level. However, I believe that this can make accurate interpretation of data on 
vitamin C very difficult. 

 

Chemistry of singlet oxygen. J. Am. Chem. Soc. 90: 6233-6235).  It also can  
scavenge peroxyl radical and nitrogen dioxide radica
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or in liposomes against oxidation by peroxyl radicals: Relationship between carotenoid
structure and protective ability. Biochem.Biophys.Acta. 1336: 575-586). �-carotene is 
also considered to be a prooxidant, especially at higher oxygen tensions. 

4.3 SINGLET OXYGEN 

Singlet oxygen is a specific reagent whose typical reactions are classified as ene-
reactions, 2-4 cycloadditions, and self-oxidations. 

Oxygen in the air we breathe is in its "ground" (not energetically excited) state and is 
symbolized by the abbreviation 

 

adical; in fact, it is a diradical, as it has 
two unpaired electrons. Electrons "spin" (that is, rotate about an axis passing through the 

ized 

3O2. It is a free r

electron). Molecules whose outermost pair of electrons have parallel spins (symbol
by ) are in the "triplet" state; molecules whose outermost pair of electrons have 
antiparallel spins (symbolized by ) are in the "singlet" state. Ground-state oxyge
in the triplet state (indicated by the superscripted "3" in 

n is 
s 

is highly reactive. (The * 
symbol is used to indicate that this is an excited state with excess energy. It should be 

et-state molecules are necessarily in the excited 
state; the designation of "triplet" or "singlet" refers only to the spin state. For example, 

t 

d 

s attenuated 

(.OH) 
ine, 

e 

partly mediated through cyclooxygenase metabolites, and partly through nitric oxide and 

3O2) - its two unpaired electron
have parallel spins, a characteristic that, according to rules of physical chemistry, does 
not allow them to react with most molecules. Thus, ground-state or triplet oxygen is 
not very reactive. However, triplet oxygen can be activated by the addition of energy, 
and transformed into reactive oxygen species. 

If triplet oxygen absorbs sufficient energy to reverse the spin of one of its unpaired 
electrons, it forms the singlet state. Singlet oxygen, abbreviated 1O2*, has a pair of 
electrons with opposite spins; though not a free radical it 

emphasized that neither triplet- nor singl

carotenoids exist in an unexcited, ground singlet state S0 and can be excited by ligh
absorption to a higher-energy singlet state S1, with no change in spin state 
(Christophersen, A., Jun, H., Jorgensen, K. and Skibsted L. (1991) Photobleaching of 
astaxanthin and canthaxanthin: quantum-yields dependence of solvent, temperature and 
wavelength of irradiation in relation to packaging and storage of carotenoid pigmente
salmonoids. Z. Lebensm. Unters. Forsch., 192:433-439). 

4.3.1 1O2* and Motility of the Ileum 

Investigators at the University of Saskatchewan reported that the results of their study 
indicate that exogenously-generated oxy-radicals produce relaxation, contraction or 
contraction/relaxation of rat ileum depending upon the generating system. Xanthine (X) 
plus xanthine oxidase (XO) produced relaxation of ileum. The relaxation wa
by the hydroxyl radical scavengers mannitol and dimethylthiourea (DMTU); and the 
singlet oxygen scavenger, histidine, supporting the idea that the hydroxyl radical 
and singlet oxygen are involved in X/XO-induced relaxation of ileum. Deferoxam
an iron chelator, reduced the relaxation of the ileum, indicating that .OH mediates th
X/XO-induced relaxation of ileum. Xanthine/xanthine oxidase-induced relaxation is 
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ATP-sensitive potassium channels. Hydrogen peroxide produced a biphasic response (
initial co

an 
ntraction followed by relaxation), which appeared to be due to the generation of 

.OH. The contraction/relaxation induced by H2O2 is mediated through 

 through arachidonic acid metabolites and histamine. These 
results suggest that oxygen radicals, including H2O2, play a role in the motility of 

ed in 

l 
l 

4.3.2 Catalases and O * 

Catalases are oxidized by singlet oxygen giving rise to more acidic conformers. 

ns.  

pergillus flavus (Ehrenshaft, M. et al. A highly conserved sequence is a 
novel gene involved in de novo vitamin B6 biosynthesis.  Proc Natl Acad Sci USA. 1999 

t 

e 

a similar 

inglet oxygen is an electrophilic and non-radicalic molecule with a greater oxidation 
n 

cyclooxygenase metabolites. The hydrogen peroxide-evoked biphasic response in rat 
ileum is not mediated through nitric oxide, acetylcholine or histamine. Dihydroxy 
fumaric acid (DHF) plus ferric chloride (FeCl 3) and adenosine diphosphate (ADP) 
produced concentration-dependent contraction of ileum. DHF/FeCl3-ADP-induced 
contraction is mediated partly

ileum.  

The majority of GSH is synthesized in the liver, and approximately 40% is secret
the bile. The biologic role of GSH in bile is believed to be defence against dietary 
xenobiotics and lipid peroxidation in the lumen of the gut and protection of the intestina
epithelium from oxygen radical attack (Aw, 1994). GSH is a scavenger of the hydroxy
radical and singlet oxygen.  

1
2

Catalase can be modified by singlet oxygen generated intracellularly, even though the 
enzyme is predominantly inside peroxisomes. Intense light per se also generated a 
slight shift in the electrophoretic mobility of catalase (F Lledías, and W Hansberg. 
Oxidation of Human Catalase by Singlet Oxygen in Myeloid Leukemia Cells. 
Photochemistry and Photobiology: Vol. 70, No. 6, pp. 887–892). 

4.3.3 The SOR1 Gene 

The Cercospora nicotianae SOR1 (singlet oxygen resistance) gene was identified as a 
gene involved in the resistance of this fungus to singlet-oxygen-generating phototoxi
It has been shown that SOR1 is essential in pyridoxine (vitamin B6) synthesis in C. 
nicotianae and As

August 3; 96 (16): 9374-9378).  It was further shown that pyridoxine quenches single
oxygen at a rate comparable to that of vitamins C and E, two of the most highly 
efficient biological antioxidants, suggesting a previously unknown role for B6 in activ
oxygen resistance.  Please remember that the SOR1 gene has not been sequenced in any 
of the animal genomes thus far and I believe it indicates that this is evidence that 
animals (mammals) have a need for 1O2, otherwise, we would have evolved 
gene to block it. 

S
capability than atmospheric diradical triplet oxygen.  Joseph Priestly discovered oxyge
in 1775 and Avogadro reported that oxygen is a diatomic molecule in 1811.  In 1848 
Faraday reported that oxygen was paramagnetic and in 1928 Mulliken reported that the 
paramagnetic property of oxygen is due to the parallel spins of 2 outer electrons of the O2 
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molecule.  In 1934 Herzberg discovered a higher energy state of oxygen by 
spectroscopy and reported this oxygen as singlet oxygen, which has outer-shell 
electrons paired in antiparallel spins. 
 
The importance of 1O2 in a chemical reaction was not recognized from 1934 to 1963, 
until and following photooxidation experiments by Foote and Wexler (Foote, C.S. and 

exler, S. (1964) Olefin oxidations with excited singlet molecular oxygen.  J Am Chem 
 and Taylor, W.C. (1964) A study of the 

eroxidation of organic compounds by externally generated singlet oxygen molecules. J 
n 

 

orophyll, pheophytins, 
orphyrins, riboflavin, myoglobin and synthetic colorants of food can absorb energy from 

inglet oxygen.  Sensitizers may 
enerate 10  to 10  molecules of singlet oxygen before becoming inactive (Kochevar, 

ized production of singlet oxygen.  In:  
acker L, Sies, H., editors.  Methods in Enzymology. Vol. 319. New York:  Academic 

 
Cho s  products via the “ene” 
reac n wski (Girotti, A.W. and 

r in biological systems.  In: 
Pac r, . New York: Academic 
Pre  p cts can differentiate 

W
Soc 86:3879) and Corey and Taylor (Corey, E.J.
p
Amer Chem Soc 86:3881).  Presently, the importance of 1O2 reactions is recognized i
medicine, biochemistry, organic chemistry, food chemistry, environmental chemistry and 
organic chemistry.  I believe that my singlet oxygen generating system will bring 
singlet oxygen to the forefront of cancer, arteriosclerosis, diabetes, HIV/AIDS and
malaria therapy.   
 
4.3.4 Reaction of 1O2 with Photosensitizers 
 
Singlet oxygen, a non-radical, reacts with nonradical, singlet-state, and electron-rich 
compounds containing double bonds.  Photosensitizers such as chl
p
light and transfer it to triplet oxygen to form singlet oxygen.  The sensitizer returns to 
ground state and may begin the cycle again to generate s

3 5g
I.E. and Redmond, R.W. 2000.  Photosensit
P
Press. p 20-28).  UVA radiation penetrates deeply into the skin reaching both the 
epidermis and the dermis, which may excite photosensitizers. 
 
Singlet oxygen is detected by its chemiluminescence at 1270 nm.  The 1270 nm photon 
released by singlet is very specific for its identification. 
 
4.3.5 Reaction of 1O2 with Cholesterol 

le terol reacts with singlet oxygen to form specific oxidative
tio , which has been described in detail by Girotti and Koryto

Korytowski, W. 2000. Cholesterol as a singlet oxygen detecto
ke  L., Sies, H. editors.  Methods in Enzymology.   Vol. 319
ss.  85-100).  The specificity of the cholesterol reaction produ

between singlet oxygen initiated reaction and triplet oxygen initiated reaction.  The 
reaction of cholesterol with singlet oxygen produces: 

• 3B-hydroxy-5a-cholest-6-ene-5-hydroperoxide (5α-OOH) 
• 3B-hydroxy-cholest-4-ene-6a-hydroperoxide (6α-OOH) 
• 3B-hydroxy-cholest-4-ene-6B-hydroperoxide (6β-OOH) 

The reaction of cholesterol with triplet oxygen produces: 
• 3B-hydroxy-cholest-5-ene-7a-hydroperoxide (7α-OOH) 
• 3B-hydroxy-cholest-5-ene-7B-hydroperoxide (7β-OOH) 
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Oxygen consumption in deuterium oxide is a method to measure singlet oxygen oxida
as is the use of azide and histidine. Temperature has little effect on singlet oxygen 
oxidation but has a significant effect on triplet oxygen oxidation, which requires hi
activation energy.  The total number of double bonds is more important in singlet oxyg
oxidation than the types of double bonds such as nonconjugated or conjugated 
trienes, which are important in free-radical triplet oxygen oxidation (Min, D.B. and Bof
J.M. Chemistry and reaction of singlet oxyg

tion 

gh 
en 

dienes or 
f, 

en in foods.  (2002) Comprehensive Reviews 
 Food Science and Food Safety. Vol.1, pp 58-72).  One of the most important 

ith the electron-rich 
ouble bonds of unsaturated molecules (Beutner, S. Bloedorn, B., Hoffman, T. and 

t 

es 

d Amino Acids 

 

 5 singlet oxygen reactive amino 
cids, which are tryptophan, histidine, tyrosine, methionine and cystein.  The tertiary 

can 
ct as both physical and chemical quenchers of O2.  Natural food components such as 

act as effective 1O2 quenchers.  Foote 
und that 1 molecule of β-carotene can quench 250 to 1,000 molecules of 1O  at a 

otenoid. 

onsumption 
f oxygen or product formation achieved by either energy transfer or charge transfer. 

in
reaction characteristics of 1O2 is that it can directly react w
d
Martin, H.D. Synthetic singlet oxygen quenchers.  In: Packer L., Sies, H. editors.  
Methods in Enzymology.  Vol 319. New York:  Academic Press. p 226-241).  Single
oxygen reaction with linoleic or linolenic acid forms both conjugated and 
nonconjugated diene hydroperoxides; whereas, triplet oxygen oxidation produc
only conjugated diene hydroperoxides.   
 
4.3.6 Reaction of 1O2 with Proteins an
 
The reaction rate of singlet oxygen with proteins is mostly determined on the 
number and types of amino acids, which have double bonds or an electron-rich 
sulfur atom.  Other amino acids react with 1O2 at 2 to 3 orders of magnitude lower than
tryptophan, histidine, tyrosine, methionine, or cystein.  Tryptophan, histidine and 
tyrosine contain double bonds and can readily react with electrophilic singlet oxygen.  
Methionine and cystein contain a sulfur atom with 4 nonbonding electrons, which 
react rapidly with the electrophilic 1O2.   
 
The reaction rate of 1O2 oxidation of protein is dependent on pH, temperature, 
dielectric constant of the medium, and presence of the
a
structure of the proteins acts to inhibit the reaction of singlet oxygen with singlet 
oxygen reactive amino acids, thereby imparting some protection.  Some amino acids 

1a
tocopherols, carotenoids and ascorbic acid can 
fo 2
rate of 1.3 X 1010 M-1S-1.  The rate of quenching by carotene is highly dependent on the 
number of conjugate double bonds in the car
 
Physical quenchers result in the return of 1O2 to triplet oxygen without the c
o
 
4.3.7 Reaction of 1O2 with Carbohydrates 
 
Carbohydrates are relatively insensitive to singlet oxygen oxidation, particularly in 
the presence of more reactive materials.   
 
4.3.8 Reaction of 1O2 with Melatonin, Another Oxy-Moron Paradox 
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Singlet molecular oxygen is reportedly one of the major agents responsible for 
(photo)oxidative damage in biological systems including human skin and eyes. It ha
been reported that the neural hormone melatonin (MLT) can abrogate 

s 
 

ethanol by 

 

 
e 

 
 
n 

that all 

ilizes other antioxidant defenses 

xceptional antioxidant ability is unfounded.  

id 

rotene-
, but 

ls of the 

1O2-mediated
cytotoxicity through its purported high antioxidant activity. Matuszak et al studied the 
interaction of MLT with 1O2 in deuterium oxide (D2O), acetonitrile and m
measuring the phosphorescence lifetime of 1O2 in the presence of MLT and related 
indoles for comparison. Rose bengal (RB) was used as the main 1O2 photosensitizer.  The
related indoles, tryptophan, 5-hydroxyindole, 5-methoxytryptamine, 5-
hydroxytryptamine (5-OH-T, serotonin), 6-hydroxymelatonin (6-OH-MLT) and 6-
chloromelatonin quenched 1O2 phosphorescence with similar kq values. They also 
compared the photosensitized photobleaching rate of MLT with that of other indoles,
which revealed that MLT is the most sensitive to 1O2 bleaching. Hydroxylation of th
indole moiety in 5-OH-T and 6-OH-MLT makes them more sensitive to 
photodegradation. In the absence of exogenous photosensitizers MLT itself can
generate 1O2 with low quantum yield (0.1 in CH3CN) upon UV excitation. Thus, the
processes they investigated may occur in the skin and eyes during physiological circadia
rhythm (photo)signaling involving MLT and other indoles. Their results indicate 
the indoles studied, including MLT, are quite efficient yet very similar 1O2 quenchers. 
This directly shows that the exceptional antioxidant ability proposed for MLT is 
unsubstantiated when merely chemical mechanism(s) are considered in vivo, and it 
must predominantly involve humoral regulation that mob
in living organisms (Matuszak Z, Bilska MA, Reszka KJ, Chignell CF, Bilski P. 
Interaction of singlet molecular oxygen with melatonin and related indoles. Photochem 
Photobiol. 2003 Nov;78(5):449-55).  Presumably, I believe that this must represent 
another “paradox” for the oxy-morons.  Melatonin is hyped as a great 

ntioxidant, yet Matuszak, et al, were able to show that it will produce a
1O2 in response to UV excitation and they have shown that its proposed 
e
 
The formation of H2O2 from H2O and UV light-induced singlet oxygen (1O2) has been 
demonstrated by the inhibitory effects of 1O2 quenchers (Oyanagui Y, Taniguchi M, 
Iwata M, Murakami M.  Inhibition of immunoglobulin G-catalyzed hydrogen peroxide 
generation by dexamethasone and piroxicam. Life Sci. 2003 Jul 25;73(10):1333-46). 
 
4.3.9 Vitamins E/C Fail to Block β-Carotene Exacerbation of UV Carcinogenesis  
 
β-Carotene is a strong singlet oxygen quencher and, under most conditions, exhibits 
strong antioxidant properties. Based on these properties, and a number of 
epidemiological studies, it was suggested that an above average intake of the caroteno
might reduce cancer risks. Clinical trials found that β-carotene supplementation evoked 
no change in incidence of nonmelanoma skin cancer and that smokers suffered a 
significant increase in lung cancer incidence. Further, studies employing β-ca
supplemented semidefined diets, not only failed to find a photoprotective effect
significant exacerbation of UV carcinogenic expression resulted.  Mice have no 
nutritional requirement for vitamin C and smokers are known to exhibit low leve
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vitamin. Hairless mice were fed β-carotene-supplemented semidefined diets containing 
rying levels of vitamins E and C and increasing levels of vitamins E and C did not 

sis. Nor did elimination of vitamin 
 from the diet (Black HS, Gerguis J.  Modulation of dietary vitamins E and C fails to 

.  

th 

hat 
ptophan or HEPES, resulting in the 

eneration of H2O2. Thus, if signaling effects of UVA radiation are to be investigated 
an should be avoided during 

radiation because of artificial H2O2 generation. In vivo tryptophan and riboflavin 

 
ll 

t 
e 

s tested, the T cell receptor is the only protein with 
imilar capabilities. In clinical settings UV is believed to exert therapeutic effects by 

riggered 
2O2 production is involved in this process. In a cell free system, production of H2O2 

hat 
Sharma 

 

 

va
ameliorate b-carotene exacerbation of UV carcinogene
C
ameliorate b-carotene exacerbation of UV carcinogenesis in mice. Nutr Cancer. 
2003;45(1):36-45).   Again, the antioxidants vitamin E and C failed to block or 
ameliorate the increased carcinogenesis associated with increased β-carotene levels
I believe that this clearly argues against the Free Radi-Crap theory and its 
assertions that EMODs are a causative factor in carcinogenesis. 
  
4.4 UVA Generates H2O2 from Culture Media 
 
Biological effects of ultraviolet A (UVA) irradiation have been ascribed to the 
photochemical generation of singlet oxygen. Not all effects described in the literature, 
however, are explicable solely by the generation of singlet oxygen, but rather resemble 
effects elicited by hydrogen peroxide H2O2. When cells are kept in cell culture media 
during exposure to UVA, stress kinases, including ERK 1 and ERK 2 as well as Akt 
(protein kinase B), are activated, whereas there is no or only minor activation when cells 
are kept in phosphate-buffered saline during irradiation. The exposure of cell culture 
media to UVA (30 J/cm2) results in the generation of significant amounts of H2O2, wi
concentrations of about 100 µM. H2O2 concentrations are at least three-fold higher in 
HEPES-buffered culture media after UVA irradiation. From experiments with solutions 
of riboflavin, tryptophan or HEPES, as well as combinations thereof, it is concluded t
riboflavin mediates the photooxidation of either try
g
in cell culture systems, riboflavin and HEPES/tryptoph
ir
might play an important role in the generation of reactive oxygen species by UVA as 
both substances are abundant in living tissues (Mahns A, Melchheier I, Suschek CV, Sies
H, Klotz LO. Irradiation of cells with ultraviolet-A (320-400 nm) in the presence of ce
culture medium elicits biological effects due to extracellular generation of hydrogen 
peroxide. Free Radic Res. 2003 Apr;37(4):391-7). 
 
4.4.1 H2O2 Production by Antibodies and Cells 
 
It was shown that antibodies catalyze a reaction between water and ultraviolet ligh
(UV) creating singlet oxygen and ultimately H2O2.  It is interesting that among a wid
variety of non-antibody protein
s
eliminating inflammatory epidermal T cells and it was hypothesized that UV-t
H
by CD3 antibodies was confirmed. Additionally, Sharma, et al, report the finding t
splenocytes and Jurkat T cells also produce H2O2 when exposed to UV light (
HA, Balcavage WX, Waite LR, Johnson MT, Nindl G. Characterization of a real time
H2O2 monitor for use in studies on H2O2 production by antibodies and cells. Biomed 
Sci Instrum. 2003;39:554-60). 
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4.1.2 Antibody-Catalyzed Ozone Formation in Bacterial Killing 
 
Antibodies can generate hydrogen peroxide (H2O2) from singlet molecular oxygen 
(1O2*). This process is catalytic, and we identify the electron source for a quasi-
unlimited generation of H2O2. Antibodies produce up to 500 mole equivalents of 
H2O2 from 1O2*, without a reduction in rate, and they have excluded metals or Cl- as 
the electron source. On the basis of isotope incorporation experiments and kinetic data, 
they propose that antibodies use H2O as an electron source, facilitating its addition to 
O * to form H O  as the first intermediate in a reaction cascade that eventually leads to 

 and 
ve role in the 

D, Zhu 
, Larsen NA, Wilson IA, Xu X, Goddard WA 3rd, Janda KD, Eschenmoser A, Lerner 

 
 

 

d an 
cies with a chemical signature similar to that of ozone. Ozone is 

lso generated during the oxidative burst of activated human neutrophils and 

orth P Jr, 
n

dence for antibody-
atalyzed ozone formation in bacterial killing and inflammation. Science. 2002 Dec 

ge to 
on 

r: 

1
2 2 3

H2O2. Their findings suggest a protective function of immunoglobulins against 1O2*
raise the question of whether the need to detoxify 1O2* has played a decisi
evolution of the immunoglobulin fold (Wentworth P Jr, Jones LH, Wentworth A
X
RA. Antibody catalysis of the oxidation of water. Science. 2001 Sep 7;293(5536):1806-
11). 
 
This work shows the enormous potential for H2O2 production by antibodies.  I 
believe that this will prove to be an additional source for bactericidal 
RONS/excytomers (EMODs) and for increasing overall oxidative capacity. 
 
Barbior et al showed that antibodies catalyze the generation of hydrogen peroxide H2O2
from singlet molecular oxygen ( O1

2*) and water. They show that this process can lead to
efficient killing of bacteria, regardless of the antigen specificity of the antibody. H2O2
production by antibodies alone was found to be not sufficient for bacterial killing. 
Their studies suggested that the antibody-catalyzed water-oxidation pathway produce
additional molecular spe
a
during inflammation. These observations suggest that alternative pathways may exist 
for biological killing of bacteria that are mediated by potent oxidants (Wentw
McDu n JE, Wentworth AD, Takeuchi C, Nieva J, Jones T, Bautista C, Ruedi JM, 
Gutierrez A, Janda KD, Babior BM, Eschenmoser A, Lerner RA. Evi
c
13;298(5601):2195-9).  
 
I believe that this inter-relationship between 1O2*, H2O2 and O3 will prove to have 
great significance in the generation of a DOA (deadly oxidative assault). 
 
4.4.3 Drug (Antibiotics) Production of Singlet Oxygen in UVA 
 
 
Photosensitization reaction of drugs leading to the formation of reactive oxygen 
species under ultraviolet radiation (UVR) can cause tissue injury, resulting in dama
various cellular macromolecules. This study determined the singlet oxygen generati
potential of some commonly used antibiotics. The selected antibiotics were examined for 
their ability to produce 1O2*, under artificial UVA (320-400 nm). Singlet oxygen 
generation of various screened antibiotics under UVA is of the following orde
Nalidixic acid > Amphotericin-B > Cephradine > Cefazolin > Nafcillin > 
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Cephalothin > Ampicillin > Cephalexin > Puromycin > Kanamycin > Lincomyc
Tetracycline > Nystatin > Gentamicin sulphate. Nalidixic acid, the most potent 
generator of 

in > 

al 
 are significant because UVB radiation is 

eportedly increasing on the earth surface in part due to depletion of stratospheric 
 various diseases. 

hus, the synergistic action of both can lead to undesirable phototoxic responses (Pandey 

15-

, 

NA fragmentation into nucleosome-size 
agments in a dose dependent manner. In contrast, the RB-derived radicals caused 

S, 
tosis 

S to initiate lipid oxidation does not necessarily correlate 
ith its ability to induce apoptosis (Kochevar IE, Lynch MC, Zhuang S, Lambert CR. 

-60 cells. Photochem 
hotobiol. 2000 Oct;72(4):548-53).   

tected 
lity 

to in vitro modification by singlet oxygen. 
ydrogen peroxide did not modify the electrophoretic mobility of catalase, even at 

ions that primarily generate superoxide, such as 
eatment with paraquat or heat shock, also failed to modify the enzyme. Results indicate 

1O2* among the screened antibiotics, was selected to carry out further 
studies. Certain specific quenchers of 1O2* such as beta-carotene, 1,4-diazabicyclo[2.2.2] 
octane (DABCO), and sodium azide (NaN3) accorded significant inhibition in the 
production of 1O2*. The results suggest that precautions are necessary to avoid 
ultraviolet radiation after the intake of photoreactive drugs, especially in tropic
countries such as India. These findings
r
ozone layer. The selected drugs are commonly used for the treatment of
T
R, Mehrotra S, Ray RS, Joshi PC, Hans RK. Evaluation of UV-radiation induced singlet 
oxygen generation potential of selected drugs. Drug Chem Toxicol. 2002 May;25(2):2
25).  I believe that the photosensitizer properties of these antibiotics could also 
contribute to their therapeutic effect. 
 
4.4.4 Consider Reactivities of Individual EMODs, Especially  1O2
 
Oxidizing species (OS), produced by photosensitization or derived from cytotoxic agents
activate apoptotic pathways. Kochevar et al investigated whether two different OS, 
formed at the same subcellular sites, have equivalent ability to initiate apoptosis in HL-60 
cells. They had shown that absorption of visible light by rose bengal (RB) produces 
singlet oxygen exclusively, whereas absorption of ultraviolet A produces RB-derived 
radicals in addition to singlet oxygen. Singlet oxygen, but not the RB-derived radicals, 
induced nuclear condensation and D
fr
greater lipid oxidation than singlet oxygen. These results indicate that different O
produced at the same subcellular sites, do not have the same ability to induce apop
and that the ability of an O
w
Singlet oxygen, but not oxidizing radicals, induces apoptosis in HL
P
 
I believe that this supports my position that each EMOD must be considered 
individually as to its specific reactivity and its consequent effects upon cellular 
molecules and processes. 
 
4.4.5 Oxidation of Human Catalase by Singlet Oxygen 
 
Catalases are oxidized by singlet oxygen giving rise to more acidic conformers de
in zymograms after electrophoresis in polyacrylamide gels. This shift in catalase mobi
can be indicative of singlet oxygen production in vivo. Catalase from human cells, as 
from many organisms, is susceptible 
H
doses that produced cell damage. Condit
tr
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that catalase can be modified by singlet oxygen generated intracellularly, even 
though the enzyme is predominantly inside peroxisomes (Lledias F, Hansberg W.
Oxidation of human catalase by singlet oxygen in myeloid leukemia cells. Photochem 
Photobiol. 1999 Dec;70(6):887-92). 
 
4.4.6 Singlet Oxygen and Cataracts 
 
The protein-bound chromophores, which increase with aging in the human lens, a
as UVA sensitizers, producing almost exclusively singlet oxygen in vitro. Direct 
irradiation of whole, aged human lenses with high intensity UVA light (200 mW c
2) for 24 hr), however, failed to produce singlet oxygen damage. These data are 
consistent with the idea that the low oxygen levels in the lens prevent singlet oxygen 
damage in vivo. The addition of 1.0 mM ascorbic acid, but not 1.0 mM glutathione 
(GSH), increased the photobleaching to 60% under argon, and the loss of ascorbate 
could be detected under these anaerobic conditions. In the presence of air, UVA light 
produced no photobleaching, but rather caused a three-fold increase in absorbance 
nm, which was prevented by the inclusion of 1.0 mM ascorbic acid and almost 50%
inhibited by 1.0 mM GSH. UVA irradiation of an enric

 

ct 

m (-

at 345 
 

hed fraction of sensitizers from a 
roteolytic digest from type II cataract lenses produced a 63% bleaching at 330 nm in the 

 loss of the A(330) absorbing and 350/450 
m fluorescent peaks upon HPLC separation. This loss correlated with the loss of the 

VA 

ds 

y O2  or H2O2, OH., alkoxyl radicals (RO ) and 
eroxy radicals (ROO ) result in initiating the lipid peroxidation. This can lead to a self-

 are both reaction initiators as well as the 
roducts of lipid peroxidation.  Cell membranes, which are made up of large amounts of 

, 

l Pathology 

lowing 

ces in 

p
absence of oxygen, and the almost complete
n
ability of the irradiated fraction to produce singlet oxygen in vitro upon subsequent U
irradiation (Ortwerth BJ, Chemoganskiy V, Olesen PR. Studies on singlet oxygen 
formation and UVA light-mediated photobleaching of the yellow chromophores in 
human lenses. Exp Eye Res. 2002 Feb;74(2):217-29). 
 
4.4.7 11.4  Lipid Peroxidation 
 
Lipid peroxidation occurs because the of the presence of lobule bonds adjacent to a 
methylene group which makes the methylene C-H bonds pf polyunsaturated fatty aci
(PUFA) weaker and therefore the hydrogen becomes more prone to abstraction.  While 
lipid peroxidation is not initiated b .- .

.p
perpetuating process since peroxy radicals
p
PUFA, are highly susceptible to oxidative attacks, which can change membrane 
permeability and cellular metabolic function (Uday, R., Dipak, D. and Ranajit, K.B. 
Reactive oxygen species:  Oxidative damage and pathogenesis.  Current Science, Vol. 77
No. 5, pp. 658-666 Sept, 10, 1999).  
 
4.5.1 12  Free Radica
 
Some of the following material was excerpted, abstracted or modified from the fol
article:  Freya Q. Schafer, Eric E. Kelley and Garry R. Buettner. Oxidative Stress and 
Antioxidant Intervention. Critical Reviews of Oxidative Stress and Aging: Advan
Basic Science, Diagnostics and Intervention. (2003) Ed Richard G. Cutler and Henry 
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Rodriguez. World Scientific, New Jersey, London, Singapore, Hong Kong. Volume II. 
Chapter 49, pp. 849-869. 
 
Antioxidants range from the traditional antioxidant vitamins C and E, to phenolic 
antioxidants isolated from various plant sources, e.g. pycnogenol, xanthohumol, green te
extracts and other polyphenols. Very few of the claims of benefits to health or 
stopping aging have been supported by sound research. Other than for a few of the 
antioxidant vitamins, many claims of health benefits of antioxidants are extrapolat
from experiments that simply demonstrate that a substance can serve as an antioxidant. 
 

a 

ions 

adly, many compounds are erroneously labeled as antioxidants and there is hardly 

 

es. Free Radic. Biol. Med. 28:  1079-1090). 

nd 
s, 

 the chain-carrying radical thereby stopping the chain reaction. 
he antioxidant radical produced by this reaction, even of lesser reactivity, needs to also 

 

 specific oxidants and thus, a network of antioxidants has 
een employed by the cell.  As such, some believe that they act as co-oxidants. 
easurement of plasma glutathione shows that it decreases with aging (Jones, D.P., 

f nutrients on 
ellular lipid peroxidation and antioxidant defense system. Fundamental Appl. Toxicol. 

, it 
 I 

hese 
pproaches have led to little or no effect in enhancing longevity.  Please keep in mind 

S
ever discussion of the prooxidant activity of these same compounds. Unfortunately, 
many experiments have been reported to demonstrate a purported antioxidant reaction of
a substance, but in reality the data only suggest a slight retarding reaction (Barclay, 
L.R. and Vinqvist, M.R. (2000) Do spin traps also act as classical chain-breaking 
antioxidants? A quantitative kinetic study of phenyl tert-butylnitrone (PBN) in solution 
and in liposom
 
Recent studies have shown that many traditional antioxidants can be harmful a
perhaps, even deadly. Antioxidants are classified as either preventative antioxidant
such as peroxide decomposers and metals and as chain-breaking antioxidants, which 
donate a hydrogen atom to
T
be removed. 
 
Nitric oxide can protect cells against the detrimental effects of reactive oxygen 
species by acting as an antioxidant. Using low density lipoprotein as well as model
systems, it has been demonstrated that •NO can serve as a chain-breaking antioxidant to 
blunt lipid peroxidation.  
 
Antioxidants serve to reduce
b
M
Kagan, V.E., Aust, S.D., Reed, D.J. and Omaye, S.T. (1995). Impact o
c
26:1-7), which some believe may indicate that increased levels of EMODs.  However
may indicate that antioxidants decrease in response to decreases in oxidants, which
believe occurs with aging.  
 
 
4.5.2 12.1  Free Radicals and Antioxidants in Aging and Disease 
 
Small molecular antioxidants such as vitamin E and C have been used in attempts to 
modulate the aging process (Yu BP, Kang CM, Han JS, and Kim, DS. (1998) Can 
antioxidant supplementation slow the aging process?  Biofactors.  7:93-101). T
a
that Vit C and E can act as both antioxidants and prooxidants, dependent upon 
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conditions (Podmore ID. (1998) Vitamin exhibits pro-oxidant properties. Nature. 
392:559-559).  Furthermore, in experiments with over expression of MnSOD in 
Drosophila showed that the mean longevity of the transgenic flies was decreased by 4-
5% (Mokett RJ, et al (1999) Overexpression of MN-containing superoxide dismutase in
transgenic Drosophila Melanogaster. Arch Biochem Biophys. 371:2

 
60-269).  

s 
ice liver homogenates, 

atalase activity was decreased, whereas SOD activity measured in homogenates of brain, 
94) 

es during 
ging and in response to food restriction.  Aging Dev. 74:121-133). 

any studies suggest that oxidative damage end products accumulate during the aging 

y, most authors have emphasized the potential damage of oxidation; 
phasize the importance of “EMOD prooxidant protection.” 

ants with Prooxidant Activity 

t agents which can have prooxidant activity are as follows: 

s, β-carotene 
s 

 

arnitine 
xidized form) 

inone 

urcumin (polyphenolic) 
Melatonin 

rooxidants:  
-Reactive oxygen and nit
-Transition m

 
Studies on antioxidant defense changes with aging have not gotten consistent result
or observations.  It is species, strain and tissue specific.   In m
c
heart and kidney from C57BL/6Nina mice showed no clear trend (Sohal, RS. (19
Oxidative damage, mitochondrial oxidants generation and antioxidant defens
a
 
M
process (Yu, BP. (1993) Free Radical in aging.  CRC Press). 
 
Unfortunatel
whereas, I em
 
4.5.3 Antioxid
 
Antioxidan
-Vitamin C 
-Vitamin E 
-Vitamin D 
-Carotenoid
-Polyphenolic
-Gallic acid
-Uric acid 
-Human serum ultrafiltrates 
-DPPD (does not have a phenolic –OH group) 
-Green tea 
-Captopril 
-Pyridoxine 
-Thiamine 
-C
-a-lipoic acid (o
-Dihydro-lipoic acid (reduced form-reduces iron) 
-Coenzyme Q, ubiqu
-NAD(P)H 
-C
-
 
P

rogen species (RONS) (EMODs)  
etals  
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aging’s course has continued unabated, as does 100+ diseases 
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Its transpar re the light 

of single ination 
and its hole-riddled, lifeless corpus is exposed. 
With 20/20 hindsight and with unpredictably 

scrawled all over it, 

R. M. Howes, M.D., Ph.D. 
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. 

OXIDANT STUDIES (Cancer, Arteriosclerosis and 

e 
g 

 

s 36 

-containing proteins and enzymes 

“Following man’s half century 
 of hyped antioxidant supplement consumption,  

attributed to oxygen free radicals. 
gh it offers pseudo-solace to throngs of oxy-mo

dy fa laring
e faux-scientific Free Radical the

ilures, highlight the g

encies have been held befo
t oxygen on illum’s phot

it should have been pronounced 
DOA in the 20th century.” 

12/21/04 
 

 
“The doctor of the future will give no medicine, but will interest his patients in the care
the human frame, in diet and in the cause and prevention of disease.”  Thomas Edison
 
 
4.5.4 SUMMARY OF ANTI

Cataracts) 

Some of the following material is from an article entitled “How to evaluate your 
oxidative stress,” by J. Princemail, Scientific Director, PROBIOX SA – Université de 
Liège, Tour de Pathologie 2ème étage Sart Tilman 4000 Liège, Belgium. Email : 
J.Pincemail@ulg.ac.be and J.Pincemail@probiox.com 

4.5.5 The Oxygen Paradox 
 
The mitochondrial respiratory chain plays a key role in the cell. It is responsible for th
conversion of oxygen to two molecules of water. This direct reduction reaction involvin
four electrons is made possible by a complex system of proteins and enzymes 
(cytochromes) located in the inner membrane of the mitochondrion. The consequences of
this mitochondrial activity are dual and paradoxical. On the one hand, the mitochondrion 
provides the cell with an important source of energy, since oxygen reduction generate
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molecules of adenosine triphosphate, a high-energy compound. On the other hand, about 
0.4 to 4% (figures vary) of the oxygen is not correctly converted to water, because of 
electron leakage resulting from imperfections in the respiratory chain. By reduction 
involving a single electron, oxygen gives rise to reactive oxidative and nitrative species 
(EMODs), among which are free radicals such as the superoxide anion or the hydroxyl 

dical. In chemistry, a free radical is an atom or a molecule whose chemical structure is 

O2) or 
ansition 

mistry 

he vast majority of epidemiological studies indicate that there is a close correlation 

 cell activation is also a very important source of EMODs production. When 
bjected to the action of foreign agents, these cells shift from a quiescent to an activated 

ack 

l 

ukaryotic 
ntly 

that 
ar 

xygen has two unpaired electrons. Thus atomic oxygen is a free radical and molecular 

, 

ra
characterized by the presence of an unpaired electron that makes this chemical species 
much more reactive than the atom or molecule from which it derives. Other, non-radical 
oxygen-containing entities can also be produced, such as hydrogen peroxide (H2
singlet oxygen (1O2). The formation of EMODs can require the presence of tr
metals such as iron or copper, acting as necessary catalyzers throughout the che
of free radicals. 
 
T
between alteration of the organism's antioxidant defenses, an increased level of oxidative 
stress markers, and the development of over 200 different pathophysiologies 
(according to J. Princemail) ranging from atherosclerosis to cancer, AIDS, 
inflammatory disease, diabetes, and aging. It would thus appear that antioxidant 
supplements could be useful in prevention of these pathologies. There is not yet any 
well-established evidence-based medicine in this area. 
 
White blood
su
state, and this results in a 400% increase in their oxygen consumption (figures vary). 
Various enzyme systems convert nearly all the oxygen to EMODs, which may then att
healthy tissues - this is the phenomenon called inflammation. Other mechanisms also 
contribute to massive EMODs production: xanthine oxidase activation, hemoglobin 
oxidation, release of free iron, stepped-up prostaglandin metabolism, and endothelial cel
activation. 
 
The alleged paradox of aerobic life, or the 'Oxygen Paradox', is that higher e
aerobic organisms cannot exist without oxygen, yet oxygen is supposedly inhere
dangerous to their existence. This 'dark side' of oxygen relates directly to the fact 
each oxygen atom has one unpaired electron in its outer valence shell, and molecul
o
oxygen is a (free) bi-radical. Concerted tetravalent reduction of oxygen by the 
mitochondrial electron-transport chain, to produce water, is considered to be a relatively 
safe process; however, the univalent reduction of oxygen generates reactive 
intermediates. The reductive environment of the cellular milieu provides ample 
opportunities for oxygen to undergo unscheduled univalent reduction (Davies KJ. 
Oxidative stress: the paradox of aerobic life. Biochem Soc Symp. 1995;61:1-31).  
 
The following is a quote from K.J. Davies:  “Thus, the superoxide anion radical
hydrogen peroxide and the extremely reactive hydroxyl radical are common products of 
life in an aerobic environment, and these agents appear to be responsible for oxygen 
toxicity. To survive in such an unfriendly oxygen environment, living organisms 
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generate--or garner from their surroundings--a variety of water- and lipid-soluble 
antioxidant compounds. Additionally, a series of antioxidant enzymes, whose role is to 
intercept and inactivate reactive oxygen intermediates, is synthesized by all known 
aerobic organisms. Although extremely important, the antioxidant enzymes and 
compounds are not completely effective in preventing oxidative damage. To deal with th
damage that does still occur, a series of damage removal/repair enzymes, for proteins, 
lipids and DNA, is synthesized. Finally, since oxidative stress levels may vary from tim
to time, organisms are able to adapt to such fluctuating stresses by inducing the synthe
of antioxidant enzymes and damage removal/repair enzymes. In a perfect world 
would end here; unfortunately, biology is seldom so precise. The reality appears to be 
that, despite the valiant antioxidant and repair mechanisms described above, oxidative 
damage remains an inescapable outcome of aerobic existence. In recent years oxidative
stress has been implicated in a wide variety of degenerative processes, disease
syndromes, including the following: mutagenesis, cell transformation and cancer;
atherosclerosis, arteriosclerosis, heart attacks, strokes and ischemia/reperfusion 
injury; chronic inflammatory diseases, such as rheumatoid arthritis, lupus 
erythematosus and psoriatic arthritis; acute inflammatory problems, such as wo
healing; photo-oxidative stresses to the eye, such as cataract; central-nervous
disorders, such as certain forms of familial amyotrophic lateral sclerosis, certain 
glutathione peroxidase-linked adolescent seizures, Parkinson's 

e 

e 
sis 

the story 

 
s and 

 

und 
-system 

disease and 
lzheimer's dementia; and a wide variety of age-related disorders, perhaps even 

ed 

le of scientists accepting the erroneous Free 
adi-Crap theory. A major difficulty with the Free Radi-Crap hypothesis, however, lies 

gy 
reconciled with the 

cute restoration of cardiovascular performance by certain classes of antioxidants.  It 
mage caused by RNS and ROS (EMODs) 

contributes to disease pathogenesis. 

cies RNS) 
e chemical footprints of 

oxidative and nitrosative stress are also normally ubiquitous. 

d scientists to show that RONS at low concentration play an important 
physiological role, acting as second messengers

A
including factors underlying the aging process itself. Some of these oxidation-link
diseases or disorders can be exacerbated, perhaps even initiated, by numerous 
environmental pro-oxidants and/or pro-oxidant drugs and foods. Alternatively, 
compounds found in certain foods may be able to significantly bolster biological 
resistance against oxidants. Currently, great interest centers on the possible protective 
value of a wide variety of plant-derived antioxidant compounds.”  
 
I believe that this is a classic examp
R
in understanding how the salient features of chemical injury and metabolism, which are 
believed to be common across many organ systems, underlie the diverse pathophysiolo
of chronic disease. Irreversible oxidative damage cannot be easily 

 a
remains unclear to what extent the da

 

 
Normal cellular production of EMODs (ROS and/or reactive nitrogen spe
is a ubiquitous feature of human life. Accumulation of th  

 
4.5.6 Good Properties of EMODs 

Our body is constantly producing EMODs. The advent of molecular biology has 
enable

 capable of: 

Page 292 of 931 



- regulating apoptosis, or the programmed suicide of cells evolving towards a 
cancerous state (Curtin JF, Donovan M, Cotter TG. Regulation and measurem
oxidative stress in apoptosis. J Immunol Methods 265:49-72, 2002).  I believe that this is
a very important to f

ent of 
 

act to keep in mind.  It kills or stops the proliferation of neoplastic 
cells. 

idants and oxidants regulated signal transduction pathways. Biochem Pharmacol 
64:765-770, 2002). 

ative 
2-

Ds are produced in excessive amount, they have 
uce apoptosis in healthy cells or activate various genes 

them particularly reactive and capable of inflicting major cell 
damage:  

 in deoxyribonucleic acid (DNA),  
· by inactivating proteins and enzymes,  

sugars (glucose), 
· by inducing lipid peroxidation among the polyunsaturated fatty acids of lipoproteins or 

first 
 

e 
, SOD 

 
Kidd 

arch Group, 1996.). Then, if the stress persists 
and involves massive production of toxic EMODs, SOD is destroyed and its 

 too-high SOD concentration can be 
dangerous, because it leads to overproduction of hydrogen peroxide (paradoxical 

- activating transcription factors (NFkB, p38-MAP kinase…) responsible for 
activating genes involved in the immune response (Owuor ED, Kong AN. 
Antiox

 - modulating the expression of structural genes coding for antioxidant enzymes 
(Holgrem A. Redox regulation of genes and cell function. In: Critical review of oxid
stress and aging. Vol II RG Cutler and H Rodriguez Eds. World Scientific 2003 pp 10
111). 

The alleged drawback is that when EMO
harmful effects because they ind
coding for pro--inflammatory cytokines or adhesion proteins. In addition, their 
unstable nature makes 

· by causing breaks and mutations

· by oxidizing 

of the cell membrane. 

4.5.7 Antioxidant Defenses 

4.5.8 SOD 

The enzyme superoxide dismutase ensures elimination of the superoxide anion, the 
toxic species to be formed from oxygen. SOD thus carries out first-line defense against
oxidative stress. To function correctly, the enzyme requires oligoelements such as 
copper and zinc (Cu-Zn SOD present in the cytosol) or manganese (Mn SOD present 
in the mitochondrion. There also exists an extracellular SOD.  

Low SOD levels may reflect low levels of oligoelements, but there is no absolut
correlation between the former and the latter. In the presence of oxidative stress
shows two different behaviors. First, in response to a moderate level of oxidative stress
(due, e.g., to physical exercise), the organism overexpresses SOD (Levine SA and 
PM. Antioxidant adaptation. Its role in free radical pathology. San Leandro, California. 
Eds A. Biocurrents division, Allergy Rese

concentration drops. Paradoxically, a
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effect of antioxidants).  Actually, I firmly believe that the purpose of SOD is to 
produce H2O2, because it is an excellent second messenger in a vast and increas
number of crucial biochemical events. 

4.5.9 GPx (glutathione peroxidase) 

ing 

The main role of glutathione peroxidase is to remove lipid peroxides.  Like SOD, seleno-

oxidative stress: first the enzyme is overexpressed and then, if the oxidative stress 
he 

ct as 

Thioredoxins are enzymes with intrinsic antioxidant activity, like all proteins 
ey also play a major role in the regulation of the 

immune system. Once oxidized, thioredoxin is reduced by thioredoxin reductase 

 

 strong antioxidant 
activity. In addition, the iron produced via the activity of HO-1 stimulates the synthesis 

antioxidant response (long-term action). Yet, the activity 
of HO-1 can have harmful short-term effects, since iron also acts as a pro-oxidant via 

 

stand a 
hostile environment by prolonging their viability until more favorable conditions prevail. 

n increased level of these proteins should thus be seen as an adaptive response to 
oxidative stress induced by various conditions such as hypo- or hyperthermia, 

etion, ischemia-reperfusion, a viral infection, or physical 
exercise (Kregel KC. Heat shock proteins : modifying factors in physiological stress 

 

dependent glutathione peroxidase behaves in two different ways in the presence of 

persists, it is destroyed. A reduced GPx activity may reflect too little selenium in t
diet.  I find it curious that both SOD and GPx are destroyed, even though they a
catalysts. 

4.5.10 Thioredoxins (TRxR) 

possessing a thiol group (-SH). Th

(TRxR), an enzyme possessing a selenocysteine group in its active site. TRxR also 
intervenes in the degradation of lipid peroxides and hydrogen peroxide and in the
regeneration of ascorbic acid from the ascorbyl radical.  

4.5.11 Heme Oxygenase (HO-1) 

The protective effect of heme oxygenase (HO-1) against oxidative stress is indirect - 
once formed, biliverdin converts to bilirubin, endowed with

of ferritin, also involved in the 

catalysis of EMODs production (Ryter SF and Tyrrell RM. The heme synthesis and
degradation pathways: role in oxidant sensitivity. Heme oxygenase has both pro- and 
antioxidant properties. Free Rad Biol Med 28:289-309, 2000). 

4.5.12 Heat Shock Proteins  

Heat shock proteins (e.g. HSP70) form a family of chaperone proteins playing an 
essential role in protein translocation, stabilization, and assembly. They also intervene in 
repairing oxidative-stress-induced damage to proteins. They enable cells to with

A

acidosis, energy depl

responses and acquired thermotolerance. J Appl Physiol 92:2177-2186, 2002).  
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4.5.13 Carotenoids 

Some carotenoids such as ß- carotene are degraded to, and thus serve as precursors of 
tably plays a key role in visual perception. Most carotenoids and 

vitamin A interact with singlet oxygen and can thus prevent oxidation of several 

ds 
s an 

ns, vitamin C can prevent LDL 
oxidation caused by various EMOD-generating systems (activated neutrophils, 

al cells, myeloperoxidase). An intermediate in its oxidation to 
dehydroascorbic acid is the ascorbyl radical, which plays an essential role in the cascade 

ve-stress--induced propagation of lipid peroxidation. Of all the 
tocopherols, alpha and gamma tocopherol display the most interesting antioxidant 

 A, Baylin A, Spiegelman D, Ascherio A, Campos H. Dietary and 
adipose tissue gamma-tocopherol and risk of myocardial infarction. Epidemiology. 

e (GSH) can interact directly with activated oxygen species, but it mainly 
serves as a substrate of glutathione peroxidase, the enzyme that eliminates lipid 

vitamin A, which no

biological substrates, including polyunsaturated fatty acids.  

4.5.14 Vitamin C 

Vitamin C or ascorbic acid is not synthesized by the organism. Its plasma level depen
strongly on the diet and on changes in hepatic flow (e.g. after physical exercise). It i
excellent EMOD scavenger that can protect biological substrates (proteins, fatty acids, 
DNA) from oxidation. At physiological concentratio

activated endotheli

that regenerates vitamin E from oxidized vitamin E.  

4.5.15 Vitamin E 

The term vitamin E refers to a family of compounds: the tocopherols (alpha, beta, 
gamma, and delta). The hydrophobic character of vitamin E enables it to insert itself into 
lipiproteins and the fatty acids of the cell membraned, where it plays a protective role by 
preventing oxidati

properties (El-Sohemy

13:216-23, 2002). 

4.5.16 Glutathione 

This is a tripeptide that intervenes at various levels to combat oxidative stress. 
Glutathion

peroxides. GSH also plays a role in the expression of genes coding for pro- and anti-
inflammatory proteins. Too-low GSH concentrations lead to a weakened immune 
defense. 

During oxidative stress, GSH is usually consumed. It is thus important to measure the 
level of oxidized GSH (GSSG) and to calculate the GSH/GSSG ratio in order to get a 
more precise idea of the level of oxidative stress. Jones, et al, (Jones DP, Mody VC, 
Carlson JL et al. Redox analysis oh human plasma allows separation of pro-oxidant 
events of aging from decline in antioxidant defenses. Free Rad Biol Med 33:1290-13
2002), recently showed that during aging (above 50)

00, 
 this ratio decreases gradually. It 

also decreases considerably after intense physical exercise as a result of a rise in the 
ione. This reflects the presence of oxidative stress, as described level of oxidized glutath
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previously (Gohil K, Viguie C, Stanley W et al. Blood glutathione oxidation during 
human exercise. J Appl Physiol 64:115-119, 1988).  

4.5.17 Thiol Proteins 

Most proteins possess thiol groups (-SH) that react readily with activated oxygen species. 
as one 

idant properties, it can interact with activated oxygen species and notably with 
the hydroxyl radical. It appears as the most efficient antioxidant in plasma in terms of 

in 

nd 

 
 and 

r 

dy reported in this issue of Stroke examining 2498 
subjects admitted with acute stroke found that the admission serum uric acid also 

e as 

d 

ry and 

 685–690) (Spranger M, Krempien S, Schwab S, Donneberg S, 
Hacke W. Superoxide dismutase activity in serum of patients with acute cerebral 

Because of its abundance; albumin (which possesses thiol groups) can be seen 
of the major antioxidants present in plasma. 

4.5.18 Uric Acid 

In primates, uric acid is the major end product of purine metabolism. Possessing 
antiox

reactivity towards EMODs. Yet, uric acid’s oxidation products (e.g. allantoin) can 
turn readily become oxidized, generating toxic oxygen species, acting as a 
prooxidant. However, this antioxidant is responsible for the pain and swelling of 
gout. 

Experimental studies that demonstrate that uric acid is not inert but may have both 
beneficial functions (acting as an antioxidant) as well as detrimental actions (to 
stimulate vascular smooth muscle cell proliferation and induce endothelial dysfunction). 
Hyperuricemia is associated with hypertension, vascular disease, renal disease, a
cardiovascular events (RJ Johnson; D Kang; D Feig; S Kivlighn; J Kanellis; S 
Watanabe; KR. Tuttle; B Rodriguez-Iturbe; J Herrera-Acosta; M Mazzali. Is There a 
Pathogenetic Role for Uric Acid in Hypertension and Cardiovascular and Renal Disease?
Hypertension. 2003;41:1183). Hyperuricemia was first associated with hypertension
cardiovascular disease in 1879. Reanalysis of the Framingham study concluded that 
hyperuricemia was not an independent risk factor for cardiovascular events afte
controlling for these other associated factors. Hypertension remains the most common 
cause of stroke, and there is increasing evidence that an elevation in uric acid may cause 
primary hypertension. A new stu  

 

independently predicted worse outcome and a higher rate of repeated stroke or 
other cardiovascular event (Weir CJ, Muir SW, Walters MR, Lees KR. Serum urat
an independent predictor of poor outcome and future vascular events after acute stroke. 
Stroke. 2003; 34: 1951–1957). 

However, there is also a potential pathogenetic mechanism to explain why an elevate
serum uric acid at the time of stroke may be injurious. Evidence suggests that acute 
ischemic stroke results in generation of local oxidants that augment local inju  

increase infarct size (Love S. Oxidative stress in brain ischemia. Brain Pathol. 1999; 9: 
119–131). Acute stroke is associated with a rapid decrease in serum antioxidants 
(Gariballa SE, Hutchin TP, Sinclair AJ. Antioxidant capacity after acute ischaemic 
stroke. Q J Med. 2002; 95:
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ischemic injury. Stroke. 1997; 28: 2425–2428)  that recover slowly over the subseq
week.  I believe that the drop in antioxidants following a stroke is related to the fact 
that the body is producing high levels of EMODs in its natural response to 
and in attempts to heal. 

Individuals with lower plasma antioxidants

uent 

injury 

 
, Alho 

i 

n 
. 

g 

s ascorbate are low (Abuja PM. Ascorbate 
prevents prooxidant effects of urate in oxidation of human low density lipoprotein. FEBS 

fall in ascorbate (vitamin C) levels with acute stroke 
could predispose the serum uric acid to take on pro-oxidant properties. Consistent with 

liferation 
roduction 

 

 
dant properties. Like vitamin E, CoQ10 

can inhibit lipid peroxidation (27, 28). It is necessary to study the CoQ10H2/CoQ10 
ONS 
 the 

 at the time of acute stroke have a poorer
outcome (Leinonen JS, Ahonen J-P, Lönrot K, Jehkonen M, Dastidar P, Molnár G
H. Low plasma anti-oxidant activity is associated with high lesion volume and 
neurological impairment in stroke. Stroke. 2000; 31: 33–39). Uric acid is often considered 
an antioxidant and has been shown to scavenge hydrogen peroxide and hydroxyl 
radicals, to block nitrotyrosine formation from peroxynitrite, and to preserve 
extracellular superoxide dismutase.  Several studies suggest that its antioxidant 
properties may have a beneficial role in multiple sclerosis, Parkinson’s disease, and 
Alzheimer’s disease (Hooper DC, Scott GS, Zborek A, Mkheeva T, Kean RB, Koprowsk
H, Spitsin SV. Uric acid, a peroxynitrite scavenger, inhibits CNS inflammation, blood-
CNS barrier permeability changes, and tissue damage in a mouse model of multiple 
sclerosis. FASEB J. 2000; 14: 691–698).  One might therefore expect that having 
elevated uric acid during an acute stroke would be beneficial. However, only 1 small 
study has reported that elevated uric acid is associated with good outcome after a
ischemic stroke (Chamorro Á, Obach V, Cervera Á, Revilla M, Deulofeu R, Aponte JH
Prognostic significance of uric acid serum concentration in patients with acute ischemic 
stroke. Stroke. 2002; 33: 1048–1052), whereas 2 other studies, including the large series 
reported in the current issue, found the opposite.  One explanation is that uric acid, bein
an aqueous antioxidant, can become a pro-oxidant under certain circumstances, 
particularly if other antioxidants such a

Lett. 1999; 446: 305–308). Thus, the 
 

this hypothesis is the observation that in acute stroke, those with high uric acid and low 
ascorbate levels have the worst outcome. 

4.5.19 Coenzyme Q10 and Statins 

Hyperlipidemia drugs (e.g., ciprofibrate and elofibrate) results in the pro
of peroxisomes, an increase in the activity of oxidases and the excessive p
of H2O2. (excerpted from UTOPIA Vol. I). I believe that this prooxidant statin 
activity is the reason that we see presently unexplained benefits from the
use of statins, although I have only seen this in one reference. 

Ubiquinone or coenzyme Q10 (CoQ10) is well known for its vital role in 
mitochondrial energy production. CoQ10, principally in its reduced form ubiquinol-10
or CoQ10H2, also possesses interesting antioxi

ratio in order to evaluate correctly the importance of CoQ10 in protection against R
attack (Lagendijk J, Ubbink JB and Vermaak JH. Measurement of the ratio between
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reduced and oxidized forms of coenzyme Q10 in human plasma as a possible marker of 
oxidative stress. J Lipid Res 37:67-75, 1996).  

As shown by Ghirlanda, et al, (Ghirlanda G, Oradei A, Manto A et al. Evidence of 
plasma CoQ10-lowering effect by HMG-CoA reductase inhibitors: a double-blind, 
placebo-controlled study. J Clin Pharmacol. 33:226-9, 1993), the level of CoQ10 in
the blood is markedly diminished (+/- 40%) 

 
in patients taking statins to 

reduce their cholesterol level. Statins inhibit the enzyme 3-hydroxy-3-

Q10.  This 

n the 

ling 

 

enzyme Q and related compounds 
therapeutically because mitochondrial oxidative damage allegedly contributes to 

mith 
 

nd a 

e was recognized to 
recycle alpha-tocopherol radicals back to the chain-breaking form, vitamin E. Ubiquinone 

h 
s alternative pro- and antioxidant activity. Lysosomal ubiquinone has a 

double function as proton translocator and radical source under certain metabolic 
molecule ubiquinone exerts 

a variety of biological functions. Biofactors. 2003;18(1-4):23-31). 

methylglutaryl coenzyme A (HMG-CoA) reductase, which acts on production of 
mevalonate, a common intermediate in the synthesis of cholesterol and Co
is a very important observation, in that statins are reducing their alleged protective 
antioxidant level of CoQ10.  This is working against itself, according to the theory 
that oxidized LDL is the culprit in atherosclerosis. 

Coenzyme Q is both an essential electron carrier and an important antioxidant i
mitochondrial inner membrane. The reduced form, ubiquinol, decreases lipid 
peroxidation directly by acting as a chain breaking antioxidant and indirectly by recyc
Vitamin E. The ubiquinone formed in preventing oxidative damage is reduced back to 
ubiquinol by the respiratory chain. As well as preventing lipid peroxidation, Coenzyme Q
reacts with other reactive oxygen species, contributing to its effectiveness as an 
antioxidant. There is growing interest in using Co

degenerative diseases. Paradoxically, Coenzyme Q is also involved in superoxide 
production by the respiratory chain, while acting as a prooxidant. (James AM, S
RA, Murphy MP. Antioxidant and prooxidant properties of mitochondrial Coenzyme Q.
Arch Biochem Biophys. 2004 Mar 1;423(1):47-56).  Thus, we find another important 
antioxidant which can serve as a prooxidant. 

The chemistry of ubiquinone allows reversible addition of single electrons and protons. 
This unique property is used in nature for aerobic energy gain, for unilateral proton 
accumulation, for the generation of EMODs involved in physiological signaling a
variety of pathophysiological events. Ubiquinone is also considered to play a major role 
in the control of lipid peroxidation, since this lipophilic biomolecul

is therefore a biomolecule which has increasingly focused the interest of many researc
groups due to it

conditions. (Nohl H, Staniek K, Kozlov AV, Gille L. The bio

Any compound with quinone-type structure is suspect as a source of superoxide 
radical anion. 

4.5.20 Parkinson’s Disease and Ubiquinone 
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Parkinson's disease is the second most common neurodegenerative disorder after 
Alzheimer's disease affecting approximately1% of the population older than 50 years.
There is a worldwide increase in disease prevalence due to the increasing age of human 
populations. A definitive neuropathological diagnosis of Parkinson's disease requires
of dopaminergic neurons in the substantia nigra and related brain stem nuclei, and the 
presence of Lewy bodies in remaining nerve cells. The contribution of genetic factors to 
the pathogenesis of Parkinson's disease is increasingly being recognized. A point 
mutation which is sufficient to cause a rare autosomal dominant form of the disorder has 
been recently identified in the 

 

 loss 

-synuclein gene on chromosome 4 in the much more 
common sporadic, or 'idiopathic' form of Parkinson's disease, and a defect of complex I 
of the mitochondrial respiratory chain was confirmed at the biochemical level. 
Disease specificity of this defect has been demonstrated for the parkinsonian substantia 
nigra. These findings and the observation that the neurotoxin 1-methyl-4-phenyl-1,2,3, 6-

ia 
tics of 

-lipid enzyme 
, 

10, CoQ10) and transition metal compounds 
(iron-sulfur clusters, hemes, protein-bound copper).  

.6. 

 

in 
l 

ct 
ys dopaminergic neurons 

in the substantia nigra. Although the serum levels of CoQ10 is normal in patients with 
, CoQ10 is able to attenuate the MPTP-induced loss of striatal 

opaminergic neurons (M. Ebadi, P. Govitrapong, S. Sharma, D. Muralikrishnan, S. 
d 
-4. 

rom 
fect 

ia, as well 

tetrahydropyridine (MPTP), which causes a Parkinson-like syndrome in humans, acts v
inhibition of complex I, have triggered research interest in the mitochondrial gene
Parkinson's disease. Oxidative phosphorylation consists of five protein
complexes located in the mitochondrial inner membrane that contain flavins (FMN
FAD), quinoid compounds (coenzyme Q

These enzymes are designated complex I (NADH:ubiquinone oxidoreductase, EC 1
5.3), complex II (succinate:ubiquinone oxidoreductase, EC 1.3.5.1), complex III 
(ubiquinol:ferrocytochrome c oxidoreductase, EC 1.10.2.2), complex IV 
(ferrocytochrome c:oxygen oxidoreductase or cytochrome c oxidase, EC 1.9.3.1), and
complex V (ATP synthase, EC 3.6.1.34).  

A defect in mitochondrial oxidative phosphorylation, in terms of a reduction in the 
activity of NADH CoQ reductase (complex I) has been reported in the striatum of 
patients with Parkinson's disease. The reduction in the activity of complex I is found 
the substantia nigra, but not in other areas of the brain, such as globus pallidus or cerebra
cortex. Therefore, the specificity of mitochondrial impairment may play a role in the 
degeneration of nigrostriatal dopaminergic neurons. This view is supported by the fa
that MPTP generating 1-methyl-4-phenylpyridine (MPP+) destro

Parkinson's disease
d
Shavali, L. Pellett, R. Schafer, C. Albano, Josh Eken. Ubiquinone (Coenzyme Q10) an
Mitochondria in Oxidative Stress of Parkinson's Disease. Neurosignals, Vol. 10, No 3
2001). I believe that this may indicate a deficit of dopamine and its consequent 
production of EMODs as the basis for Parkinson’s disease. 

4.5.21 Carvedilol 
 
A study is presented on the interaction of carvedilol with mitochondria isolated f
several rat organs. It is shown that carvedilol causes a moderate uncoupling ef
under non-phosphorylating succinate supported respiration of intact mitochondr
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as a marked inhibition of coupled respiration with NAD-dependent substrates. The 
inhibitory effect was also found in the bovine heart purified Complex I as well as in 
experiments with mitochondrial particles, where the individual redox segme
respiratory chain were analyzed. It is also shown that carvedilol, though exhibiting an 
intrinsic scavenger activity, caused

nts of the 

 reactive oxygen species to be produced as a 
onsequence of its inhibitory effect on the steady-state respiration. Under these 

ber 
. pp. 251 – 258).   

 
tive phosphorylation from the ETC, 

increases the production of EMODs. Thus, it appears that EMODs are normally produced 
, 

4.5.22 Tests for Total Antioxidant Capacity 

These tests should be interpreted with extreme caution, because they often reflect 
ic acid (or albumin), which is the antioxidant reacting most 

readily with EMODs. Each method has its limitations, and according to the method 

. 

e against 

oxicity was first described in range animals in the western United States in the 
1930's which consumed "selenium accumulator" plants of the genus Astragalus, 

 

c
conditions the pro-oxidant activity of carvedilol appears to prevail over its 
scavenging activity, and a net generation of EMODs is promoted (Tiziana Cocco, 
Giuseppe Cutecchia, Grazia Montedoro and Michele Lorusso. The Antihypertensive 
Drug Carvedilol Inhibits the Activity of Mitochondrial NADH-Ubiquinone 
Oxidoreductase. Journal of Bioenergetics and Biomembranes. Issue: Volume 34, Num
4, August 2002

I interpret this to mean that uncoupling of oxida

by a functional coupled respiration which supplies adequate levels of EMODs; however
injuries such as uncoupling stimulate even more EMODs to be produced.  This is 
reminiscent of the situation in which hyperoxia increases EMODs production, just as 
does hypoxia. 

the blood level of ur

chosen the total antioxidant capacity may be over- or underestimated, or it might 
not even correlate with the level of oxidative stress

4.6 Oligoelements 

4.6.1 Selenium 

This oligoelement is not itself an antioxidant, but it participates in defens
EMODs as a co-factor of glutathione peroxidase.  

Selenium (Se) and many of its compounds are among the most toxic of nutrients. 
Selenium t

Xylorrhiza, Oonopsis, and Stanleya. Selenites and selenates from the soil accumulate in
these plants primarily as methylated selenium compounds and plants evolve 
dimethyldiselenide and dimethylselenide. Dietary selenium, primarily as 
selenomethionine and selenocysteine for humans fulfill the dietary requirement for 
selenoenzymes and proteins. In humans and animals excessive dietary selenium may 
be toxic.  
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In vitro, selenium compounds such as selenite, selenium dioxide and diselenides re
with thiols, such as glutathione, producing superoxide and other reactive oxygen 
species. This catalytic reaction of selenium compounds with thiols likely accounts for 
selenium toxicity to cells ex vivo and in vivo where the major glutathione producing 
organ, the liver, is also the major target organ of selenium toxicity. Selenium enzyme
and selenoethers that do not readily form a selenide (RSe-) anion and compounds such a
Ebselen where selenium is sequestered, are not toxic. Methylation of selenium by 
plants and animals serves to detoxify selenium by generating methylselenides. 
Alternatively, full reduction of Se to elemental selenium (Se0) as done by some 
bacteria and the formation of heavy metal selenides such as Ag2Se or

act 

s 
s 

both 

 Hg2Se, results in a 
non-catalytic non-toxic form of selenium. This catalytic prooxidant attribute of some 

ds appears to account for its toxicity when such activity exceeds plant 
and animal methylation reactions and antioxidant defenses. This prooxidant activity 

l 

 and 

nt is one of the essential co-factors of SOD. Yet like iron and as a 
transition metal, copper plays a major role in triggering reactions leading to RONS 

Blood zinc, copper and magnesium in aging. A study in healthy home-
living elderly. Panminerva Med. 42:273-7, 2000).  

 the long 
s. Zinc also protects the 

iol groups of proteins, and can partially inhibit RONS-generating reactions induced by 

w density 
., 

selenium compoun

may also account for cellular apoptosis and may provide a useful pharmaceutica
application for selenium compounds as antibacterial, antiviral, antifungal and 
anticancer agents (Spallholz JE. Free radical generation by selenium compounds
their prooxidant toxicity. Biomed Environ Sci, 1997 Sep, 10:2-3, 260-70). This is one of 
the better write ups on selenium, so I included the abstract verbatim. 

4.6.2 Copper 

This oligoeleme

production. An excessive copper concentration may thus reflect the presence of 
oxidative stress. Several studies have shown an increase in the serum level of copper 
during aging (Del Corso L, Pastine F, Protti MA, Romanelli AM, Moruzzo D, Ruocco 
L, Pentimone F. 

4.6.3 Zinc 

This oligoelement is one of the essential co-factors of SOD. Zinc intake leads in
term to induction of antioxidant proteins such as metallothionein
th
iron or copper.  

The antioxidants that are carried in lipoproteins would have anomalous behavior 
attributable to their metabolism, ability to be internalized by arterial cells, and the 
presence of oxidative systems that could render them prooxidants (Parthasarathy, S., 
Santanam, N., Ramachandran, S. and Meilhac, O.  Oxidants and antioxidants in 
atherogenesis:  an appraisal.  J Lip Res 1999; 40: 2143-2157).   
 
Although I do not accept it yet, it is now generally accepted that oxidation of lo
lipoprotein (LDL) plays a significant pathogenic role in atherosclerosis (Steinberg, D
Parthasarathy, S., Carew, T.E., Khoo, J.C. and Witztum, J.L.  Beyond cholesterol:  
modifications of low-density lipoprotein that increase its atherogenicity.  N Engl J Med 
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1989; 320: 915-924) (Pathasarathy, S., Santanam, N. and Auge, N.  Oxidized low-densit
lipoprotein, a two-faced Janus in coronary artery disease?  Biochem Pharmacol 1998; 56: 
279-284).  More than 1000 papers dealing directly or indirectly with the oxidation o
LDL were published between January 1991 and the end of 1998.  More details, 
supporting circumstantial evidence, and interpretations have been added to the 
hypothesis, and yet, the hypothesis is currently at an impasse.  Little, if any, has 
changed during the past 

y 

f 

few years to clarify whether antioxidants prevent the progression 
f atherosclerotic lesions in humans.  Despite a recent article sponsored by the American 

:  

ngly 

son, 

 in 

 
rs.  N Engl 

itamin E 
upplementation and cardiovascular events in high-risk patients:  the Heart Outcomes 

154-160) (Dietary 

io della 

 population of people with 
stablished coronary heart disease (CHD) or at high risk of CHD.   

et me restate this important data without all of the reference clutter: 
ingly 

that ne tene nor vitamin E alone or in combination with other 
ntioxidant vitamins, reduces the risk of fatal or nonfatal infarction (or other hard 

y 

o
Heart Association concurring that there is no conclusive evidence to suggest that a 
daily supplement of antioxidant nutrients can prevent atherosclerosis (Tribble, D.L. 
AHA Science Advisory.  Antioxidant consumption and risk of coronary heart disease
emphasis on vitamin C, vitamin E and beta-carotene:  a state for healthcare professionals 
from the American Heart Association.  Circulation 1999; 99: 591-595), claims of 
beneficial actions of antioxidants have increasingly left both the public and the medical 
professionals confused. 
 
Several large-scale, double-blind, placebo-controlled trials have shown convinci
that neither β-carotene (Omenn, G.S., Goodman, G.E., Thornquist, M.D., et al.  Effects 
of a combination of beta-carotene and vitamin A on lung cancer and cardiovascular 
disease.  N Engl J Med 1996; 334: 1150-1155) (Hennekens, C.H., Buring, J.E., Man
J.E., et al.  Lack of effect of long-term supplementation with beta-carotene on the 
incidence of malignant neoplasms and cardiovascular disease.  N Engl J Med 1996; 334: 
1145-1149) (Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study Group.  The 
effect of vitamin E and beta-carotene on the incidence of lung cancer and other cancers
male smokers.  N Engl J Med  1994; 330: 1029-1035) nor vitamin E alone (Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study Group.  The effect of vitamin E and
beta-carotene on the incidence of lung cancer and other cancers in male smoke
J Med 1994; 330: 1029-1035) (Yusuf S., Dagenais, G., Pogue, J. Et al.  V
s
Prevention Evaluation Study Investigators.  N Engl J Med 2000; 342: 
supplementation with n-3 polyunsaturated fatty acids and vitamin E after myocardial 
infarction:  results of the GISSI-Prevenzione trial.  Gruppo Italiano per lo Stud
Sopravvivenza nell’Infartomiocardico.  Lancet  1999; 354: 447-455) or in combination 
with other antioxidant vitamins, reduces the risk of fatal or nonfatal infarction (or 
other hard clinical end points) in an unselected
e
 
L
Several large-scale, double-blind, placebo-controlled trials have shown convinc

ither β-caro
a
clinical end points) in an unselected population of people with established coronar
heart disease (CHD) or at high risk of CHD.   
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4.7 Statins:  Blockage by Vitamin E and Statins Do Not Block Heart Valve 
Narrowing 

 

apy 

se.  

 use was 
premature. 

 that Lipitor failed to 
prevent obstructions that can keep the heart from pumping blood adequately. 

 
 

toms 
alve. 

n a 

heart arteries caused by heart disease. After a little more than two years, the team led by 

cholesterol concentrations," the Cowell team concluded. 

The study was funded in part by an educational award from Pfizer, a grant from the 
tland. 

na 
 

unction. 
) 

 and 

Certainly there is no basis for recommending vitamin E supplementation to patients 
with CHD, primarily because it may blunt the effectiveness of hypolipidemic ther
with statins and niacin (Brown, B.G., Xue-Qiao, Z., Chait, A. et al.  Simvastatin and 
niacin, antioxidant vitamins, or the combination for the prevention of coronary disea
N Engl J Med  2001; 345: 1583-1592).  A surprisingly large fraction of cardiologists 
(≈40%) have been recommending such regimens despite warnings that this

The popular cholesterol-reducing drug Lipitor made by Pfizer does not prevent 
obstruction of the heart valve that leads to the aorta, the body's largest artery, 
according to recent findings published in the New England Journal of Medicine. In a 
study conducted to determine whether the drug, also known under its generic name 
atorvastatin, did more than just reduce cholesterol, doctors found

The condition, known as calcified aortic stenosis, occurs when a key heart valve narrows
or becomes blocked, preventing the heart from pumping blood properly and can manifest
itself in spite of reductions of cholesterol levels, according to the study. Aortic stenosis 
affects 3 percent of adults over 75, making it the most common valve defect in North 
America and Europe and occurs gradually over several decades. By the time symp
appear, surgery is typically needed to repair or replace the v

As part of the study, 155 volunteers with signs of calcified aortic stenosis were give
placebo or Lipitor, which like other drugs known as statins slow the narrowing of small 

Joanna Cowell of Royal Infirmary in Edinburgh found that the drug brought cholesterol 
levels down as expected but produced no real improvement as far as obstructions are 
concerned. "Aortic stenosis progresses despite intensive reductions in serum 

British Heart Foundation and the Welcome Trust Clinical Resource Facility in Sco

In an editorial in the New England Journal of Medicine, Raphael Rosenhek of the Vien
General Hospital in Austria agreed, saying that prescribing statins "is not justified"
unless a patient has another, more established reason for taking the medicine.  

4.7.0 Antioxidant Action and Immunosuppression of Statins 

There is an assumption that oxidative stress mediates atherosclerotic dysf
EMODs including superoxide (O2.-), hydroxyl radical (OH.), hydrogen peroxide (H2O2
and peroxynitrite (ONOO-) have oxidative property and contribute to oxidative stress. 
Normal endothelial function is characterized by a dynamic balance between NO
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other oxidants. As a scavenger of superoxide anions, the potent vasodilator and 
antioxidant NO antagonizes the vasoconstrictive properties of the EMODs. Thu
statins possess antioxidant properties by increasing the NO bioavailability, by 
reducing lipid peroxidation (Wilson SH, Simari RD, Best PJ, Peterson TE, Lerman
Aviram M, et al. Simvastatin preserves coronary endothelial function in 
hypercholesterolemia in the absence of lipid lowering. Arterioscler Thromb Vasc Biol 
2001;21:122-8) and EMODs production.(Wassmann S, Laufs U, Baumer AT, Muller K, 
Ahlbory K, Linz W, et al. HMG-CoA reductase inhibitors improve endothelial 
dysfunction in normocholesterolemic hyperten

s, 

 LO, 

sion via reduced production of reactive 
oxygen species. Hypertension 2001;37:1450-7) One recent study (Shishehbor MH, 

rough 
nclude 

. 

i-inflammatory actions. 

itro 

 seen in the adult 
human cardiac and renal transplant patients (Journal of Surgical Research. Vol. 69, No. 2, 

 JSR 5107 / 6n20$$$181 06-02-97 13:05:48 srga 
 

 
sis. 

4.7.1 Vitamin E, Cardiovascular Risk and Cancer 

 than 

tect you from cancer or heart 
disease, according to a study on 7,030 patients in the Journal of the American Medical 

ly 

t 
rly 40,000 healthy women showed no heart 

Brennam ML, Aviles RJ, Fu X, Penn MS, Sprecher DL, et al. Statins promote potent 
systemic antioxidant effects through specific inflammatory pathways. Circulation 
2003;108:426-31) suggested that statins promote systemic antioxidant effects th
the suppression of distinct oxidation pathways. The major pathways inhibited i
myeloperoxidase-derived and nitric oxide-derived oxidants, implicated in atherogenesis
Most importantly, this study suggested that these effects were largely independent of 
lipid-lowering and ant

The mechanisms of these immunosuppressive effects of statins are not known. In v
studies with HMG-CoA reductase inhibitors at high doses reveal their ability to sup- 
press natural killer (NK) cells, to inhibit chemotaxis by monocytes, and to inhibit 
antibody-dependent cellular cytotoxicity. It is not clear, however, which of these 
mechanisms, if any, are responsible for the improvement in outcomes

pg. 394, May 1997).  

With long-term survival, following renal transplantation, the duration rather than the
intensity of immunosuppression becomes more critical and strongly influences the risks
of other complications, including malignancies (skin), bone disease, and atherosclero
I believe that this illustrates the fact that atherosclerosis and cancer are held in 
abeyance by our immune system through prooxidant protection. 

"In conjunction with its lack of efficacy, the potential for harm suggested by our 
findings strongly supports the view that vitamin E supplements should not be used 
in patients with vascular disease or diabetes mellitus," said the study by Canada' s 
McMaster University and Hamilton Health Sciences Corp. The study, released on May 
17, 2005, involved about 7,000 patients with diabetes or cardiovascular disease other
heart failure.  

Taking regular vitamin E supplements probably won't pro

Association (Vol. 293, No. 11: 1338-1347, 2005). In fact, high doses appear to actual
raise the risk of heart failure, researchers reported.  The study isn't the first to find no 
overall cancer or heart benefits from vitamin E, but some experts say it may be the las
word on the subject.  Research on nea
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benefits from vitamin E pills and a study reported in November at the American Hear
Association found that people taking high doses of vitamin E were 10% more likel
die of any cause than those taking smaller amounts.   

In an editorial published with the study, University of Washington professors B. Greg 
Brown, MD, PhD, and John Crowley, PhD, say the work "effectively closes the door" 
on the idea that vitamin E will be of major benefit in preventing cancer or heart
disease (narrowing of the arteries).  

t 
y to 

 

Brown is a professor in the division of cardiology at the university's medical school. 
 

 
 nearly 

ent heart disease or cancer, but this has 
proven to be a false hope." 

lthough it is unclear how vitamin E pills might be linked with heart failure, some 
researche rally 
occurring antioxidants.  I be t of the century.  In my 
opinion, antioxidants defin Ds functioning, 
especially as the interfer  tissues, such as those 
of the cardiac and vascu n cautioning against 
he injudicious use of antioxid

 known as HOPE-TOO, followed nearly 4,000 people 55 and older, taking 
400 milligrams of vitamin E/day, for more than seven years. The participants were all 

g heart 
ies 

and 

Crowley is a professor of biostatistics at the university's School of Public Health and
Community Medicine and a member of the department of cancer research and 
biostatistics at Fred Hutchinson Cancer Research Center, in Seattle.  The new research,
they said, will give patients a definitive answer to questions about vitamin E:  "In
68,000 patients studied to date, there is no compelling evidence that higher doses of 
vitamin E reduce cardiovascular risk or cancer," they wrote. "You may hear that 
vitamin E is a 'natural,' yet effective way to prev

A
rs theorized that high doses might disturb the balance of beneficial, natu

lieve that this is the understatemen
itely MO interfere with natural E

ence relates to high oxygen consuming
lature systems.  I have personally bee

t ants for years. 

 
 

“Increasingly, the pharmaceuticide-wolf is dressed in the 
sheep-white lab coat of the 

modern physician,  
who shepards his sickly-flock.” 

R. M. Howes, M.D., Ph.D. 
 
 
4.7.2 No Difference in Cancer Cases or Deaths 

The study,

at high risk of heart disease because of diabetes, circulation problems, or other factors. 
They were assigned to take either 400 IU (international units) of vitamin E or a dummy 
pill.  The researchers examined overall cancer cases and deaths and found no significant 
differences between the two groups and a 13% greater chance of developin
failure that those on placebo.  Then they looked at specific cancers that previous stud
suggested might be helped by vitamin E: prostate, lung, oral, colorectal, breast, 
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melanoma. Even for these cancers, no significant difference was seen between the 
groups.   

When the researchers examined heart disease, they found no differences between the 
groups for heart attacks, stroke, unstable angina, and several other types of hea
problems. However, people on vitamin E were more likely to develop heart failure.  
I believe that this is extremely important in that vitamin E did not curtail 
atherosclerotic disease but it, in fact, made heart failure worse.  No other study of 
vitamin E has looked at heart failure; the researchers suggest reviews of previous 
research be done to look for similar links.  Despite the disappointing results of this stud
for cancer and heart disease overall, Brown and Crowley note that vitamin E hasn't been 
ruled out co

rt 

y 

mpletely as a helpful substance for some very specific conditions.  The 
ongoing SELECT trial, for instance, will help answer whether vitamin E and selenium 

ific 
n 

over 
almost 80 million) use 

supplements containing some amount of vitamin E, according to the industry.  The 

ir 
 

of 

on 

 the 
lpha-

f 

 the 

 both in human plasma and LDL. In vivo, in the 
resence of high concentrations of co-antioxidants and under mild oxidative 

n antioxidant. This 
ntioxidant activity is also expected to prevail under strong oxidative conditions 

can protect men against prostate cancer.  Vitamin E may also help people with age-
related macular degeneration, a condition that can cause blindness, and with a spec
type of kidney problem.  Nevertheless, they said, patients shouldn't ignore other, prove
methods of preventing disease in favor of vitamin E.  About 12% of U.S. adults (
20 million people) take vitamin E pills and about 49% (

recommended dosage of vitamin is 15 milligrams/day for adults, which can be obtained 
in the diet. 

It appears to me that the oxy-morons are an insular group, who can not accept the 
inaccuracies of their predictions and who are stuck with the limitations of the
imaginations.  They need to rid themselves of the burdens of the erroneous Free
Radi-Crap theory and open their minds toward the beneficent sufficiency of 
electronically modified oxygen derivatives (EMODs).   

Alpha-Tocopherol is a classical lipophilic antioxidant well known as a scavenger 
free radicals in a hydrophobic milieu. However, it can develop both anti- and 
prooxidant activity in isolated low density lipoprotein (LDL). It is unknown how 
these activities are balanced in vivo in human plasma. Alpha-tocopherol supplementati
decreased plasma and LDL oxidizability under strong oxidative conditions when 
oxidation was initiated by high amounts of Cu2+ or 2,2'-azobis-(2-amidinopropane) 
hydrochloride (AAPH). The effect was independent of the presence of ascorbate in
samples. Under conditions of mild oxidation by low amounts of Cu2+ or AAPH, a
tocopherol supplementation decreased plasma oxidizability only in the presence o
physiological amounts of ascorbate. A prooxidant effect of alpha-tocopherol was 
found under mild oxidative conditions in highly diluted (150-fold) plasma and in 
isolated LDL. These results indicate that the level of oxidative stress and concentration 
of co-antioxidants, such as ascorbate, capable of regenerating alpha-tocopherol in
oxidizing lipoprotein particle, appear to represent major factors determining alpha-
tocopherol activity towards oxidation
p
conditions, alpha-tocopherol should normally behave as a
a
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independently of the presence of co-antioxidants but it may evolve into prooxidant, 
when the co-antioxidants are exhausted under conditions of mild oxidation. It remains 
be shown whether such a transformation is physiologically relevant and can occur in viv
(Kontush A, Finckh B, Karten B, Kohlschutter A, Beisiegel U. Antioxidant and 
prooxidant activity of alpha-tocopherol in human plasma and low density lipoprotein. J
Lipid Res. 1996 Jul;37(7):1436-48). 
 
4.7.3 Origins of the Oxidative Modification Hypothesis 
 
The concept that circulating LDL must undergo some kind of structural modifi
before it becomes fully proatherogenic was put forward originally by the Brown and 
Goldstein laboratory (Brown, M.S. and Goldstein, J.L.  Lipoprotein metabolism in 
macrophage:  implications for cholesterol deposition in atherosclerosis.  Annu Rev 
Biochem 1983; 52: 223-261).  Reportedly, they discovered that the macrophage, the 
precursor of the cholesterol-loaded foam cell, took up native LDL at a ra
to load the cell with cholesterol.  They also pointed out that patients totally lacking the 
native LDL at a rate insufficient to load the cell with cholesterol.  They also pointed out 
that patients totally lacking the native LDL receptor, nevertheless, accumulate large 
amounts of cholesterol in their macrophages.  Therefore, they postulated tha
modifications of LDL must occur, leading to uptake of the modified forms through 
receptors other than th

to 
o 

 

cation 

the 

te insufficient 

t 

e classic LDL receptor, which they termed “scavenger 
eceptors.”  Goldstein, et al, identified the first of these scavenger receptors, the acetyl 

ed in Krieger’s laboratory and remained scavenger 
eceptor A (Kodama, T., Reddy, P., Kishimoto, C. et al.  Purification and 

 Sci 

 

e 

 
x 

nt trapper of singlet oxygen but much less effective at terminating free radical 
hain reactions; the reverse is true of vitamin E.  In the context of a complex biological 

 as 
 

e 
e 

nts differ greatly, and until we know where 
nd how LDL is oxidatively modified in vivo, we have no way to predict which 

e most effective, if 

r
LDL receptor, which was later clon
r
characterization of a bovine acetyl low density lipoprotein receptor.  Proc Natl Acad
USA 1988; 85: 9238-9242).  Subsequently, several other scavenger receptors have been 
identified.  The fundamental correctness of this concept of LDL modification is now
supported by many lines of evidence.  Any scheme for the pathogenesis of 
atherosclerosis must include one or more modified forms of LDL and macrophag
receptor(s) for them.   
 
4.7.4 Antioxidant “Lumping” 
 
Antioxidants could be looked on as a class of compounds sharing certain common 
properties and that they would be functionally more or less interchangeable.  There may
be some justification for such “lumping” when dealing with simple in vitro redo
systems, although there are some striking differences.  For example β-carotene is an 
excelle
c
system, such “lumping” becomes indefensible.  This “lumping” of antioxidants is
incorrect and misleading as the lumping of reactive oxygen species.  For example,
vitamin C is water-soluble, readily absorbed, and transported in the aqueous phase of th
plasma, vitamin E is lipid-soluable, poorly absorbed, and transported in lipoproteins.  Th
pharmacodynamics of the various antioxida
a
antioxidant, at what dosage and administered by what route, would b
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at all. 

 
 

tabolized. 

e 

s 

let us evaluate 
e efficacy of any given antioxidant intervention, and we lack criteria for rational 

er high oxidative stress.  Until we have such basic information, 
e should put a hold on further clinical trials.  Instead, we should concentrate on 

d to date 
fute the hypothesis?  Circulation 2002; 105: 2107-2111).  Actually, I believe that with 

r 
 

. 

et.  
d 

utr 

al 
t:  

), 2) 

atory molecules), 3) can have antioxidants properties which are well above 
hat is seen with vitamin A, 4) can activate the expression of genes which encode the 

he 

 
It should be noted that in the absence of an appropriate coantioxidant, such as 
vitamin C, vitamin E can, “paradoxically,” act as a prooxidant (Stocker, R.  The 
ambivalence of vitamin E in atherogenesis.  Trends Biochem Sci 1999; 24: 219-223). 
We have much to learn about the very different available antioxidant compounds, how
they work, and how they are me
 
4.7.5 Alpha-Tocopherol Antioxidant and Prooxidant Activity 
 
Mice and men differ notably with respect to the rate at which they produce fre
radicals.  The rate of free radical generation per unit of body weight is believed to 
be multifold higher in small animals, reflecting their higher metabolic rate.  A
discussed above, it is still unknown how oxidation of LDL occurs in vivo, but it is 
reasonable to assume that it is somehow proportional to the rate of generation of free 
radical oxygen species (ROS). 
 
Not knowing how LDL is oxidized in vivo, we cannot be certain which antioxidants are 
likely to be most effective, if at all effective.  We lack markers that would 
th
selection of patients und
w
developing the scientific base that will enable us to design an appropriate trial to test the 
oxidation hypothesis (Steinberg, D. and Witztum, J.L.  Is the oxidative modification 
hypothesis relevant to human atherosclerosis?  Do the antioxidant trials conducte
re
such a “cloud of confusion” surrounding reactive oxygen species, free radicals and 
antioxidants, that the current data is marginally meaningful, at best. 
 
4.7.6 Carotenoids 
 
Carotenoids are natural pigments which are synthesized by plants and are responsible fo
the bright colors of various fruits and vegetables.  There are several dozen carotenoids
in the foods that we eat, and most of these carotenoids have antioxidant activity
 
Of the over 600 carotenoids found in nature, about 40 are present in a typical human di
Of these carotenoids, only 14 and some of their metabolites have been identified in bloo
and tissues (Gerster, H.  The potential role of lycopene for human health.  J Am Coll N
1993; 16: 109-126).  Many epidemiologic studies have associated high carotenoid 
intake with a decrease in the incidence of chronic disease.  However, the biologic
mechanisms for such protection are currently unclear.  Multiple possibilities exis
certain carotenoids 1) can be converted to retinoids (i.e., have provitamin A activity
can modulate the enzymatic activities of lipoxygenases (proinflammatory and 
immunomodul
w
message for production of protein, connexin 43, which is an integral component of t
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gap junctions required for cell communication.  Such gene activation is not associated 
with antioxidant capacity and is independent of pro-vitamin A.  On the other hand, it 
should be recognized that carotenoids in the epidemiologic studies might have 
serving as markers for other protective factors in fruits and vegetables, but were
acting as effective agents themselves.  Also, I believe that we must consider the 
possibility that carotenoids produce their beneficial effects through prooxidant 
mechanisms. 
 
The antioxidant actions of carotenoids are based on their singlet oxygen quenching 
properties and their ability to trap peroxyl radicals (Stahl, W. and Sies, H.  Lycopene: 
biologically important carotenoid for humans?  Arch Biochem Biophys 1996; 336: 1-
I believe that this ability to trap singlet oxygen is the primary reason that 
carotenoids have been seen to increase the incidence of cancer and worsen 
cardiovascular diseases.    The best documented antioxidant action of carotenoids is 
their ability to quench singlet oxygen.  This results in an excited carotenoid, which has 
the ability to dissipate newly acquired energy through a series of rotational and 
vibrational interactions with the solvent, thus regeneratin

been 
 not 

 a 
9).  

g the original unexcited 
arotenoid, which can be reused for further cycles of singlet oxygen quenching.  The 

 

ky, 
ed 

his 
ids with 

eroxyl radicals may proceed via an unstable β-carotene radical adduct.  Carotenoid 
cted to 

al 

r 

 Biochem Biophys Acta 1997; 1336: 575-586). 

L oxidation, 
ex 

m 

c
quenching activity of a carotenoid mainly depends on the number of conjugated 
double bonds of the molecule and is influenced to a lesser extent by carotenoid end 
groups (cyclic or acyclic) or the nature of substituents in carotenoids containing cyclic
end groups.  Lycopene (eleven conjugated and two nonconjugated double bonds) is 
among the most efficient singlet oxygen quenchers of the natural carotenoids (Krins
N.I.  Overview of lycopene, carotenoids, and disease prevention.  Proc Soc Exp Biol M
1998; 218: 95-97).  The prevention of lipid peroxidation by carotenoids has been 
suggested to be mainly via singlet oxygen quenching. 
 
β-Carotene is also scavenger of peroxyl radicals, especially at low oxygen tension.  T
activity may be also exhibited by others carotenoids.  The interaction of caroteno
p
adduct radicals have been shown to be highly resonance stabilized and are predi
be relatively unreactive.  They may further undergo decay to generate nonradic
products and may terminate radical reactions by binding to the attacking free radical.  
Carotenoids act as antioxidants by reacting more rapidly with peroxyl radicals than 
do unsaturated acyl chains.  In this process, carotenoids are destroyed (Woodal, A.A., 
Britton, G. and Jackson, M.J.  Carotenoids and protection of phospholipids in solution o
in liposomes against oxidation by peroxyl radicals:  relationship between carotenoid 
structure and protective ability. 
 
Shaish, et al, showed that probucol (a strong antioxidant) protected LDL from 
oxidation in vitro and inhibited atherosclerotic lesion formation in the aortas of 
hypercholesterolemic rabbits.  In contrast, tocopherol modestly inhibited LD
but did not prevent atherosclerosis.  While β-carotene had no effect on LDL oxidation 
vivo, the all trans isomer inhibited atherosclerotic lesion formation to the same degree as 
probucol.  These results suggest that metabolites derived from all-trans-β-carotene 
can inhibit atherosclerosis in rabbits on high cholesterol diets, but the mechanis
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may not be by antioxidation. 
 
Some studies failed to demonstrate any carotenoid protective effect against 
tumorigenesis.  For example, supplementation of the diet with β-carotene did not 
protect Sencar mice from 7,12-dimethylbenz[a]anthracene-initiated, 12-O-
tetradecanoylphorbol-13-acetate-promoted, two-stage skin induced tumors (Lambert, 
L.A., Koch, W.H., Warner, W.G. and Kornhauser, A.  Antitumor activity in skin of SKh 

d 
t twice as frequent in hamsters fed 

e high β-carotene diet than in hamsters fed a low β-carotene diet.  The results of 
 fail 

 

amin 
 in elderly subjects.  J Nutr in press  1998), using a relatively simple but sensitive and 
ccurate method for quantifying the oxygen radical absorbance capacity (ORAC) of 
tal antioxidants in biological tissues, failed to demonstrate that carotenoids make a 

pacity of the blood.  In another report, 
arotenoids had no effect on the total antioxidant capacity of the plasma and oxidative 

n, 
t 

nary 
 

ts in 

 to 

se of 

and Sencar mice by two dietary beta-carotene formulations.  Nutr Cancer 1990; 13: 213-
221).  In another report, hamsters with benzo[a]pyrene-induced tumors fed a high β-
carotene diet did not show a decrease in the incidence of preneoplastic changes an
tumors of the respiratory epithelium were almos
th
animal studies are equivocal.  It seems to me that any time the antioxidant studies
to prevent tumors or cardiovascular disease, researchers scramble to explain away 
their “paradoxical” data, instead of just saying that the antioxidants do not work.   
 
Research emphasizing the biology of carotenoids was initiated after Peto, et al, suggested 
that β-carotene might be the primary anticancer agent in fruits and vegetables (Peto, R., 
Doll, R., Buckley, J.D. and Sporn, M.B.  Can dietary beta-carotene materially reduce 
human cancer rates?  Nature 1981; 290: 201-208). 
 
Cao et al. (Cao, G., Russell, R.M., Lischner, N. and Prior, R.L.  Increases in serum 
antioxidant capacity following consumption of strawberries, spinach, red wine or vit
C
a
to
significant contribution to the antioxidant ca
c
stress status measured by breath pentane measurements (Borel, P., Grolier, P., Boirie, Y., 
Simonet, L., Verdier, E., Rochette, Y., AlexandreGouabau, M.C., Beaufrere, B., Lairo
D. and AzaisBraesco, V.  Oxidative stress status and antioxidant status are apparently no
related to carotenoid status in healthy subjects.  J Lab Clin Med 1998; 132: 61-66).  
 
 
 
4.7.7 β-Carotene Supplements vs. Placebo 
 
Contrary to the predictions of the Free Radi-Crap theory, the risk of fatal coro
heart disease was increased in the groups that received either β-carotene or the
combination of α-tocopherol and β-carotene (Rapola, J.M., Virtamao, J., Ripatti, S., 
Huttumen, J.K., Albanes, D., Taylor, P.R. and Heinonen, O.P.  Randomized trail of 
alpha-tocopherol and beta-carotene supplements on incidence of major coronary even
men with previous myocardial infarction.  Lancet 1997; 349: 1715-1720).  The Beta-
Carotene and Retinol Efficacy Trial (CARET) in United States was also designed
examine the effect of β-carotene and retinyl palmitate (vitamin A) on lung cancer 
incidence.  The CARET enrolled men and women at high risk for lung cancer becau
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histories of cigarette smoking or occupational exposure to asbestos.  In this trial, a 
combined treatment with 30 mg of β-carotene and 2,000 IU of retinyl palmitate vs. 
placebo was used.  The relative risk of death by lung cancer also increased by 17% in 
the β-carotene supplemented heavy smokers vs. placebo group.  The Physicians 

ealth study (PHS) was designed to test whether β-carotene would lower the risk of 
ve 50 mg 

ar 

tile level of β-carotene in the Health and 
utrition Examination Survey of the United States. 

levels of 
ologic 

 

ntioxidants (including carotenoids) have been studied for their ability to prevent chronic 

ut the 
ntioxidant capability is variable depending on the in vitro system used.  The 

n shift into a prooxidant effect, 
epending on such factors as oxygen tension or carotenoid concentration.  Mixtures 

ARET trial, a randomized study of combinations of daily 30 mg of β-carotene and 
also 

cer 
 

H
cancer and cardiovascular disease.  The PHS enrolled male physicians to recei
of β-carotene on alternate days or placebo and 11% were current smokers.  The 
supplementation was done during a twelve-year period and was neither beneficial 
nor harmful in terms of the incidence of malignant neoplasms, cardiovascul
disease or death from all causes.  In all of these studies, much higher doses of β-
carotene were used than could be obtained from the diet, and the blood levels attained 
were two to six times higher than the 95th percen
N
 
From the combined and epidemiologic and intervention trial data, it could be 
hypothesized that beneficial effects of β-carotene occur in physiologic or dietary 
intake, whereas harmful effects in some subpopulations can be seen if pharmac
levels are given.  At high levels of β-carotene supplementation, there can be an
accumulation, not only of β-carotene, but of its many metabolic products in lung tissues, 
which, in conjunction with cigarette smoke and/or asbestos exposure, might have a pro- 
rather than an anti-cancer effect or vice versa.   
 
A
disease, since the free radical theory of aging in chronic disease eulogy remains pre-
eminent.  β-Carotene and other carotenoids have antioxidant properties, b
a
antioxidant activity of these compounds ca
d
of carotenoids alone or in association with other antioxidants can increase their activity 
against lipid peroxidation.  Most laboratory animals do not absorb or metabolize 
carotenoids in a fashion similar to humans.   
 
Three out four intervention trials using high doses of β-carotene supplements did 
not show protective effects against cancer or cardiovascular disease. 
 
4.7.8 Chemoprevention and β-carotene 
 
The cancer prevention researchers were shocked in the 1990s, when the ATBC trial, a 
randomized, 2 X 2 factorial prevention trial of daily 50 mg α-tocopherol a/or 20 mg β-
carotene with more than 29,000 male smokers was terminated early after results showed 
that subjects who received β-carotene had a statistically significant increase in lung 
cancer incidence and mortality compared with subjects who received placebo.  The 
C
25,000 IU retinol in subjects with a history of smoking or asbestosis exposure, was 
stopped ahead of schedule for the same reasons of increased incidences of lung can
and overall mortality.  The Physician’s Health Study (PHS), which was not restricted to
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smokers, showed no adverse effects on either end point.  The PHS trial, with 50 mf
carotene every other day yielded a median blood level of β-carotene of 1.2 µg/ml, which 
was considerably lower than the median blood levels in the ATBC and CARET studies.  
However, the Women’s Health Study and the Skin Cancer Prevention Study repor
effect of β-Carotene with respect to cardiovascular, cancer, and mortality endpoints.   
 
Follow-up data on participants in the CARET and the ATBC Trials provide stro
evidence that high dose b-carotene supplementation increases the incidence of lung 
cancer and all-cause mortality in smokers.  Most of the increases in lung cancer w
within the 3 years following the trials and there appeared to be a diminishing 
impact of the intervention after a period of 3-4 years in both lung cancer incidence 
and mortality (Goodman, G.E. et al. the Carotene and Retinol Efficacy Trial:  incidence 
of lung cancer and cardiovascular disease mortality during 6-year follow-up after 
stopping β-carotene and retinol supplements.  J Natl Cancer Inst 2004;96:17453-1750).
In vitro studies indicate that β-carotene can have prooxidant activity, par
under conditions or a

 of β-

ted no 

ng 

ere 

  
ticularly 

mbient or higher oxygen tensions.  Agents that act as 
rooxidants are known to act as tumor promoters.  I have shown in this companion 

se 
esulting in a prooxidant 

ffect (Mayne, S.T., Handleman, G.J. and Beecher, G.  Beta-carotene and lung cancer 

g 
Trials may be 

physiologic 

ee Radi-Crap theory. 

lar lavage from nonsmokers with 
sbestosis spontaneously release significantly increased amounts of superoxide and 

 

hemistry of Carotenoid Reactions 

, or to quench O2( ∆g) 
olecule directly.  However, carotenoids are also reactive towards the non-excited O2 

p
book to UTOPIA that many of the so-called antioxidants can have prooxidant 
activity.  However, I believe that β-carotene in the above studies was trapping singlet 
oxygen. The most widely accepted hypothesis is that the free radical-rich environment 
produced by chemicals in cigarette smoke and the resultant inflammatory respon
in the lung combine to induce oxidation of β-carotene, r
e
promotion in heavy smokers -- a plausible relationship?  J Natl Cancer Inst 
1996;88:1513-1526). 
 
These researchers further suggest that the adverse effects of high-dose β-carotene on lun
cancer incidence and overall mortality observed in the CARET and ATBC 
related to the pharmacologic doses of β-carotene used and the resultant supra-
serum concentrations of β-carotene.  I believe that these are desperate attempts to 
make good data fit the flawed Fr
 
Inflammatory cells recovered by bronchoalveo
a
H2O2 compared to normal patients (Rom, W.N., et al Characterization of the lower 
respiratory tract inflammation of nonsmoking individuals with interstitial lung disease 
associated with chronic inhalation of inorganic dusts.  Am Rev Respir Dis 
1987;136:1429-1434).  Retinol can be a prooxidant in vitro, has enhanced 
carcinogenesis in animal studies, and increases risk of several cancers in epidemiologic
studies according to S. T. Mayne. 
 
4.7.9 C
 
In plants, an important function of carotenoids is thought to be the interception of the 
chlorophyll triplet state, in order to prevent the formation of 1O2

1 1

m
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ground state 3O2(3Σg).  Carotenoids do not only add radicals or react with them in other 
ways, they are themselves prone to one-electron oxidations or reductions to form 
radical cations or anions (Bensasson, R.V., Land, E.J. and Truscott, T.G.  Excited States 
and Free Radicals in Biology and Medicine, p. 220, Oxford University Press, Oxford 
(1993). 
 
At elevated oxygen pressures of 150 Torr and higher, β-carotene and related compou
may act as prooxidants.  Normal oxygen pressure is 160 Torr. 
 
Polyenes and carotenoids are the best known of the compounds that quench 

nds 

Singlet O2 
.A. Frimer, Ed.) Vol. I  p. 177 CRC Press, Boca Raton, FL  (1985).  A large number of 

are 

ta, 

hun, 
., Martin, H.D., Paust, J., Peters, M., Rover, S., Sies, H., Stahl, 

., Steigel, A. and Stenhorst, F.  Liebigs Ann/Recueil 1887-1893 (1997). 

 

ature.  Physical quenching may occur via triplet energy transfer 
r by simple catalysis of the singlet oxygen (1O2)    ground state oxygen (3O2) 

 

Rad 

nt chemical anti- and pro-oxidant 
ehavior of the carotenoids is caused by the different structure of their end groups, 
eir chain length (minor importance) and the number and position or methyl 

carbon with active allylic hydrogen atoms 
at can be removed by radicals.  On the other hand, β-carotene also binds to peroxyl 

 of 

 not 

1O2(1∆g) 
by efficient energy transfer:  1O2  +  1Q    3O2  + 3Q  (Monroe, B.M.  In 
(A
modified, synthetic analogues and derivatives have been synthesized in order to prep
even better quenchers than the natural carotenoids β-carotene, canthaxanthin or 
astaxanthin.  Although in these cases the triplet energy of the polyene is the determinant, 
color can give an indication of the quenching efficiency:  deeply colored, magen
purple and blue polyenes are excellent quenchers at the diffusion limit (Beutner, S., 
Bloedorn, B., Hoffman, T.H. and Martin, H.D.  Methods Enzymol, in press) (Baltsc
D., Beutner, S., Briviba, K
W
 
The quenching process can be physical (the quencher enters a vibrational or an
electronic excited state) or chemical (the quencher combines with oxygen or is 
oxidized by oxygen) in n
o
transition via spin-orbit coupling.  Charge transfer interactions are important during the
quenching process.  In many reactions intermediates are involved, e.g., exciplexes, 
diradicals or zwitterions. 
 
Oxidants, among them the oxidizing radicals, are top candidates for achieving this 
electron abstraction:  NO.

2, CCl.3,  Br.
2

-,  CCl3O.
2,  and O2

.- are all reduced by β-
carotene ( Rice-Evans, C.A., Sampson, J., Bramley, P.M. and Holloway, D.E.  Free 
Res 1997; 26: 381-398). 
 
These results lead to the suggestion that the differe
b
th
groups.  β-Carotene is able to react as a hydro
th
radicals.  Both processes combine to produce reactions with the concomitant formation
expoxides and carbonyl compounds.  It is possible to develop a sequence of radical 
abstraction and oxygen addition reactions as well as cleavage reactions resulting in a 
radical chain reaction.  In contrast, astaxanthin, isonorastacene and actinioerythrol do
enter these pathways or do so much more slowly.   
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4.8 Antioxidants and Prooxidants 
 
Over the past three decades, extensive efforts were made to treat cancer.  However, as 

and 

 
Inst  2001; 

derable attention because of 
eir potential chemopreventive activities. 

cer 

 

e 
at 

oprevention.  According to a recent 
port by Lenton et al. (Lenton, K.J., Sane, A.T., Therriault, H., Cantin, A.M., Payette, H. 

Levin, 
 

46), 
he 

 
 

rties.  Nature 1998; 392: 559 letter), claimed that 
ietary supplementation with vitamin C at 500 mg/d exerts prooxidant and 

 
.  

recent statistics show, the incidence of and the mortality from cancer have in general 
not diminished but have instead increased (Jenal, A., Thomas, A., Murray, T. 
Thun M.  Cancer statistics 2002. CA Cancer J Clin  2002;  52: 23-47) (Howe, H.L., 
Wingo, P.A., Thun, M.J. et al.  Annual report to the nation on the status of cancer (1973
through 1998), featuring cancers with recent increasing trends.  J Natl Cancer 
93: 824-842).  In the past several years, antioxidative vitamins and phenolic 
substances derived from the daily diet received consi
th
 
The current recommended dietary allowance of vitamin C is 60 mg/d (World Can
Research Fund/American Institute for Cancer Research.  Food research and the 
prevention of cancer:  a global perspective.  Washington, DC:  American Institute for 
Cancer Research, 1997).  Although it has generally been acknowledged that vitamin C
protects cells from oxidative DNA damage, thereby blocking the initiation of 
carcinogenesis, some studies have shown that dietary vitamin C supplementation is 
not beneficial but, rather, may cause DNA damage. 
 
Recently, Lee et al. (Lee, S.H., Oe, T. and Blair, I.A.  Vitamin C-induced decomposition 
of lipid hydroperoxides to endogenous genotoxins.  Science 2001; 292: 2083-2086), 
reported that 200 mg vitamin C/d, which can be obtained from the daily diet, induced th
decomposition of lipid hydroperoxides to endogenous genotoxins, which suggested th
vitamin C may not be effective in cancer chem
re
and Wagner, J.R.  Vitamin C augments lymphocyte glutathione in subjects with ascorbate 
deficiency.  Am J Clin Nutr 2003; 77: 189-195), the consumption of 500-1000 mg 
vitamin C/d as a supplement augments glutathione in human lymphocytes, which 
may be associated with inhibition of lipid peroxidation.  A report by Levin et al. (
M., Wang, Y., Padayatty, S.J. and Morrow, J.  A new recommended dietary allowance of
vitamin C for healthy young women. Proc Natl Acad Sci USA  2001; 98: 9842-98
also pointed out that studies with human volunteers were not sufficient to support t
notion of vitamin C-induced lipid peroxidation. 
 
On the basis of an increased number of modified DNA basis in lymphocytes, Podmore et
al. (Podmore, I.D., Griffiths, H.R., Herbert, K.E., Mistry, N., Mistry, P. and Lunec, J. 
Vitamin C exhibits pro-oxidant prope
d
mutagenic effects in humans.  The relevance of oxidative DNA base modification as a 
biomarker of carcinogenesis is being questioned because of a frequent artifact in 
measuring 8-oxo-deoxyguanosine concentrations in DNA.  Moreover, there is no 
consistency in actual 8-oxo-deoxyguanosine concentrations in human DNA 
(Halliwell, B.  Why and how should we measure oxidative DNA damage in nutritional
studies?  How far have we come?  Am J Clin Nutr 2000; 72: 1082-1087) (Halliwell, B
Effect of diet on cancer development:  is oxidative DNA damage a biomarker?  Free 

Page 314 of 931 



Radic Biol Med 2002; 32: 968-974). 
 
Vitamin C can exert a prooxidant activity under certain conditions, particularly in
the presence of transition metal ions or alkali.  Thus, vitamin C in vitro reduces free 
ferric iron that generates hydrogen peroxide in the Fenton 

 

reaction and results in the 
roduction of hydroxyl radicals.  Even a 5000 mg intake of vitamin C was shown not 

. 

 

1007-

arr 

 

 S. 
men 

xpert panels at the World Cancer Research Fund and the American 
stitute for Cancer Research estimated that vitamin C can reduce the risk of the stomach, 

h 

h, 

  
echanisms of Action published in Vitamin C in Health and Disease states , “Vitamin 

s, they 

p
to promote cancer or induce DNA damage (Vojdani, A., Bazargan, M., Vojdani, E
and Wright, J.  New evidence fro antioxidant properties of vitamin C.  Cancer Detect 
Prev 2000; 24: 508-523).  Moreover, vitamin C was found to predominantly reduce
oxidative damage in vivo even in the presence of iron (Carr, A. and Frei, B.  Does 
vitamin C act as a pro-oxidant under physiological conditions?  FASEB J 1999: 13: 
1024).  It is interesting to note that many of the inducers capable of activating these 
transcription factors mimic prooxidants and electrophiles, although most of them 
are antioxidants by nature. 
 
Early epidemiologic evidence indicated that high intakes of vitamin C-rich fruit and 
vegetables and a high vitamin C concentrations in serum are inversely associated with the 
risk of some cancers.  In 1991, Henson et al. (Henson, D.E., Block, G. and Levine M. 
Ascorbic and biologic functions and relation to cancer.  J Natl Cancer Inst  1991; 83: 
547-552), analyzed 46 epidemiologic studies on the protective effects of vitamin C 
against various types of cancers;  33 of these studies found a significant link between 
vitamin C intake and a reduced incidence of cancer.  A more recent analysis by C
et al. showed that vitamin C acts as an antioxidant in vivo (Carr, A. and Frei, B.  Does 
vitamin C act as a pro-oxidant under physiological conditions?  FASEB J 1999: 13: 1007-
1024).  Of the 44 published in vivo studies examined, 38 found a decrease in the 
number of markers of oxidative damage to DNA, lipid, or protein; 14 showed no
changes; and only 6 reported an increase in oxidative damage after supplementation 
with vitamin C.  A recent epidemiologic study by Khaw et al. (Khaw, K.T., Bingham,
and Welch, A.  Relation between plasma ascorbic acid and mortality in men and wo
in EPIC-Norfolk prospective study.  Lancet 1999; 354: 2048-2049), showed that a high 
vitamin C concentration in plasma had an inverse relation with cancer-related 
mortality.  In 1997, e
In
mouth, pharynx, esophagus, lung, pancreas and cervical cancers (World Cancer Researc
Fund/American Institute for Cancer Research.  Food research and the prevention of 
cancer:  a global perspective.  Washington, DC:  American Institute for Cancer Researc
1997).  Again, we are faced with conflicting data.  Please keep in mind that Balz Frei, 
head of the Linus Pauling Institute<, in his paper, Vitamin C as an Antiatherogen:
M
C (ascorbic acid) has been shown to be the most effective water-soluble antioxidant 
in human plasma.” 
 
Although the results of the previous studies are not consistent, in most instance
do provide suggestions for the notion that vitamin C intake may decrease cancer risk.  
However, the clinical trials based on a high dose of dietary vitamin C supplement 
are not supportive, although epidemiologic and observational studies based on food 
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intake provide evidence for a strong, protective role of vitamin C against cancer. 
 
How can vitamin C prevent cancer?  Although vitamin C has been known to stimulate 
immune function, inhibit nitrosamine formation, and block the metabolic activation 
of carcinogens, its cancer-preventive effects may be associated mainly with its prot
effects against oxidative stress.  Besides the antioxidant activity, an intrinsic 
prooxidant potential of vitamin C may contribute to its chem

ective 

opreventive properties.  
s described in the previous section, low or baseline oxidative stress appears to be 

entiation 

d for 
ied 

 

ment of endothelial cells with vitamin C results in the 
ccumulation of a large amount of this antioxidant inside the cells, which consequently 

iated by 
ic 

ication 
utathione deficient cells.  Carcinogenesis 1997; 18: 37-

2).  Recently, it was reported that vitamin C exerts protective effects against the 

 
ct 

pears to be related to a different mechanism, such as the 
hibition of signal transduction. 

A
essential for cellular signal transduction that leads to the induction or pot
of some detoxification of antioxidant enzyme systems.  Antioxidant micronutrients 
may act as mild prooxidants to supply limited amounts of RONS, whenever neede
triggering the antioxidant signal transduction.  If this is the case, it remains to be clarif
when and how the prooxidant activity of vitamin C is turned on in the intracellular redox
milieu at the same time that vitamin C is fighting, as an antioxidant, against excess 
oxidative stress.  This faulty concept of “oxidative stress” has served to unduly 
complicate and obfuscate interpretation of conflicting data. 
 
In a recent report, treat
a
decreased both the intracellular oxidant status and inducible nitric oxide synthase 
induction (Wu, F., Tyml, K. and Wilson, J.X.  Ascorbate inhibits iNOS expression in 
endotoxin- and 1FN gamma-stimulated rat skeletal muscle endothelial cells.  FEBS Lett 
2002; 520: 122-126).  Vitamin C was also shown to inactivate nuclear factor lB in 
endothelial cells during the inflammation process, independently of its antioxidant 
activity.  Therefore, the anti-inflammatory activity of vitamin C may be med
multifactorial mechanisms, which are not necessarily associated with its intrins
antioxidant activity. 
 
Hydrogen peroxide, an in vitro, well-known tumor promoter, is said to inhibit gap 
junction intercellular communication (GJIC) (Upharm, B.L, Kang, K.S., Cho, H.Y. 
and Trosko, J.E.  Hydrogen peroxide inhibits gap junctional intercellular commun
in glutathione sufficient but not gl
4
disruption of GJIC by hydrogen peroxide.  However, antioxidants such as 
propylgallate and Trolox (Sigma Chemical Co., St. Louis) did not prevent the 
hydrogen peroxide-mediated inhibition of GJIC.  Furthermore, vitamin C at a 
concentration restored the dysregulated GJIC did not destroy the hydrogen peroxide 
when a direct measurement was made by using the ferrous ion oxidation-xylenol orange
assay (H.J. Lee and C.Y. Lee, unpublished observations, 2000).  In this respect, the effe
of vitamin C on GJIC ap
in
 
The successful transmission of an extracellular signal from the membrane to the 
nucleus via intracellular signaling pathways in solid tissue cell types is also dependent 
upon intercellular signals through gap junctions.  RONS have been demonstrated to 
reversibly inhibit gap junctional intercellular communication (GJIC) at non-cytotoxic 
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levels.  Endogenous growth factors (extracellular ligands) generate RONS, which are 
then required downstream in intracellular signaling to successfully transm
signals to the nucleus. 
 
Although a recent study showed an inverse relation between plasma vitamin C and ca
mortality, similar results of lower cancer mortality were observed in another study tha
involved daily fruit intake (Burr, M., Appleby, P., Key, T. and Thorogood, M.  Plasma

it their 

ncer 
t 
 

scorbic acid and risk of heart disease and cancer.  Lancet 2001; 357: 2135-2136 letter).  
 

er research is need to establish whether 
itamin C supplementation beyond normal dietary intake is beneficial (Lee, K.W., Lee, 

amin C and cancer chemoprevention:  reappraisal.  Am 
Clin Nutr 2003; 78: 1074-1078).  Plasma ascorbic acid concentration of a healthy 

esticle, lymph 
y 

 

 
gainst oxidative damage.  Paradoxically, in the presence of Fe  or 

u  ascorbate can promote the generation of the same reactive oxygen species 

r Cu  to Fe  or Cu , respectively, 
nd to reduce O2 to O2  and H O .  Damage to nucleic acid and proteins can result from 

owed 

, 

types of 

a
Population-based studies still show that a low risk of cancer is more closely related to
antioxidant-rich whole diets than to individual dietary antioxidants.  These results 
imply that diet as a whole plays a more important role than do individual 
components.  The cancer-preventive effects of vegetables and fruit may result from 
multiple combined effects of various phenolic phytochemicals, vitamins, dietary 
fibers, indoles, allium compounds and selenium rather than from the effect of a 
single active ingredient.  Many dietary phenolic phytochemicals may have stronger 
antioxidant and antitumor promotion effects of the phytochemicals in carcinogenesis. 
 
The consumption of 5 servings of fruit and vegetables containing 200-280 mg vitamin 
C/d could be still recommended, although furth
v
H.J., Surh, Y.J. and Lee, C.Y.  Vit
J 
person is 8-14 mg/L, while adrenal glands, pituitary, thymus, corpus luteum, and retina 
have concentrations more than 100 times higher.  The brain, spleen, lung, t
glands, liver, thyroid, small intestinal mucosa, leukocytes, pancreas, kidney, and salivar
glands have concentrations 10-50 times that of plasma.  The skeletal, smooth and 
cardiac muscle and erythrocytes have concentrations about 10 times that of plasma. 
Vitamin C is important to the immune system. 
 
4.8.0 Vitamin C (Prooxidant) 
 
A number of active oxygen species are perhaps implicated in the etiology or 
manifestation of several pathological conditions, including again, arthritis, 
carcinogenesis, atherosclerosis and muscular dystrophy.  Ascorbate plays a key role in
protecting cells a 3+

2+,C
(.OH, O2

.-, H2O2, and ferryl ion) it is known to destroy.  This prooxidant activity 
derives from the ability of ascorbate to reduce Fe3+ o 2+ 2+ +

.-a 2 2
the binding of either Fe2+ or Cu+ to metal binding sites on these macromolecules foll
by reaction of the metal complexes with H2O2, this leads to the production of active 
oxygen species that attack functional groups at or near the metal binding sites (Stadtman
E.R.  Ascorbic acid and oxidative inactivation of proteins.  Am J Clin Nutr 1991; 54: 
1125S-1128S). 
 
It has been said that ascorbic acid is toxic to bacteria, viruses and many 
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cultured cells, because of its prooxidant activity. 

As a scavenger of EMODs, ascorbate has been shown to be effective against the 
let 

f 

. J. Clin. Nutr., 53: 247S-250S). 
 

 
nt 

 

e when they enrolled in the study between 1979 and 1982, at which point 
their blood levels of iron and HDL, LDL, and VLDL cholesterol were measured. They 

at 
 

ar 
nding because it does not fit the free radi-

crap theory. 

 
.  I 

ng 

ss, 
s 

n-

 

superoxide radical anion, hydrogen peroxide, the hydroxyl radical, and sing
oxygen (Weber, P., Bendich, A. & Schalch, W. 1996. Vitamin C and Human health - a 
review of recent data relevant to Human requirments. Int. J. Vit. Nutr. Res., 66: 19-30). 
Vitamin C also scavenges reactive nitrogen oxide species to prevent nitrosation o
target molecules (Tannenbaum, S.R., Wishnok, J.S. & Leaf, C.D. 1991. Inhibition of 
nitrosamine formation by ascorbic acid. Am

4.8.1  Iron Overload 

High blood levels of iron coupled with high levels of very low density (VLDL) 
lipoprotein cholesterol appear to interact to increase the risk of cancer, "Iron and lipids
combine to create oxidative stress, and oxidative stress has a role in the developme
of cancer," Dr. Arch G. Mainous III, of the Medical University of South Carolina, 
Charleston, and colleague write in the American Journal of Epidemiology.  They are 
repeating the mantra of the oxy-morons 

The researchers examined the risk of cancer among 3,278 subjects in the Framingham
Offspring Study who had elevated iron and lipid levels.  The participants were at least 
30 years of ag

were followed up for development of cancer until 1996 to 1997. The team reports th
elevated iron increased the likelihood of developing cancer by 66% , and high VLDL
cholesterol increased the risk by 54 percent. Combining elevated iron with elevated 
VLDL increased the risk of cancer by 168 percent. 

High iron plus low HDL ("good") cholesterol also increased the risk to a simil
degree.  They offer no explanation for this fi

"These findings support the hypothesis that iron-mediated oxidation of cholesterol 
increases oxidative stress, which can lead to cancer formation," Mainous and colleagues 
conclude. Assuming the finding is confirmed by others, they say, it suggests a need "to 
reduce iron and/or lipid levels in persons with dual elevations in these substances as a
strategy to decrease cancer risk." (American Journal of Epidemiology, June 15, 2005)
feel that this is another example demonstrating the misleading and confusi
aspects of epidemiological observations.   

Vitamin C is known to increase the gastrointestinal absorption of nonheme iron by 
reducing it to a form that is more easily absorbed. It appears, however, that even at 
high intakes of vitamin C, iron uptake is tightly regulated in healthy people. Neverthele
low dietary levels of vitamin C may be advantageous in cases of iron overload, such a
homozygous hemochromatosis and treatment of ß-thalassemia, due to potential iro
induced tissue damage. Individuals with iron overload generally have low plasma 
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levels of vitamin C. Iron overload has also been implicated in the sequelae of 
atherosclerosis, although the data are conflicting and inconsistent, and individuals
with

 
 overload do not suffer from premature atherosclerosis (Kiechl, 

aematol. 

er 

itamin C (ascorbate) acts as a potent water-soluble antioxidant in biological fluids by 
n   
s oxyl radicals, aqueous peroxyl radicals, 

 

 

ed.  

es apoptotic or non-
 of target cells.  On the other hand, elevation 
d by treatment with ascorbate 2-phosphate or 

 

 iron
S., Willeit, J., Egger, G., Poewe, W., Oberhollenzer, F. (1997) Body iron stores and the 
risk of carotid atherosclerosis: prospective results from the Bruneck study. Circulation 
96,3300-3307) (Franco, R. F., Zago, M. A., Trip, M. D., Cate, H., van den Ende, A., 
Prins, M. H., Kastelein, J. J., Reitsma, P. H. (1998) Prevalence of hereditary 
hemochromatosis in premature atherosclerotic vascular disease. Br. J. H
102,1172-1175). I believe that this is a most important observation, e.g., “individuals 
with iron overload do not suffer from premature atherosclerosis.” In my opinion, 
this discounts the paranoia of iron, H2O2, and the Fenton reaction, even with iron 
overload! 
 
In addition, several vitamin C and iron cosupplementation studies, both in animals and 
humans, indicate that vitamin C inhibits rather than promotes iron-dependent 
oxidative damage (A Carr and B Frei. Does vitamin C act as a pro-oxidant und
physiological conditions? The FASEB Journal. 1999;13:1007-1024). 
 
V
scave ging physiologically relevant reactive oxygen species and reactive nitrogen
specie . These include free radicals such as hydr
superoxide anion, and nitrogen dioxide, as well as nonradical species such as 
hypochlorous acid, ozone, singlet oxygen, nitrosating species (N O /N O ), nitroxide,2 3 2 4

 and 
peroxynitrite. Evidence for the interaction of vitamin C with radicals and oxidants has
been found in extracellular fluids such as plasma and respiratory tract lining fluid. 
Ascorbate is depleted in these fluids in vivo with smoking and inflammation 
associated with rheumatoid arthritis and adult respiratory distress syndrome. 
 
 
4.8.2 Vitamin C, K2 and K3 (Prooxidants) 
 
Apoptosis-inducing activity of vitamins C and K and of their analogs has been review
Vitamin C shows both reducing and oxidizing activities, depending on the 
environment in which this vitamin is present.  Higher concentrations of vitamin C 
induce apoptotic cell death in various tumor cell lines including oral squamous cell 
carcinoma and salivary gland tumor cells lines, possibly via its prooxidant action.  The 
apoptosis-inducing activity of ascorbate is stimulated by Cu2+, lignin and ion chelator, 
and inhibited by catalase, Fe3+, Cu2+ and saliva.  On the other hand, at lower 
concentrations, ascorbic acid displays an antioxidant property, preventing the 
spontaneous and stress or antitumor agent-induced apoptosis.  Sodium 5,6-benzylidene-
L-ascorbate, intravenous administration of which induces degeneration of human 
inoperable tumors and rat hepatocellular carcinoma in vivo, induc
apoptotic cell death, depending on the types
of intracellular concentration of ascorbic aci
dehydroascorbic acid makes the cells resistant to the oxidative stress-induced apoptosis.  
Vitamin K2, which has a geranylgeranyl group as a side chain, and vitamin K3 induces

Page 319 of 931 



apoptosis of various cultured cells including osteoclasts and osteoblasts, by eleva
peroxide and superoxide radicals.  Synergistic apoptosis-inducing actions have been
found between vitamins C and K, and between these vitamins and antiproliferative ag
(Sakagami, H., Satoh, K., Hakeda, Y. and Kumegawa, M.  Apoptosis-inducing activity
vitamin C and vitamin K.  Cell Mol Biol 2000; 46(1): 129-143). 
 
4.8.3 Alpha-Tocopherol (Prooxidant) 
 
Alpha-Tocopherol is a classical lipophilic antioxidant well known as a scavenger of 
free radicals in a hydrophobic milieu.  However, it can develop both anti- and 
prooxidant activity in isolated low density lipoprotein (LDL).  It is unknown how 
these activities are balanced in vivo in human plasma.  We have studied oxidation of
plasma and LDL isolated from healthy donors or from a patient with familial isolated 
vitamin E deficiency and supplemented with alpha-tocopherol in vivo or in vitro.  W
found that alpha-tocopherol supplementation decreased plasma and LDL oxidizability 
under strong oxidative conditions when oxidation was initiated by high amounts of Cu2+

or 2,2’-azobis-(2-amidinopropane) hydrochloride (AAPH).  The effect was independent 
of the presence of ascorbate in the samples.  Under conditions of mild oxidation b
amounts of Cu

ting 
 

ents 
 of 

 

e 

 

y low 

ant 

level of 
of 

and 

idative 

copherol was found to develop both anti- and 
rooxidant activity in human plasma and isolated LDL, depending on oxidative 

tions, 

siologically relevant and can occur in vivo 
ontush, A., Finckh, B., Karten, B., Kohlschutter, A. and Beisiegel, U.  Antioxidant and 

an plasma and low density lipoprotein.  J 
ipid Res 1996; 37: 1436-1448). 

y b-

2+ or AAPH, alpha-tocopherol supplementation decreased plasma 
oxidizability only in the presence of physiological amounts of ascorbate.  A prooxid
effect of alpha-tocopherol was found under mild oxidative conditions in highly 
diluted (150-fold) plasma and in isolated LDL.  These results indicate that the 
oxidative stress and concentration of co-antioxidants, such as ascorbate, capable 
regenerating alpha-tocopherol in the oxidizing lipoprotein particle, appear to represent 
major factors determining alpha-tocopherol activity towards oxidation both in human 
plasma and LDL.  In vivo, in the presence of high concentrations of co-antioxidants 
under mild oxidative conditions, alpha-tocopherol should normally behave as an 
antioxidant.  This antioxidant activity is also expected to prevail under strong ox
conditions independently of the presence of co-antioxidants but it may evolve into 
prooxidant, when the co-antioxidants (ascorbic acid and bilirubin) are exhausted under 
conditions of mild oxidation.  α-to
p
conditions and presence of ascorbate in the samples. Under strong oxidative condi
α-tocopherol is expected to behave antioxidatively independent of the presence of 
ascorbate in the samples.  Decreasing oxidative stress counters the α-tocopherol 
antioxidant activity and can reverse it into prooxidant.  It remains to be shown 
whether such a transformation is phy
(K
prooxidant activity of alpha-tocopherol in hum
L
 
The EMODs scavenged by carotenoids are singlet oxygen and peroxyl radicals 
(Foote, C.S. & Denny, R.W. 1968. Chemistry of singlet oxygen. VII. Quenching b
carotene. Am. Chem. Soc. J., 90: 6233-6235) (Di Mascio, P., Kaiser, S. & Sies, H. 1989. 
Lycopene as the most efficient biological carotenoid singlet-oxygen quencher. Arch. 
Biochem. Biophys., 274: 532-538). 
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4.8.4 Smokers, Vitamin C and Vitamin E 
 
All the cells of the arterial wall – macrophages, smooth muscle cells, endothelial 
cells, and neutrophils (polymorphonuclear leukocytes or PMN) – are able to oxidize 
LDL in vitro (Miller, K., Carpenter, K.L.H. and Mitchinson, M.J.  Cell mediated 
oxidation of LDL: comparison of different cells types of the atherosclerotic lesion.  Free 
Rad Res  1998; 29: 207-220) (Scaccini, C. and Jialal, I.  LDL modification by ac
polymorphonuclear leukocytes: a cellular model of mild oxidative stress.  Free Radical 
Biol Med 1994; 16: 49-55).  I believe that this argues that oxidation of LDL is
common occurrence in the vascular arterial wall and indicates that it is an in
part of normal vascular function.  The oxidation of the LDL would keep it soluble 
for excretion by the liver.  Oxidized LDL can be taken up via the macrophage scavenge
receptor and may contribute to the formation of foam cells (Brown, MS. And Goldstein, 
J.L.  Lipoprotein metabolism in the macrophage.  Am Rev Biochem  1983; 52: 233-261).  
Furthermore, evidence of oxidized LDL has been obtained from arterial walls of animal 
models of atherosclerosis and of CHD patients (Yia-Herttuala, S., Palinski, 
Rosenfield, M.E., Parthasarathy, S., Carew, T.E., Butler, S., Witztum, J.L. and Steinberg, 
D.  Evidence for the presence of oxidatively modified low density lipoprotein in 
atherosclerotic lesions of rabbit and man.  J Clin Invest  1989; 84: 1086-1095).  
Supplementation of humans with antio

tivated 

 a 
tegral 

r 

W., 

xidant nutrients has also been shown to decrease 
e oxidizability of LDL in vitro and reduce the recurrence of myocardial infarctions in 

radical in 

.  

igarette smokers are at increased risk for CHD.  Cigarette smoke contains numerous 
ta are 

.   
rs and 
rotene, 
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th
CHD patients.  Vitamin E has consistently been shown to reduce LDL oxidizability.  The 
results of supplementation studies with vitamin C on LDL oxidation are less clear-cut.  It 
is conceivable that vitamin C can regenerate vitamin E from the tocopheroxyl 
the LDL particle, which could confer an indirect effect on LDL oxidation.  
Supplementation with a combination of vitamins E and C showed an additional reduction 
of LDL oxidizability in only one study to date (Rifici, V.A. and Khachadurain, A.K.  
Dietary supplementation with vitamins C and E inhibits in vitro oxidation of lipoproteins
J Am Coll Nutr  1993; 12: 631-637). 
 
C
free radical species that can contribute to the oxidation of LDL in vitro, although da
conflicting (Chen, C. and Loo, G.  Cigarette smoke extract inhibits oxidative 
modification of low density lipoprotein.  Atherosclerosis  1995; 112: 177-185).  LDL 
isolated from smokers may be more susceptible to oxidation than LDL from nonsmokers
Researchers did not find any difference in LDL oxidizability between smoke
nonsmokers.  Smokers have lower plasma concentrations of vitamin C and β-ca
which may be due to a combination of reduced dietary intakes and the free radicals 
present in cigarette smoke. 
 
Smokers also have increased numbers of circulating PMNs, the most prevalent 
leukocyte (Bridges, R.B., Wyatt, R.J. and Rehm, S.R.  Effect of smoking on periphera
blood leukocytes and serum antiproteases.  Eur J Respir Dis  1985 66 (Suppl): 24-33) 
(Van Antwerpen, V.L., Theron, A.J., Richards, G.A., van der Merwe, C.A., Viljoen, E.,
van der Walt, R. and Anderson, R.  Plasma levels of beta-carotene are inversely 
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correlated with circulating neutrophil counts in young male cigarette smokers.  
Inflammation  1995; 19: 405-414).  These phagocytes may be stimulated by compo
in cigarette smoke to increase production of free radicals, such as superoxide anion, that 
could result in oxidative damage to cells and LDL.  Kanno et al. (Kanno, T., Utsumi, T., 
Takehara, Y., Ide, A., Akiyama, J., Yoshioka, T., Horton, A.A. and Utsumi, K. In
of neutrophil-superoxide generation by a-tocopherol and coenzyme Q.

unds 

hibition 
  Free Rad Res 

996; 24: 281-289), reported that vitamin E could reduce PMN superoxide production 

 Biol 
li (Wang, 

, 

ementation on PMN function in smokers is unclear. 

ogical 

 Royall, 
 supplemented with vitamin C  Intl J Vit 

hyde 

scorbic 

at vitamin E added in vitro reduced rat and guinea pig 
MN superoxide anion production via the respiratory burst.  In addition, 

g of 
y 

 

d in patients with acute myocardial infarction.  I believe 
at this inhibition of PMNs could produce harmful EMODs deficiency states and 

1
in vitro.  Vitamin C occurs in millimolar levels in PMN (Washiko, P., Rotrosen, D. 
and Levin, M.  Ascorbic acid transport and accumulation in human neutrophils.  J
Chem  1989; 264: 18990-19002).  In response to chemical or bacterial stimu
Y., Russo, T.A., Kwon, O., Chanock, S., Rumsey, S.C. and Levine M.  Ascorbate 
recycling in human neutrophils: induction by bacteria.  Proc Natl Acad Sci USA  1997; 
94: 13816-13819), vitamin C is further accumulated in PMN by ascorbate recycling
possibly as a defense against endogenous reactive oxygen species.  The effect of 
antioxidant suppl
 
Wen, Cooke and Feely (Wen, Y., Cooke, T. and Feely, J.  The effect of pharmacol
supplementation with vitamin C on low density lipoprotein oxidation.  Br J Clin 
Pharmacol  1997; 44: 94-97), found that 1 g/d vitamin C did not affect LDL 
oxidizability in healthy nonsmokers.  In addition, Aghdassi et al. (Aghdassi, E.,
D. and Allard, J.P.  Oxidative stress in smokers
Nutr Res  1999; 69: 45-51), reported that supplementation of smokers with 500 mg 
vitamin C per day did not affect breath pentane output or plasma malondialde
concentrations. 
 
In whole plasma oxidation systems, vitamin C is depleted before the lipophilic 
tocopherols and carotenoids.  Stait and Leake (Stait, S.E. and Leake, D.S.  A
acid can either increase or decrease low density lipoprotein modification  FEBS Letters  
1994; 341: 263-267), found that vitamin C actually increased the oxidation of 
minimally-modified LDL by macrophages. 
There were no effects of antioxidant supplementation on either PMN superoxide 
anion production of PMN LDL oxidation.  Kanno et al. (Kanno, T., Utsumi, T., 
Takehara, Y., Ide, A., Akiyama, J., Yoshioka, T., Horton, A.A. and Utsumi, K. Inhibition 
of neutrophil-superoxide generation by a-tocopherol and coenzyme Q.  Free Rad Res 
1996; 24: 281-289), showed th
P
Herbaczynska-Cedro et al. reported that a combination of vitamins C and E (600 m
each/day) reduced reactive oxygen species production by PMN in both health
subjects (Herbaczynska-Cedro, K., Wartanowicz, M., Panczenko-Kresowska, K., Cedro,
K., Klosiewicz-Wasek, B. and Wasek, W.  Inhibitory effect of vitamins C and E on the 
oxygen free radical production in human polymorphonuclear leukocytes.  Eur J Clin 
Invest 1994; 24: 316-319), an
th
result in disease and death. 
 
In their study of vitamin C requirements in males, Levine et al. (Levine, M., Conry-
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Cantilena, C., Wang, Y., Welch, R.W., Wasko, P.W., Dhariwal, K.R., Park, J.B., 
Lazarev, A., Graumlich, J.F., King, J. and Cantilena, L.R.  Vitamin C pharmacokinetics 

 healthy volunteers: evidence for a recommended dietary allowance.  Proc Natl Acad 
d that PMN vitamin C plateaued at a dose of 100 

g per day at 1.3 mmol/L. 

The 

 
benefits 

er 
, G.S., 

155) 
ified by 

(Greenberg, E.R., Baron, J.A. & Stukel, T.A. 1990. A 
linical trial of beta carotene to prevent basal-cell and squamous-cell cancers of the skin. 

.R., Baron, J.A. 
 Tosteson, T.D. 1994. A clinical trial of antioxidant vitamins to prevent colorectal 

se 

 (3.0 and 7.0), and natural 
ntioxidants (ά-tocopherol, gallic acid and quercetin) on oxidation of structured lipid-

 

d 

in
Sci USA 1996; 93: 3704-3709), foun
m
 
Based on the results of this small study, the only way for young smokers to reduce 
oxidative damage to the vasculature by tobacco is to quit smoking rather than to 
take antioxidant vitamin supplements (Fuller, C.J., May, M.A. and Martin, K.J.  
effect of vitamin E and vitamin C supplementation on LDL oxidizability and neutrophil 
respiratory burst in young smokers.  J Am Coll Nutr  2000; 19(3): 361-369). 
 
4.8.5 Failed Antioxidant Studies 
 
Smokers are the most widely accessible people and this has made them a target for 
several large antioxidant-nutrient intervention studies. In addition, smokers often display
low plasma concentrations of carotenoids and vitamin C. However, no obvious 
to the health of smokers have emerged from these studies and, in fact, b-carotene 
supplements were associated with an increased risk of lung cancer in two separate 
studies (Heinonen, O.P., Huttunen, J.K., Albanes, D. & ATBC cancer prevention study 
group. 1994. The effect of vitamin E and beta carotene on the incidence of lung canc
and other cancers in male smokers. N. Engl. J. Med., 330: 1029-1035) (Omenn
Goodman, G.E. & Thornquist, M.D. 1996. Effects of a combination of beta carotene and 
vitamin A on lung cancer and cardiovascular disease. N. Engl. J. Med., 334: 1150-1
and with more fatal cardiac events in one of them. Other risk groups ident
their already having had some non-malignant form of cancer, such as non-
melanomatous skin cancer 
c
N. Engl. J. Med., 323: 789-795) or a colorectal adenoma (Greenberg, E
&
adenoma. N. Engl. J. Med., 331: 141-147.), showed no effect on subsequent 
recurrences after several years of elevated intakes of antioxidant nutrients. The u
of b-carotene or vitamin E alone or in combination with vitamin C showed no 
benefits. Thus, the results of these clinical trials do not support the use of 
supplementation with antioxidant micronutrients as a means of reducing cancer or 
even cardiovascular rates. 
 
4.8.6 Iron, a-tocopherol, Gallic Acid and Quercetin (Prooxidants) 
 
Researchers evaluated the effects of iron (50 and 100 µM), pH
a
based emulsions.  Iron significantly (p < 0.05) increased lipid oxidation rates compared to
control emulsions that contained no added metals.  Low pH further increased the iron-
catalyzed lipid oxidation.  A-Tocopherol did not affect total oxidation in emulsions at pH 
3.0, or at pH 7.0 in the presence of lower concentrations of iron (50 µM).  However, at 
pH 7.0 in the presence of greater concentrations of iron (100 µM), a-tocopherol ha
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a prooxidant effect.  Quercetin and gallic acid had a significant (p < 0.05) 
prooxidant effect on total oxidation in the pH 3.0 emulsions and at pH 7.0 when higher 
oncentration of iron (100 µM) were added to the emulsions. 

he results of this study will help in optimizing product formulations and understanding 
prylic 

uercetin to 
en 

Akoh, 
d lipid-

xidants exhibited a dose-dependent toxicity against human 
romyelocytic leukemia cells (HL-60).  Their action was accompanied by 

desferrioxamine and the 
ntioxidant n, N’-diphenyl-p-phenylene diamine.  This points to a prooxidant 

L-60 

cetin 
 

ks 
d 

d cholesterol 
nt effect of quercetin 

as seen.  In conclusion, the results suggest that a prooxidant mechanism rather than 

atherogenic lipoproteins and thereby leads to a decrease in cholesterol levels 
auridsen, S.T. and Mortensen, A.  Probucol selectively increases oxidation of 

l-fed mice and in Watanabe heritable 
yperlipidemic rabbits.  Atherosclerosis 1999; 142(1): 169-178). 

 of 

c
 
T
the complexity of lipid oxidation in real food emulsions prepared with canola oil/ca
acid structured lipids.  Due to the ability of a-tocopherol, gallic acid, and q
exhibit prooxidant activity under some conditions, care should be exercised wh
adding them to food systems containing transition metals (Osborn, H.T. and 
C.C. Effects of natural antioxidants on iron-catalyzed lipid oxidation of structure
based emulsions.  2003 IFT Annual Meeting, Chicago, IL). 
 
4.8.7 Polyphenolics (Prooxidants) 
 
Polyphenolic antio
p
malondialdehyde formation, and was partly prevented by 
a
character of their cytotoxicity.  These findings clearly point to two important 
characteristics determining polyphenol cytotoxicity, namely their ease of oxidation 
and their lipophilicity (Sergediene, E., Jonsson, K., Szymusiak, H., Tyrakowska, B., 
Rietjens, I.M. and Cenas, N.  Prooxidant toxicity of polyphenolics antioxidants to H
cells: description of quantitative structure-activity relationships.  FEBS Lett. 1999; 
462(3): 392-396). 
 
4.8.8 Probucol and Quercetin (Possible Prooxidant) 
 
The anti-atherogenic and cholesterol-lowering drug probucol (0.5-1%) or quer
(1%), a natural antioxidant, was given to cholesterol-fed (1.5%) mice for a period of 6
weeks and to Watanabe heritable hyperlipidemic (WHHL) rabbits for a period of 8 wee
to investigate the oxidative changes in plasma and lipoproteins.  Quercetin treate
animals did not show increased oxidation of LDL (and VLDL in rabbits) an
levels were not decreased.  Furthermore, no protective antioxida
w
antioxidative effects influences lipoprotein metabolism in these animals.  It is 
hypothesized that the oxidation of lipoproteins might be a physiological mechanism 
performed by macrophages in other cells for uptake and degradation (by 
macrophages and liver) of excessive amounts of LDL or VLDL and that probucol 
oxidized 
(L
atherogenic lipoproteins in cholestero
h
 
Evidence suggests that induction of heme oxygenase-1 (HO-1) inhibits proliferation
vascular smooth muscle cells and intimal thickening after arterial injury and therapeutic 
molecules induce HO-1.  Probucol is the only oral drug that inhibits restenosis in 
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humans and intimal thickening in animals, although its underlying mechanism rem
unclear. 
 

ains 

.8.9 Heme Oxygenase (HO-1) 

robucol inhibits restenosis and 
ighlights HO-1 as a target for therapeutic intervention against occlusive vascular disease 

 

1, 

 
dox 

d 

d 
ion 

ymes 

lucose-6-phosphate dehydrogenase favors EMODs accumulation, and has been 

e 
4; 

 

 

4
 
Probucol induces HO-1 and this contributes to the inhibition of vascular SMC 
proliferation.  This novel finding may explain how p
h
(Deng, Y.M., Wu, B.J., Witting, P.K. and Stocker, R.  Probucol protects against smooth
muscle cell proliferation by upregulating heme oxygenase-1.  Circulation 2004; 110: 
1855-1860).  Increased oxidative species (EMODs) upregulate heme oxygenase (HO)-
a cytoprotective heme-degrading enzyme.  
 
In the vasculature, reactive oxygen species (EMODs) generated by both 
mitochondrial respiration and enzymatic sources serve as integral components of 
cellular signaling and homeostatic mechanisms.  
 
Here is the party line.  Because EMODs are highly reactive biomolecules, the cellular 
redox milieu is carefully maintained by small-molecule antioxidants and antioxidant
enzymes to prevent the deleterious consequences of EMODs excess. When this re
balance is perturbed, because of either increased EMODs production or decrease
antioxidant capacity, oxidant stress is increased in the vessel wall and, if not offset, 
vascular dysfunction ensues. A number of heritable polymorphisms of pro-oxidant 
enzymes, including 5-lipoxygenase, cyclooxygenase-2, nitric oxide synthase-3, an
NAD(P)H oxidase, have been identified and found to modulate EMODs product
and, thereby, the risk of atherothrombotic cardiovascular disease in individuals with 
these genetic polymorphisms. Similarly, heritable deficiency of the antioxidant enz
catalase, glutathione peroxidases, glutathione-S-transferases, heme oxygenase, and 
g
associated with an increased risk of vascular disease. Individually, each of these 
polymorphisms imposes a state of uncompensated oxidant stress on the vasculature and 
collectively comprise the oxidative enzymopathies (Leopold JA, Loscalzo J.Oxidativ
Enzymopathies and Vascular Disease.Arterioscler Thromb Vasc Biol. 2005 Mar 2
[Epub ahead of print]).  Thus, I believe that increases of oxidized LDL stimulate 
increased production of protective EMODs but the body then increases production 
of HO-1 and counteracts the protective aspects of the increased EMODs, and 
consequent to the production of HO-1, the atherosclerotic process progresses.   
 
Reactive oxygen species (EMODs) and the redox status of the cell contribute to 
physiological signaling processes and maintenance of homeostasis. The mechanisms by
which cells sense prooxidant states, and activate signaling pathways leading to 
adaptive responses, remain incompletely understood. Bacteria contain several 
transcriptional regulators (e.g., OxyR) and a low-molecular-weight heat shock protein 
(HSP33), whose activity increases upon oxidation of critical sulfhydryl residues. These 
proteins participate in cellular adaptation to oxidative stress. In higher organisms, heme
oxygenase-1 (HO-1) has been widely studied as a model for redox-regulated gene 
expression. Expression of HO-1 responds to chemical and physical agents that 
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directly or indirectly generate EMODs. Depletion of cellular reduced glutathion
may act as a signal for HO-1 transcriptional activation. Furthermore, antioxidant
and metal-chelating compounds can modulate HO-1 expression. Several signa
molecules (e.g., mitogen-activated protein kinases), transcriptional regulators (acti
protein-1, NF-E2-related factor-2, hypoxia-inducible factor-1, Bach-1), as well as two 
enhancer regions in the ho-1 5' regulatory region, participate in the regulation of the
gene. HO-1 protein expression can occur in the lung in response to oxidative stres
associated with infection, altered oxygen tension, and inflammatory diseases.  (RMH
Note: Here, I must ask, “Why is it necessary for HO-1 to i

e 
s 

ling 
vator 

 ho-1 
s 

 
nhibit the EMODs system, 

which is there to protect the body from the harmful effects of infection, altered 

 
 

The heme oxygenase system (HO) consists of three isozymes: the inducible HO-1 form, 
 
d 

 

so 
e 

of AOS 

ak 
 

 (HO) 
ll 

n 

onger half-life) enhances 
the broad spectrum UVA/NVL induction of this gene. Sodium azide and L-histidine 

 fluence-
ly hydroxyl 

dical scavengers, namely, mannitol and dimethyl sulfoxide do not. Rose Bengal, a 

 deuterium oxide. We conclude that the observed effects of 
euterium oxide and singlet oxygen scavengers on HO mRNA levels are not due to a 

ygen is a primary effector in the 
UVA/NVL induction of the human heme oxygenase gene. 

oxygen tensions and inflammatory diseases?”)  HO-1 remains widely regarded as a 
protective mechanism against oxidative tissue injury (Ryter SW, Choi AM.Heme 
oxygenase-1: redox regulation of a stress protein in lung and cell culture models. 
Antioxid Redox Signal. 2005 Jan-Feb; 7(1-2):80-91).  Again, it appears to me that the
body responds to invading pathological bacteria with an appropriate EMODs
prooxidant protective response.  The problems are created when the antioxidant 
systems counteract the oxidative systems and thus, nullify the self-healing and only 
protective system that our bodies have available to them. 

the constitutive HO-2 form, and the HO-3 form, whose gene has been recently cloned. In
biological systems, HO catalyses conversion of heme to carbon monoxide, biliverdin, an
iron. The protective effect of HO against oxidative stress is indirect - once formed,
biliverdin converts to bilirubin, endowed with strong antioxidant activity. In 
addition, the iron produced via the activity of HO stimulates the synthesis of ferritin, al
involved in the antioxidant response (long-term action). Yet the activity of HO can hav
harmful short-term effects, since iron also acts as a pro-oxidant via catalysis 
production. 

Both singlet oxygen and the hydroxyl radical are generated in mammalian cells by 
UVA (320-380 nm) and possibly near-visible (380-420 nm) radiation.  Basu-Mod
and Tyrrell have modulated the cellular levels of these two reactive oxygen species in
order to compare their involvement in the induction of the human heme oxygenase
gene by broad spectrum UVA/near-visible light (UVA/NVL) (Basu-Modak S, Tyrre
RM.  Singlet oxygen: a primary effector in the ultraviolet A/near-visible light inductio
of the human heme oxygenase gene.  Cancer Res. 1993 Oct 1;53(19):4505-10).  
Irradiation in deuterium oxide (in which singlet oxygen has a l

which are scavengers of both singlet oxygen and the hydroxyl radical reduce the
dependent accumulation of HO mRNA, while compounds which are on
ra
known generator of singlet oxygen, also increases the HO mRNA levels, and this 
induction is enhanced in
d
nonspecific effect on transcription but that singlet ox
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I believe that this data offers additional support for the case that oxidation 
decreases stenosis or restenosis and helps block plaque formation. 
 
Heme oxygenase is also implicated in the “French Paradox” as a mechanism for th
effects of resveratrol.  
 
4.8.10 The Most Common Dietary Supplements 

e 

An important prospective study of 200 subjects randomly selected among patients seen 
ty 

ritten 

tance of this study is its statistical delineation of the enormous number of 
Americans who are taking these products.  It is only by using the sophisticated 

thereby alert their 
patients to the harms from many of the supplements they are taking, and the help 

for a periodic health exam, 100 from a national cohort of executives and 100 communi
patients was presented.  The prevalence of dietary supplement use was 30.5% by w
self-report, but 61.0% reported during the structured interview.  The most common 
dietary supplements taken were multivitamins (41.5%), followed by vitamins E 
(24.0%) and C (23.0%) (Underreporting of Dietary Supplements to Health Care 
Providers does Great Harm. Victor Herbert, M.D., J.D., M.A.C.P.; in Mayo Clinic 
Proceedings, 1999; 74:531-2 (May).    

The impor

methodology of the authors that physicians generally can learn the frequency and nature 
of the food fortificants and  supplements that patients are taking, and 

from a few they are not taking (Barrett S, Herbert V.  The Vitamin Pushers.  Prometheus 
Press, 1994) (Herbert V. Introduction.  American Institute of Nutrition (AIN) Symposium 
on "Prooxidant  Effects of Antioxidant Vitamins." J Nutr 1996;126(Suppl 4):1197S-
1200S).   

Supraphysiologic doses of various “antioxidant” vitamins, with their adverse effects 
appear related to their prooxidant actions, and may promote cancer.   

act 
ke 

 

 

e established.  There is no convincing evidence that taking supplements 
of vitamin C prevents any disease.  No one should take beta carotene supplements.  

ts” 

All “antioxidant” fortificants and supplements, be they vitamins or herbs, are in f
redox agents, antioxidant in some circumstances, mainly in dietary reference inta
(DRI) and lower amounts, and prooxidant in other circumstances, mainly in greater
than DRI amounts (Herbert V. Introduction.  American Institute of Nutrition (AIN) 
Symposium on "Prooxidant Effects of Antioxidant Vitamins." J Nutr 1996;126(Suppl 
4):1197S-1200S).   

Evaluating vitamin supplements, The Medical Letter concluded that, “Supplements are
necessary to assure adequate intake of folic acid in young women and possibly of 
vitamins D and B12 in the elderly.  The benefits of taking high doses of vitamin E 
remain to b

A balanced diet may be more beneficial and safer than taking vitamin supplemen
(The Medical Letter.  Vitamin Supplements.  The Medical Letter 1998; 40 (1032): 75).   
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Strong support for this position on antioxidant vitamins was recently published in 
the American Journal of Public Health (Hercberg S, Galan P, Preziosi P.  Antioxida
vitamins and cardiovascular disease: Dr Jekyll or Mr. Hyde?  Am J Public Health 1999; 
89: 289).   

All vitamin supplements are chemically factory-synthesized, except for vitamin B

nt 

ans).   The d-form is its mirror image.  Supraphysiologic 
quantities of the d-form may promote a substantial number of the harms from such 

 
c 

e 
: 

2: 13).  
The representation that chemically synthesized vitamin supplements are natural is 

eference 
Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic 

Academy Press, Washington D.C. 1998) (Herbert V. 
in Harrison’s 9  Ed. (1999) Textbook of Medicine Online).                                       

A recent report on sterility from St. John’s wort, echinacea, and gingko, showed that 
ic 

rity 

er that vitamin D is a prooxidant. 

 

 

 

12, 
which is biosynthesized.  Chemical synthesis produces racemic (d, l) vitamins, of which 
only the l-form is natural (meaning it is the form present in plants and the form which is 
fully vitamin-active in hum

doses of them, as well as promoting the harms from supraphysiologic (400µg or
greater) doses of pteroylglutamic acid (PGA), the chemically synthesized PGA (foli
acid) in fortificants and pills (Kelly, et al.  Unmetabolized folic acid in serum: Acut
studies in subjects consuming fortified food and supplements.  Am J Clin Nutr 1997; 65
1790).  Biosynthesized means synthesized using bacterial enzymes, which produce only 
the natural l-form (McCoy M.  Chiral vitamins.  Chem & Eng News 1998; June 2

therefore misleading.     

Two recent reports present a compelling case for an oral vitamin B12 supplement of 
100µg daily, starting at age 50 in both sexes, taken alone on arising, to prevent vitamin 
B12 deficiency (Food and Nutrition Board, Institute of Medicine.  Dietary R

Acid, Biotin, and Choline.  National 
th

they damage reproductive cells (sperm and oocytes), and St. John’s wort is mutagen
to sperm cells.  (Ondrizek RR, Chan PJ, Patton WC, King A.  An alternative medicine 
study of herbal effects on the penetration of zona-free hamster oocytes and the integ
of sperm deoxyribonucleic acid.  Fertility and Sterility 1999; 71 (3): 517). 

4.8.11 Sunshine and Vitamin D    

Please rememb

The vitamin is D, nicknamed the "sunshine vitamin" because the skin makes it from 
ultraviolet rays. Sunscreen blocks its production, but dermatologists and health agencies
have long preached that such lotions are needed to prevent skin cancer. Now some 
scientists are questioning that advice. The reason is that vitamin D increasingly seems
important for preventing and even treating many types of cancer. In the last three 
months alone, four separate studies found it helped protect against lymphoma and 
cancers of the prostate, lung and, ironically, the skin. The strongest evidence is for
colon cancer. 
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No one is suggesting that people fry on a beach. But many scientists believe that "safe 
sun" — 15 minutes or so a few times a week without sunscreen — is not only possible 
but helpful to health. One is Dr. Edward Giovannucci, a Harvard University professo
medicine and nutrition who laid out his case in a keynote lecture at a recent American 
Association for Cancer Research meeting in Anaheim, Calif. His research suggest
vitamin D might help prevent 30 deaths for each o

r of 

s that 
ne caused by skin cancer. "I would 

challenge anyone to find an area or nutrient or any factor that has such consistent anti-
ally 

ily 
 of the 

vitamin D circulating in blood, Giovannucci said. 

ements contain the nutrient, but most use an old form — D-2 — that is far less 
potent than the more desirable D-3. Multivitamins typically contain only small amounts 

RDA, 
s 

How vitamin D may do this is still under study, but there are lots of reasons to think it 

_Several studies observing large groups of people found that those with higher vitamin D 

easure vitamin D, making the findings particularly strong. Even so, these 
studies aren't the gold standard of medical research — a comparison over many years of a 

alth claims involving other nutrients, 
including vitamin E and beta carotene.  

t vitamin D stifles abnormal cell growth, helps cells die 
when they are supposed to, and curbs formation of blood vessels that feed tumors.  

akes less vitamin D as people 
age.  

ich 
prevents them from making much vitamin D.  

cancer benefits as vitamin D," Giovannucci told the cancer scientists. "The data are re
quite remarkable." 

The dilemma is a lack of consensus on how much vitamin D is needed or the best way to 
get it. No source is ideal. Even if sunshine were to be recommended, the amount needed 
would depend on the season, time of day, where a person lives, skin color and other 
factors. But this is difficult. Vitamin D occurs naturally in salmon, tuna and other o
fish, and is routinely added to milk. However, diet accounts for very little

Suppl

of D-2 and include vitamin A, which offsets many of D's benefits. As a result, pills might 
not raise vitamin D levels much at all. Government advisers can't even agree on an 
or recommended daily allowance for vitamin D. Instead, they say "adequate intake" i
200 international units a day up to age 50, 400 IUs for ages 50 to 70, and 600 IUs for 
people over 70. Many scientists think adults need 1,000 IUs a day. Giovannucci's 
research suggests 1,500 IUs might be needed to significantly curb cancer.  

can:  

levels also had lower rates of cancer. For some of these studies, doctors had blood 
samples to m

large group of people who were given the vitamin with a large group who didn't take it. 
In the past, the best research has deflated he

_Lab and animal studies show tha

_Cancer is more common in the elderly, and the skin m

_Blacks have higher rates of cancer than whites and more pigment in their skin, wh

Page 329 of 931 



_Vitamin D gets trapped in fat, so obese people have lower blood levels of D. They 
also have higher rates of cancer.  

_Diabetics, too, are prone to cancer, and their damaged kidneys have trouble 
converting vitamin D into a form the body can use.  

_People in the northeastern United States and northerly regions of the globe like 
Scandinavia have higher cancer rates than those who get more sunshine year-round.  

Too much of the pill variety of vitamin D can cause a dangerous buildup of calcium i
the body. The government says 2,000 IUs is the upper daily limit for anyone over a ye
old. On the other hand, D from sunshine has no such limit. It's almost impossible to
overdose when getting it this way. However, it is possible to get skin cancer. And this is 

n 
ar 

 

where the dermatology establishment and Dr. Michael Holick part company.  

s. 

urging people to get enough sunlight to make vitamin D. "I am advocating common 
 rarely 

cancer deaths expected to occur in the United States this year.  

e ones tied to 

here 

oney attacking him. One such statement from the Sun Safety 
Alliance, funded in part by Coppertone and drug store chains, declared that "sunning to 

, 
 

Thirty years ago, Holick helped make the landmark discovery of how vitamin D work
Until last year, he was chief of endocrinology, nutrition and diabetes and a professor of 
dermatology at Boston University. Then he published a book, "The UV Advantage," 

sense," not prolonged sunbathing or tanning salons, Holick said. Skin cancer is
fatal, he notes. The most deadly form, melanoma, accounts for only 7,770 of the 
570,280 

More than 1 million milder forms of skin cancer will occur, and these are th
chronic or prolonged sun tanning. Repeated sunburns — especially in childhood and 
among redheads and very fair-skinned people — have been linked to melanoma, but t
is no credible scientific evidence that moderate sun exposure causes it, Holick contends.  

"The problem has been that the American Academy of Dermatology has been 
unchallenged for 20 years," he says. "They have brainwashed the public at every 
level."  

The head of Holick's department, Dr. Barbara Gilchrest, called his book an 
embarrassment and stripped him of his dermatology professorship, although he kept 
his other posts. She also faulted his industry ties. Holick said the school has received 
$150,000 in grants from the Indoor Tanning Association for his research, far less than the 
consulting deals and grants that other scientists routinely take from drug companies. In 
fact, industry has spent m

prevent vitamin D deficiency is like smoking to combat anxiety."  

Earlier this month, the dermatology academy launched a "Don't Seek the Sun" 
campaign calling any advice to get sun "irresponsible." It quoted Dr. Vincent DeLeo
a Columbia University dermatologist, as saying: "Under no circumstances should anyone
be misled into thinking that natural sunlight or tanning beds are better sources of vitamin 
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D than foods or nutritional supplements." That opinion is hardly unanimous, though, ev
among dermatologists.  

"The statement that 'no sun exposure is good' I don't think is correct anymore," sa
Henry Lim, chairman of dermatology at Henry Ford Health System in Detroit and an 
academy vice president. Some wonder if vitamin D may turn out to be like another 
vitamin, 

en 

id Dr. 

folate. High intake of it was once thought to be important mostly for pregnant 
women, to prevent birth defects. However, since food makers began adding extra folate 

ve 

ctor DeLuca, a University of Wisconsin-Madison biochemist who 
did landmark studies on the nutrient. About a dozen major studies are under way to test 

cer, said Dr. Peter Greenwald, chief of cancer 
revention for the National Cancer Institute. Several others are testing its potential to 

 

)2D], is associated with inhibition of cell cycle progression, induction of 
differentiation, and apoptosis.  In addition, 1,25(OH)2D3 augments the activity of 

ent, 
iberman, 

2001; 61: 1439-1444). 

 the 

and 

4022, 1995).  

to flour in 1998, heart disease, stroke, blood pressure, colon cancer and osteoporosis ha
all fallen, suggesting the general public may have been folate-deficient after all.  

With vitamin D, "some people believe that it is a partial deficiency that increases the 
cancer risk," said He

vitamin D's ability to ward off can
p
treat the disease. Two recent studies reported encouraging signs in prostate and lung 
cancer.  

As for sunshine, experts recommend moderation until more evidence is in hand. "The 
skin can handle it, just like the liver can handle alcohol," said Dr. James Leyden, 
professor emeritus of dermatology at the University of Pennsylvania, who has consulted 
for sunscreen makers. "I like to have wine with dinner, but I don't think I should drink
four bottles a day."  

4.8.12 Vitamin D   1,25(OH)2D3
 
The anticancer activity of the hormonal form of vitamin D, 1,25-dihydroxyvitamin 
D [1,25(OH

anticancer agents that induce excessive reactive oxygen species generation in their 
target cells.  This study aimed to find out whether 1,25(OH)2D3 acting as a single ag
is a prooxidant in cancer cells (Koren, R, Hadari-Naor, I., Zuck, E., Rotem, C, L
U.A. and Ravid, A.  Vitamin D is a prooxidant in breast cancer cells.  Cancer Res 

 
Taken together, these findings indicate that 1,25(OH)2D3 causes an increase in
overall cellular redox potential that could translate into modulation of redox-sensitive 
enzymes and transcription factors that regulate cell cycle progression, differentiation 
apoptosis. 

Various lines of evidence, supported by pharmacological studies in animal models and a 
number of epidemiological studies, indicate that the hormonal form of vitamin D, 
1,25(OH)2D, acts as an anticancer agent in vivo (Studzinski G. P., Moore D. C. 
Sunlight—can it prevent as well as cause cancer?. Cancer Res., 55: 4014-
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Vitamin D is biotransformed by two consecutive hydroxylation steps in the liver an
kidney

d 

homeostasis. It is now recognized that 1,25(OH)2D3 also acts in a paracrine manner and 
 to 1,25(OH)2D, the hormone responsible for calcium and phosphate 

 

is produced extra-renally by various cells including activated macrophages and 
some tumor cells (Bell N. H. Renal and nonrenal 25-hydroxyvitamin D-1 -hydroxylas
and their clinical significance. J. Bone Miner. Res., 13: 350-353, 1998) (Mawer E. B., 
Hayes M. E., Heys S. E., Davies M., White A., Stewart M. F., Smith G. N. Constitutive 
synthesis of 1,25-dihydroxyvitamin D3 by a human small cell lung cancer cell line..
Clin. Endocrinol. Metab., 79: 554-560, 1994) (Schwartz G. G., Whitlatch L. W., Ch
C., Lokeshwar B. L., Holick M. F. Human prostate cells synthesize 1,25-
dihydroxyvitamin D3 from 25-hydroxyvitamin D3.. Cancer Epidemiol. Biomarkers 
Prev., 7: 391-395, 1998). Such

es 

 J. 
en T. 

t 
rt 

anticancer agents. Researchers have found 
that 1,25(OH)2D3 and its synthetic analogues increased the susceptibility of cancer cells 

obi R., Koren R., 
Liberman U. A., Wasserman L., Ravid A. 1,25-Dihydroxyvitamin D3 increases the 

 local production may result in accumulation of the 
hormone within the tumor milieu to levels that exceed those in the circulation. 

The in vivo anticancer activity of 1,25(OH)2D3 has been commonly attributed to its direc
cytostatic and cytotoxic effects on cancer cells. In addition, 1,25(OH)2D3 may exe
some of its activity by cooperating with other  

to the cytotoxic/cytostatic action of tumor necrosis factor (Yac

sensitivity of human renal carcinoma cells to tumor necrosis factor-  but not to 
interferon-  or lymphokine-activated-killer cells.. J. Endocrinol., 149: 327-333, 1996), 
interleukin 1, interleukin 6 (Koren R., Rocker D., Kotestiano O., Liberman U
A. Synergistic anticancer activity of 1,25-dihydroxyvitamin D

. A., Ravid 

The 

 their 

., Radeke H. H., Selle S., Younes M., Sies H., Resch K., 
Habermehl G. G. Human fibroblasts release reactive oxygen species in response to 

3 and immune cytokines. 
The involvement of reactive oxygen species. J. Steroid Biochem. Mol. Biol., 73: 105-
112, 2000), doxorubicin, menadione, and radiation (Sundaram S., Gewirtz D. A. 
vitamin D3 analog EB 1089 enhances the response of human breast tumor cells to 
radiation. Radiat. Res., 152: 479-486, 1999). 

4.8.13 Vitamin D Kills Cancer Cells with Increased EMODs 

A feature shared by the agents whose potency is increased by 1,25(OH)2D3
 is

ability to bring about excessive EMODs generation in their target cells (Ngo E. 
O., Sun T. P., Chang J. Y., Wang C. C., Chi K. H. A., Cheng L., Nutter L. M. 
Menadione-induced DNA damage in a human tumor cell line.. Biochem. Pharmacol., 42: 
1961-1968, 1991 ) (Meier B

interleukin-1 or tumour necrosis factor- .. Biochem. J., 263: 539-545, 1989 ) (Lown J. 
W., Chen H. H., Plambeck J. A., Acton E. M. Further studies on the generation of 
reactive oxygen species from activated anthracyclines and the relationship to cytotoxic 
action and cardiotoxic effects. Biochem. Pharmacol., 31: 575-581, 1982).  

The potentiation of the cytotoxic/cytostatic action of doxorubicin or the immune 

cytokines by 1,25(OH)2D3 is markedly inhibited by the addition of the thiol antioxidant,
N-acetylcysteine. The oxidative stress experienced by cells exposed to TNF, reflected

 
 in 
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the reduction in soluble thiol levels late in the death process, was exacerbated when in the 
presence of 1,25(OH)2D3.  

 Cells are continuously exposed to EMODs produced intracellularly by normal aerobic 
evel of 

J., 

 
 

nal 
idant 

, 
 

15: 351-369, 1997).

 

fide 

cells. However, Koren et al 
have reported previously that treatment with 1,25(OH)2D3

 inhibited the expression of 
 

 selective enhancement of intracellular glutathione peroxidase or superoxide 
dismutase content in human MCF-7 breast cancer cells.. Free Radic. Res. Commun., 12–

metabolism. It is commonly accepted that, under normal conditions, the cellular l
EMODs is tightly controlled and may even serve a physiological function (Lander H. M. 
An essential role for free radicals and derived species in signal transduction.. FASEB 
11: 118-124, 1997) (Finkel T. Oxygen radicals and signaling. Curr. Opin. Cell Biol., 10: 
248-253, 1998). It seems that EMODs can and do function in signal transduction in
mammalian cells, and that the activity of several transcription factors is regulated
by the cellular redox state (Sun Y., Oberley L. W. Redox regulation of transcriptio
activators. Free Radic. Biol. Med., 21: 335-348, 1996) (Sen C. K., Packer L. Antiox
and redox regulation of gene transcription. FASEB J., 10: 709-720, 1996) (Nakamura H.
Nakamura K., Yodoi J. Redox regulation of cellular activation. Annu. Rev. Immunol.,

 

Thiols, and particularly glutathione, provide one of the major cellular protective 
mechanisms against EMODs and an increase in the ratio between the disulfide oxidation
product (GSSG) of glutathione and its reduced form (GSH) is a useful marker of cell 
oxidative stress (Adams J. D., Mitchell J. R. Plasma glutathione and glutathione disul
in the rat: regulation and response to oxidative stress.. J. Pharmacol. Exp. Ther., 227: 
749-754, 1983).  The glutathione pair is coupled to other major redox pairs within the 
cell, and changes in the ratio between GSSG and GSH reflect changes in the overall 

cellular redox state; and the activity of the glycolytic enzyme GAPDH is extremely 
sensitive to thiol oxidation because of an essential cysteine residue in its active site. The 
extent of this oxidation is considered a sensitive marker of cellular ROS homeostasis. 

The ability to degrade H2O2 either by GPx or catalase or to handle organic peroxides by 
glutathione transferase is not impaired in 1,25(OH)2D3-treated 

one of the major constituents of the cellular defense system against EMODs, the
enzyme Cu/Zn SOD. This decrease could be one of the mechanisms underlying the 
prooxidant action of 1,25(OH)2D3. Indeed, it was previously shown that overexpression 
of SOD protects MCF-7 cells from injury caused by various EMODs generating agents 
(Doroshow J. H., Akman S., Esworthy S., Chu F. F., Burke T. Doxorubicin resistance 
conferred by

13(Pt.2): 779-781, 1991) (Manna S. K., Zhang H. J., Yan T., Oberley L. W., Aggarwal 
B. B. Overexpression of manganese superoxide dismutase suppresses tumor necrosis 
factor induced apoptosis and activation of nuclear transcription factor- B and activated 

rotein-1.. J. Biol. Chem., 273: 13245-13254, 1998).  

Decrease

p

 

sed 

 in SOD levels would cause a shift in the balance between superoxides and
H2O2. Increased levels of superoxides can, in turn, cause increased oxidative damage 
attributable to interaction with NO to form the highly toxic peroxynitrite and to increa
availability of free iron that supports hydroxyl radical formation via the Fenton reaction 
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(Minotti G. Sources and role of iron in lipid peroxidation. Chem. Res. Toxicol., 6: 134-
146, 1993). 

Changes in the redox state could translate into reversible oxidation of cysteines in
major proteins that determine cell fate, such

 

actor 
 as protein kinases, protein tyrosine 

phosphatases, and transcription factors (e.g., Sp1, activator protein-1, nuclear f
B, and p53. Key components of the apoptotic process, such as mitochondrial 

permeability transition pores and caspases, are also subject to redox regulation 
(Broekemeier K. M., Klocek C. K., Pfeiffer D. R. Proton selective substrate of the 
mitochondrial permeability transition pore: regulation by the redox state of the electron 
transport chain.. Biochemistry, 37: 13059-13065, 1998) (Hampton M. B., Fadeel B., 
Orrenius S. Redox regulation of the casp

 
ases during apoptosis. Ann. NY Acad. Sci., 854: 

328-335, 1998). Oxidation of the cysteine in the active site of GAPDH may be considered 

a sensitive, easily accessible marker for these processes.  

It is noteworthy that the increase in the cellular redox potential reported here (3–8 
mV) is of the same order of magnitude as the redox change (15 mV) that was shown to 
abolish the DNA-binding ability of the transcription factors activator protein-1 and 
nuclear factor B (Clive D. R., Greene J. J. Cooperation of protein disulfide isomerase 
and redox environment in the regulation of NF- B and AP1 binding to DNA.. Cell 
Biochem. Funct., 14: 49-55, 1996). It was also shown that, at a GSSG:GSH ratio of 0.05 

es in the DNA-
binding domain of c-Jun were reversibly glutathionylated and thus sensitive to small 

e cellular redox state similar to 
those found in the present study can indeed affect the function of redox-sensitive proteins. 

2O2, provides additional 
vidence of the biological significance of the action of this hormone (R Koren, I 

d A Ravid . Vitamin D Is a Prooxidant 
 Breast Cancer Cells. Cancer Research 61, 1439-1444, February 15, 2001). 

ll 
ion of 

e 

li 
h 

(similar to the values presented in this study), 50% of the cysteine residu
 

changes in the cellular redox potential.  

These and similar findings indicate that perturbations in th  

 

Our finding that the effect of 1,25(OH)2D3 on the cellular redox state is similar to 
that caused by an hour of exposure to the potent oxidant H

 e
Hadari-Naor, E Zuck, C Rotem, U A. Liberman an
in

This cancer cytotoxicity is again produced by an excess of EMODs. 

The anticancer activity of 1,25(OH) D  is associated with induction2 3
 of differentiation, ce

cycle arrest, and apoptosis, and with sensitization of cancer cells to the cytotoxic act
some host anticancer agents and therapeutic modalities.  

The data on 1,25(OH) D  supports my Unified Theory by showing that EMODs ar
part of the perpetual cancer cytotoxic control mechanism. 
 
4.9 Singlet Oxygen Reactions with Proteins 
 
Singlet oxygen 

2 3

1O  is believed to be generated in biological systems by a range of 
endogenous processes (e.g. enzymatic and chemical reactions) and exogenous stimu
(e.g. UV or visible light in the presence of a sensitiser). Kinetic data is consistent wit

2
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proteins being a major target for 1O2, with damage occurring preferentially at Trp, His, 
rise to 

rther reactive species.  This is, in part, what I refer to when I say that EMODs 

 
tion 

 

 apoptosis 
 

 
t 

n 

-1 
 

tosis in 
greater extent than in normal cells. Further, downregulation of 

AS surface expression in malignant T cells was associated with the inhibition of UVA-1 
f great interest to 

arn that addition of the caspase inhibitor Z-VADfmk decreased and interferon-gamma 
creased 
re, 

ith 
d 

ls 

.9.2 Evidence of EMODs Deficiency States in Skin with Aging 

Tyr, Met, and Cys side-chains. Reaction with each of these residues gives 
fu
tend to control their own interactions and reactions.  Products arising from radical 
intermediates can also be generated, particularly in the presence of UV light and metal
ions.  With His side-chains, poorly characterized peroxides are also formed. Reac
with Met and Cys has been proposed to occur via zwitterionic peroxy intermediates. 
Peroxides are also generated on isolated proteins, and protein within intact cells, via 
1O2 mediated reactions.  These secondary reactions, and particularly those involving 
hydroperoxides, may play a key role in the induction of secondary damage (bystander 
effects) in systems subject to photo-oxidation (Davies MJ.  Reactive species formed on
proteins exposed to singlet oxygen.  Photochem Photobiol Sci. 2004 Jan;3(1):17-25).  
 
4.9.1 Singlet Oxygen Affects Malignant and Normal Cells Differently 
 
Ultraviolet (UV) A-1 (340-400 nm) radiation is highly effective in inducing
in skin-infiltrating T cells and thereby exerts beneficial effects in patients with T
cell-mediated skin diseases. In this in vitro study, Yamauchi et al report that 
malignant and normal T cells differ in their susceptibility toward UVA-1 radiation-
induced apoptosis. Dose-response studies revealed that malignant CD4+ T cells isolated
from a patient with adult T cell leukemia and Sezary's syndrome as well as malignan
T cell lines exhibited a significantly higher susceptibility toward UVA-1 radiation-
induced apoptosis 4 h (early apoptosis) and 24 h (late apoptosis) after exposure tha
normal, CD4+ T cells. This difference was specific for UVA-1 irradiation because it was 
not detected when apoptosis was induced in these cells through exposure to UVB 
radiation or stimulation with cell-permeable ceramides. It has been shown that UVA
radiation-induced T cell apoptosis is initiated through the generation of singlet
oxygen. This is in agreement with the present observation that stimulation of 
unirradiated cells with a singlet oxygen-generating system induced apop
malignant cells to a 
F
radiation/singlet oxygen-induced apoptosis in these cells. It was thus o
le
stimulation, which is known to upregulate caspase levels including caspase-3, in
the sensitivity of T cells toward UVA-1 radiation-induced apoptosis. Furthermo
malignant T cells had significantly higher procaspase-3 levels when compared w
normal cells. These studies indicate that the susceptibility of human T cells towar
UVA-1 radiation-induced apoptosis is related to the availability of caspases such as 
caspase-3 (Yamauchi R, Morita A, Yasuda Y, Grether-Beck S, Klotz LO, Tsuji T, 
Krutmann J.  J  Different susceptibility of malignant versus nonmalignant human T cel
toward ultraviolet A-1 radiation-induced apoptosis.  Invest Dermatol. 2004 
Feb;122(2):477-83). 
 
4
 
Aging proceeds by highly complicated biochemical processes, in which the 
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involvement of the reactive oxygen species (RONS) and free radicals has bee
implicated. Although the relationship between UV-induced photoaging and EMOD
generation has been proposed, it has been possible to establish direct proof of the 
generation of EMODs in the skin under UV exposure. Yasui and Sakurai reported finding
endogenously generated EMODs in the skin of live mice after UVA light exposure by a 
method of in vivo chemiluminescent detection, in which superoxide anion radical O

n 
s 

 

 

 
wer than those in young rats.  Please look at this important data.  The 

 in which it will be forced 
 fit the flawed theory.  I have seen this happen over and over again whereby good 

h 
ing.  

e; 
ing, 

lar utilization are all going down with aging.  
 would be illogical for levels of EMODs to increase under these circumstances.  

heir data shows two important observations: 1) the levels of EMODs decreases 
ith age and 2) the levels of EMODs is lower in old animals as compared to young 

 the authors try to lower the value of their data to fit the Free 
wever, the ratios of chemiluminescent intensities in the UVA-

skin were significantly enhanced in an age-

t 

e is 
s have the microsomal mixed 

2
.-

and singlet oxygen species  1O   are contributed (Yasui H, Sakurai H. Age-dependent 
generation of reactive oxygen species in the skin of live hairless rats exposed to UVA 
light.  Exp Dermatol. 2003 Oct;12(5):655-61). 
 
Chemiluminescent levels due to EMODs in the untreated and UVA-exposed skin 
decreased age dependently, and the signal intensities in old rats were significantly

2

lo
chemiluminescence decreased with aging and this is prima facia evidence that 
EMODs levels decreased in an age dependent manner.  Yet, because of the Free Radi-
Crap theory, the authors try to explain away their data in a way
to
data is thrown at a bad theory.  Next, Yasui and Sakurai showed that the signal 
intensities in the old rats were significantly lower than those in young rats.  Enoug
said.  That basically proves that EMODs levels reach deficiency states with ag
Their levels are going down and not up, as so many have implied.  This makes sens
due to the fact that most parameters associated with oxygen uptake, oxygen bind
oxygen transportation, and oxygen cellu
It
 
T
w
animals.  Again, I believe that this is very important data.  
 
Here, unfortunately,
Radi-Crap theory.  Ho
exposed skin to those in the untreated 
dependent manner. These results suggest that the antioxidative ability against EMODs 
generation in the skin, possessed by antioxidant enzymes and low molecular weigh
antioxidants, is lowered age dependently. 
 
4.9.3 Heme Degradation and EMODs 
 
 
Heme proteins play a major role in various biological functions, such as:  
-oxygen sensing 
-electron transport  
-signal transduction  
-and antioxidant defense enzymes.  
Most of these reactions are carried out by redox reactions of heme iron. As the hem
not recycled, most cells containing heme protein
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function oxygenase, heme oxygenase, which enzymatically degrades heme to biliverdin, 
ool of heme 

rotein, hemoglobin, contains no heme oxygenase, and enzymatic degradation of the 

 

 

 

or 

to 
e.  Uric 

cid was identified, using uricase and add-back experiments, as both the major 
 the ultrafiltrate for LDL.  The ultrafiltrate or uric 

cid rapidly reduced Cu2+ to Cu+.  The reduction of Cu2+ to Cu+ may help to explain 

idized 
e 

idant properties of human serum ultrafiltrates 
ward LDL:  important role of uric acid.  J Lipid Res 2003; 44(3): 512-521). 

e 

 be 
., 

y 
 

carbon monoxide, and iron. However, the red cell with the largest p
p
red cell heme occurs only after the senescent red cells are removed by the 
reticuloendothelial system. Therefore, only nonenzymatic heme degradation, initiated
when the heme iron undergoes redox reactions in the presence of oxygen-producing 
reactive oxygen species, takes place in the red cell. Unlike enzymatic degradation, 
which specifically attacks the alpha-methene bridge, reactive oxygen species randomly 
attack all the carbon methene bridges of the tetrapyrrole rings, producing various pyrrole
products in addition to releasing iron. Hemoglobin is the dominant red cell heme 
protein. (Nagababu E, Rifkind JM.  Heme degradation by reactive oxygen species.  
Antioxid Redox Signal. 2004 Dec; 6(6):967-78). 
 
4.9.4 Human Serum Ultrafiltrates and Uric Acid (Prooxidant) 
 
Oxidized LDL is present within atherosclerotic lesions, which may demonstrate a failure
of antioxidant protection.  A normal human serum ultrafiltrate of Mr below 500 was 
prepared as a model for the low Mr components of interstitial fluid, and its effects on 
LDL oxidation were investigated.  The ultrafiltrate (0.3%, v/v) was potent antioxidant f
native LDL, but was a strong prooxidant for mildly oxidized LDl when copper, but not a 
water soluable azo initiator, was used to oxidize LDL.  Adding a lipid hydroperoxide 
native LDL induced the “antioxidant to prooxidant switch” of the ultrafiltrat
a
antioxidant and prooxidant within
a
both the antioxidant and prooxidant effects observed.  The decreased concentration of 
Cu2+ would inhibit tocopherol-mediated peroxidation in native LDL, and the generation 
of Cu+ would promote the rapid breakdown of lipid hydroperoxides in mildly ox
LDL into lipid radicals.  The net effect of the low Mr serum components would therefor
depend on the preexisting levels of lipid hydroperoxides in LDL.  These findings may 
help to explain why LDL oxidation occurs in atherosclerotic lesions in the presence of 
compounds that are usually considered to be antioxidants (Patterson, R.A., Horsley, E.T. 
and Leake, D.S.  Prooxidant and antiox
to
 
4.9.5 Catechins (Prooxidants) 
 
Catechins are known to have both antioxidant and prooxidant activities.  It has been 
reported that crude extract from tea has antioxidant activity and that main antioxidativ
components are catechins, e.g., epigallocatechin gallate, epicatechin gallate, 
epigallocatechin and epicatechin.  However, some catechins have also reported to
mutagenic and co-carcinogenic by generating free radicals under certain conditions, e.g
in the presence of metal ions.  Since tea, one of the main catechins source in our dail
life, is believe to be important to our health, we have studied anti- and prooxidant effect
of catechins under several conditions. 
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From these results, catechins appear to have dual roles depending on the oxidation 
le-strand breakage significantly in 

e presence of NO-releasing compound.  This prooxidant effect of epigallocatechin 

n 

al 
o, 

Additional Antioxidant-Prooxidant Studies 

 
 

ic acid and gallic acid act as prooxidants for the 
duction of apoptotic cell death (Sakagami, H. and Satoh, K.  Prooxidant action of two 

 221-

rast, Probucol 
hibited the oxidation even at low concentrations suggesting ineffective formation of 

 not 

n that the oxidation of LDL by peroxidases is actually 
nhanced by the presence of antioxidants such as vitamin E and 

ncer activity of the hormonal form of vitamin D, 1,25-dihydroxyvitamin 
 [1,25(OH)2D], is associated with inhibition of cell cycle progression, induction of 

1,25(OH)2D3 augments the activity of 
nticancer agents that induce excessive reactive oxygen species generation in their 

systems.  Catechins with gallate structure induced sing
th
gallate and epicatechin gallate in the presence of NO may be due to peroxynitrite formed 
by the reaction between NO and superoxide.  In lipid oxidation system, catechins with 
gallate structure were reduced dramatically in the presence of copper and inhibit the 
increase of TBARS by lipid peroxidation.  In both models, catechins with gallate 
structure seem to be more active both as an antioxidant and as a prooxidant tha
other catechins (Yumiko, Y, Takeshi, S and Hiroshi, O.  Antioxidant and prooxidant 
actions of catechins: effects on DNA damage lipid oxidation system.  2nd Internation
Electronic Conference on Synthetic Organic Chemistry.  Konan, Minato-ku, Toky
Japan). 
 
4.9.6 
 
The addition of two antioxidants, ascorbic acid or gallic acid to distilled water resulted
in the rapid increase in the reduction potential, which “a few seconds,” later was replaced
with much higher oxidation potential.  The addition of these compounds to culture 
medium dose-dependently increased the oxidation potential only.  Ascorbic acid 
analogs, which had apoptosis-inducing activity, showed similar oxidation potential, 
whereas inactive analogs did not.  The combination of ascorbate and hydrogen peroxide 
additively enhanced both the oxidation potential and cytotoxic activity.  These data 
demonstrate that both ascorb
in
antioxidants:  ascorbic acid and gallic acid.  Anticancer Res 1997 Jan-Feb; 17(1A):
224). 
 
Addition of vitamin E increased the rate of oxidation of LDL.  In cont
in
probucol radical or the sterically hindered Probucol radical was inefficient in catalyzing 
subsequent oxidation.  The oxidation of LDL by horse radish peroxidase was also 
enhanced in the presence of diphenylphenylenediamine, an antioxidant that does
have a phenolic –OH group (Santanam, N. and Parthasarathy, S.  Paradoxical actions of 
antioxidants in the oxidation of low density lipoprotein by peroxidases.  J Clin Invest 
1995 June; 95: 2594-2600). 
 
In this study it was show
e
diphenylphenylenediamine (DPPD).  These results would suggest that the added 
vitamin E actually participated and enhanced the rate of oxidation. 
 
The antica
D
differentiation, and apoptosis.  In addition, 
a
target cells.  This study aimed to find out whether 1,25(OH)2D3 acting as a single agent, 
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is a prooxidant in cancer cells (Koren, R, Hadari-Naor, I., Zuck, E., Rotem, C, Liberman,
U.A. and Ravid, A.  Vitamin D is a prooxidant in breast cancer cells.  Cancer Res 
2001; 61: 1439-1444). 
 
Taken together, these findings indicate that 1,25(OH)2D3 causes an increase in 
overall cellular redox potential that could translate into modulation of redox-sensitive 
enzymes and transcription factors that regulate cell cycle progression, differentiation an
apoptosis. 

 

the 

d 

 
ssues in both its oxidized and reduced forms.  It is readily absorbed from an oral dose.  

t 

e 
haracteristics a-lipoic acid is likely to have therapeutic application in a wide range of 

in; 
ubsequently was found to be synthesized by animals and humans. 

d 
 acid 

s.  Ascorbic acid, and indirectly vitamin E, is 
ought to be regenerated by DHLA.  α-lipoic acid can cause an increase in intracellular 

xperts are in general agreement that a-lipoic acid is capable of scavenging hydroxyl 
xyl 

nd superoxide.  DHLA is both an antioxidant and prooxidant in studies where 

 

 
4.9.7 α-Lipoic Acid (LA) (Prooxidant) 
 
a-Lipoic acid is unique in its ability to act as an antioxidant in fat- and water-soluble
ti
Because of its myriad biological activities, including an ability to chelate metals and to 
scavenge a wide array of free radicals, a-lipoic acid is considered by several experts 
to be an ideal antioxidant, including Dr. Packer.  Clinical applications for this nutrien
include the following conditions:  diabetic polyneuropathy, cataracts, glaucoma, 
ischemia-reperfusion injury, and Amanita mushroom poisoning.  Because of its uniqu
c
additional clinical conditions (Alt Med Rev 1997; 2(3): 177-183). 
 
α-Lipoic acid, first isolated in 1951 by Reed and coworkers as a catalytic agent 
associated with pyruvate dehydrogenase.  It was originally classified as a vitam
however, it s
 
Lester Packer, Ph.D., of the University of California at Berkeley, has suggested a-lipoic 
acid is an ideal antioxidant candidate because of its role in the following:  specificity of 
free radical quenching, metal chelating activity, interaction with other antioxidants, an
effects on gene expression (Packer, L., Witt, E.H. and Tritschler, H.J.  Alpha-lipoic
on vitamin C and vitamin E deficiencies.  Arch Biochem Biophys 1959; 80: 86-93). 
 
a-Lipoic acid has a low redox potential, and through its reduced form, DHLA, very 
readily donates electrons to other compound
th
glutathione.  DHLA can regenerate Coenzyme Q10, and NADPH or NADH via 
glutathione. 
 
E
radicals, hypochlorous acid, and singlet oxygen, but not hydrogen peroxide, pero
a
hydroxyl radicals were generated.  It protects against single strand DNA breaks 
induced by singlet oxygen, although it does not do so directly and several steps might be 
involved in the process (Suzuki, Y.J., Isuchiya, M. and Packer, L.  Thiotic acid and 
dihydrolipoic acid are novel antioxidants which interact with reactive oxygen species. 
Free Rad Res Comms 1991; 15: 255-263). 
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a-Lipoic acid appears capable of chelating transition metals in biological systems.  It 
forms stable complexes with copper, manganese and zinc ions.  Its ability to chelate 

on remains equivocal. 

ls. 

te 
ons seen in diabetes.  These sugar-damaged proteins are 

ferred to as advanced Glycosylation end products (AGEs).  AGEs increase with the 
 and 

alent 
 T. 

ic 

ate 

 
mation 

 

 
 and 23% of control levels, respectively, by BSO 

eatment, but were maintained at 84-97% of control levels when either racemic or R-
ble to 

oic 
et al.  

 
 finds, it suggests a-lipoic acid must be 

duced to DHLA, which is then responsible for the neuroprotection (Nichols, T.W.  a-

tors 
 and Mason, R.P.  Sulfur-centered radical formation form the antioxidant 

ihydrolipoic acid.  J Biol Chem 2001; 276: 42677-42683), reported prooxidant 

ir
 
a-Lipoic acid administration prevented diabetes in 70% of diabetes induced anima
 
Glycation of protein caused by elevated blood and tissue glucose is believed to contribu
to many of the complicati
re
length of hyperglycemia and are thought to be responsible for the kidney damage
advanced atherosclerosis seen in diabetes.  Packer and Kawabata found noncov
binding of a-lipoic acid to albumin protected proteins against glycation (Kawabata,
and Packer, L.  Alpha-lipoate can protect against glycation of serum albumin, but not low 
density lipoprotein.  Biochem Biophys Res Comms 1994; 203: 99-104). 
 
High levels of activity of the enzyme aldose reductase have been associated with diabet
cataracts.  Aldose reductase is inhibited by a-lipoic acid in rat lenses (Ou, P., 
Nourooz-Zadeh, J., Tritschler, H.J. and Wolff. S.P.  Activation of aldose reductase in r
lens and metal-ion chelation by aldose reductase inhibitors and lipoic acid.  Free Radic 
Res 1996; 25: 337-346). 
 
Dietary supplementation of a-lipoic acid has been shown to prevent cataract 
formation caused by buthionine sulfoximine-induced (BSO) inhibition of 
glutathione synthesis in newborn rats (Maitra, I., Serbinova, E., Tritschler, H.J. and
Packer, L.  Alpha-lipoic acid prevents buthionine sulfoximine-induced cataract for
in newborn rats.  Free Radic Biol Med 1995; 18: 823-829).  Maltra et al suggest a-lipoic
acid’s protective effect for BSO-induced cataract formation is probably due to its 
protective effects on lens antioxidants.  The lens antioxidants glutathione, ascorbate,
and vitamin E were depleted to 45, 62
tr
alpha-lipoic acid were administered.  S-alpha-lipoic acid administration was una
prevent the depletion of lens antioxidant levels. 
 
In middle cerebral artery occlusion in mice, treatment with DHLA, but not a-lip
acid, reduced the size of the infarct (Prehn, J.H., Karkoutly, C., Nuglisch, J., 
Dihydrolipoate reduces neuronal injury after cerebral ischemia.  J Cereb Blood Flow
Metab 1992; 12: 78-87).  Based upon their
re
Lipoic acid:  biological effects and clinical implications.  Alt Med Rev 1997; 2(3): 177-
183).  In addition to its antioxidant activities, dihydrolipoate may exert prooxidant 
actions through reduction of iron. 
 
a-Lipoic acid (LA) is being investigated as a glucose-lowering agent for diabetes 
control; it is also considered a powerful dietary antioxidant.  Mason and collabora
(Mottley, C.
d
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properties of LA in chemical systems (Moini, H., Packer, L. and Saris, N.E.  
Antioxidant and prooxidant activities of a-lipoic acid and dihydrolipoic acid. 2002, 
Toxicol Appl Pharmacol  182(1): 84-90). 
 
Redox-dependent mechanisms (especially by hydrogen peroxide) have been shown 
to regulate a wide variety of cellular functions and responses.  It is generally acce
that intracellular redox status plays an important role in the modulation of insulin
action.  LA is an effective modulator of cellular redox status.  LA can cross biological 
membranes and thereby alter the redox status of cells.  It has repeatedly been sh
under certain conditions antioxidants may also act

pted 
 

own that 
 as prooxidants and LA is no 

xception. 

 
sue or cells, it might 

nction dose dependently as a prooxidant (Moini, H., Tirosh, O., Park, Y.C., Cho, 
 

-391).  
s is 

o LA 
 

cogen synthesis. 

gen 

 
 

 has been suggested that LA in its free form, as an antioxidant or as an insulin-
d, should be administered in doses up to 2 g/d or 100 mg/kg . d) in 

nimal models.  However, if treatment is for long time periods, possible deleterious 
 LA after 

. to 

e
 
LA acts as a powerful antioxidant only after long-term incubation in cell cultures. 
However, after short-term incubation and rapid uptake by tis
fu
K.J. and Packer, L.  R-α-lipoic acid action on cell redox status, in the insulin receptor,
and glucose uptake in 3T3-L1 adipocytes.  Arch Biochem Biophys 2002; 397: 384
The long term in vivo balance between the two opposite effects of racemic form
unclear.  The beneficial role of LA supplementation in patients with NIDDM could be 
manifested by a mild prooxidant activity of the compound leading to cellular adaptation 
against oxidative stress in addition to the attenuation of reductive stress (over 
accumulation of reducing equivalents) in diabetes. 
 
In the isolate soleus muscle model used in this study, direct exposure of the muscle t
increased glucose uptake.  However, the term insulin mimetic compound (LA) may be
misleading because insulin also stimulated gly
 
TBH, an oxidant, had the same effect as LA on glucose uptake and the glyco
synthesis rate.  Because of its chemical structure, LA can act as a mild oxidant 
molecule before conversion to its reduced form, dihydrolipoic acid.  More 
specifically, LA has been shown to oxidize sulfhydryl groups of cellular components in 
the insulin-signaling pathway and thereby modulate their activity.  Indeed, in the isolated
muscle model, LA appears to play the part of a mild oxidant.  Glycogen synthesis was
found to be sensitive to oxidant treatment.  Both LA and TBH, in combination and 
separately, inhibited glycogen storage.  Interestingly and in accordance with the 
observation of a redox control mechanism of glycogen synthesis, insulin decreased 
muscle endogenous ROS production and stimulated glycogen synthesis.  Insulin also 
lowered the effect of LA on ROS production. 
 
It
mimicking compoun
a
prooxidant activities of the compound should be considered.  Concentrations of
a single intravenous injection of 200 mg or oral supplementation of 600 mg reached 50 
µmol/L plasma at 30 min.  Increased prooxidant potency in vivo compared with in vitro 
might explain its direct glucose uptake-inducing effect in vivo, shown by Moini et al
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be an oxidant-dependent effect.  This work has highlighted the glycogen synthesis
inhibiting and prooxidant properties of the dietary antioxidant LA in a biological 
system of glucose metabolism in muscles (Dicter, N., Madar, Z. and Tirosh, O.  a-Lipoic 
acid inhibits glycogen synthesis in rat soleus muscle via its oxidative activity and the 
upcoupling of mitoch

-

ondria.  J Nutr 2002; 132: 3001-3006). 

tress 

r, C., Levantesi, G., 
avazzi, L. and Valagussa, F.  Antioxidant vitamins and prevention of cardiovascular 

d 
Free 

 
rmation in cells.  These include NAD(P)H oxidase, the mitochondrial respiratory chain, 

ral 
 demonstrate that suppression of 

tracellular free radicals, using low molecular inhibitors or by expression of the 

, 

hat 
s, such that O2

.- 
imulates the production of even more O2 . 

onsistently, in hyperglycemic conditions, an overproduction of both superoxide and 
tino, 

 
4.9.8 Diabetes 
 
The relationship between diabetes and premature vascular disease is well 
established (Kannel, W.B. and McGee, D.L.  Diabetes and cardiovascular diseases: the 
Framingham Study.  Jama 1979; 241: 2035-2038).  However, the role of oxidative s
in diabetes is questioned by the results of intervention studies with antioxidants, 
which are elusive or unsuccessful (Marchioli, R., Schweige
G
disease:  epidemiological and clinical trial data.  Lipids 2001; 36: S53-S63).  Again an
again, antioxidant studies fail to produce predictable results consistent with the 
Radi-Crap theory. 
 
4.9.9 Oxygen Free Radical Formation 
 
Several pathways can be considered as likely candidates for oxygen free radical
fo
xanthine oxidase, the arachidonic cascade (lipoxygenase and cyclooxygenase), and 
microsomal enzymes (Cross, A. and Jones, O.  Enzymic mechanisms of superoxide 
production.  Biochem Biophys Acta 1991; 1057: 281-298). 
 
Each of the pathways implicated in secondary complications of diabetes have been 
shown to arise by a single unifying mechanism (Brownlee, M.  Biochemistry and 
molecular cell biology of diabetic complications.  Nature 2001; 414: 813-820).  A cent
contribution of the works of Brownlee et al. is to
in
antioxidant enzyme manganese-superoxide dismutase, prevents each of these events (i.e., 
glucose-induced formation of oxidants is a proximal step in cell perturbation). 
 
The activation of protein kinase C, due to superoxide overproduction, induces a de 
novo synthesis of the enzyme NAD(P)H oxidase, which significantly contributes to 
produce more superoxide anions (Hink, U., Li, H., Mollhau, H., Oelze, M., Matheis, E.
Hartmann, M., Skatchkov, M., Thaiss, F., Stahl, R.A.K., Warnholtx, A., Meinertz, T., 
Griendling, K., Harrison, D.G.  Forstermann, U. and Munzel, T.  Mechanisms underlying 
endothelial dysfunction in diabetes mellitus.  Circ Res 2001;  88:14-22).  I believe t
this illustrates the fact that the body needs a high level of EMOD

.-st
 
C
NO has been reported, with threefold increase in superoxide, generation (Cosen
F. Hishikawa, K., Katusic, Z.S. and Luscher, T.F.  High glucose increases nitric oxide 
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synthase expression and superoxide anion generation in human aortic endothelial cells.  
Circulation 1997; 96: 25-28).  The peroxynitrite anion is cytotoxic because it oxidize
sulfhydryl groups in proteins, initiates lipid peroxidation, and nitrates amino acids 
such as tyrosine, which affects many signal transduction pathways.  The production 
of peroxynitrite can be indirectly inferred by the presence of nitrotyrosi

s 

ne (Ischiropoulos, 
.  Biological tyrosine nitration:  a pathophysiological function of nitric oxide and 

8; 356: 1-11). 

d 
itamin E 

ible. J. 
C. A., Lowry, C.V., 

almon, S. L., Kim, Y. K., Davies, J. M. S., and Davies, K. J. A. (1994) Assessing gene 

 new therapeutic approach:  The “Causal” antioxidant therapy – As previously stated, 

r, clinical trials 
ith antioxidants, in particular with vitamin E have failed to demonstrate any 

fic
alagussa, F.  Antioxidant vitamins and prevention of cardiovascular disease:  

 
eatment, 

proving patient outcomes and saving lives.  One such debate that has long loomed over 
y 

 
e 

sts 

H
reactive oxygen species.  Arch Biochem Biophys 199
 
4.9.10 EMODs Damage Repair Enzymes 
 
Cell protection against EMODs includes enzyme systems that repair EMODs -
induced damage such as endonucleases, lipases, and proteases (Burgess, J. R., an
Kuo, C. F. (1996) Increased calcium-independent phospholipase A2 activity in v
and Se-deficient rat lung, liver, and spleen cytosol is time-dependent and revers
Nutr. Biochem. 7, 366–374) (Crawford, D. R., Edbauer-Nechamen, 
S
expression during oxidative stress. Methods Enzymol. 234, 175–217). 
 
4.9.11 Antioxidants and Diabetic Complications 
 
A
some believe that convincing evidence is now available about the possible role of 
oxidative stress in the development of diabetic complications.  Howeve
w
bene ial effect (Marchioli, R., Schweiger, C., Levantesi, G., Gavazzi, L. and 
V
epidemiological and clinical trial data.  Lipids 2001; 36: S53-S63). 
 
In the last years, another substance has received much attention:  lipoic acid (Packer, L., 
Kraemer, K. and Rimbach, G.  Molecular aspects of lipoic acid in the prevention of 
diabetes complications.  Nutrition 2001; 17: 888-895).  It may have a unique self-
regenerating capacity as a mitochondrial antioxidant. 
 
Other promising tools are LY 333531, PJ34 and FP 15, which block the protein kinase β 
isoform, poly (ADP-ribose) polymerase and peroxynitrite, respectively. 
 
5.0 Antioxidants and Cancer Therapy:  Furthering the Debate 
 
It has been said that, “From great controversy can come great medical discoveries.” 
Great debates have sometimes spawned great breakthroughs in medical tr
im
the treatment of people with cancer is the use of antioxidant therapy concomitantl
with chemotherapy or radiotherapy.  There are two groups in this debate.  One group
feels that the use of antioxidants with cytotoxic or radiotherapy is problematic sinc
antioxidants may interfere with the mechanism of action such therapies, causing 
diminished treatment effect and protection of tumor tissue.  The other camp sugge
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that oxidation is a critical fuel for supporting malignant proliferation.  Furthermore, 
xidation may interfere with standard treatments, thereby diminishing overall therapeutic 

mp 
e 

he 
otential toxic effects of others in the cancer treatment setting remain uncertain due to 

f 
ir effect 

e 

tion 

ch 
s doxorubicin) reveals a set of studies on 5 antioxidants (vitamin A, selenium, 

stionable 

ing no 

rapeutic efficacy and 3 no difference from controls.  Data on animal studies 
sing a somewhat wider variety of antioxidants) were similar:  notably, 16 animal trials 

t was the 

a, 
 clinical trials showing evidence of 

provement of specific side effects, in light of a lack of evidence of adverse impact on 

ical 
002; 20: 

o
benefit.  Thus, antioxidant supplementation may improve treatment efficacy.  This ca
also asserts, with several studies as its support, that antioxidants provide a host-protectiv
effect from the toxicities of treatment.  My common sense approach tells me that 
antioxidants could potentially block oxidative killing of cancer cells. 
 
Some classical antioxidants are known to cause toxicity on their own, while t
p
lack of clinical trial data.  Finally, radiotherapy as well as a significant number o
conventional cytotoxic agents in use today rely on oxidative mechanisms for the
and administration of reducing agents such as natural antioxidants might nullify such 
effects.  Please remember that radiotherapy requires oxygen to be effective. 
 
The prosupplementation group, on the other hand, feels that oxidation caused by th
treatments just mentioned can potentially annihilate the very mechanism necessary for 
their therapeutic activity.  Chemotherapeutics are effective only on metabolic cells, and 
most are cell-cycle specific.  Reactive oxygen species (ROS) are the classical oxida
products resulting from cytotoxic and radiotherapeutic protocols (as well as natural 
processes), most notably superoxide anions, aldehydes and lipid peroxides.  
 
In 1999, Lamson and Brignall, reviewed the animal, human and in vitro studies 
examining the effects of antioxidants combined with conventional treatments.  
Examination of the data they located on human trials with the more strongly oxidative 
chemotherapy agents (cisplatin, the alkylating agents, and the antitumor antibiotics su
a
melatonin, N-acetylcysteine and glutathione) that varied in design and outcome 
measurements.  The outcomes can be summarized as toxicity and therapeutic efficacy.  
Among these studies were 17 reports of decreased toxicity, with 2 showing que
toxicity decreases and 2 showing no difference from controls.  There were 4 reports 
showing increased therapeutic efficacy:  1 showing a possible increase, and 6 show
difference from controls.  Once again, results are all over the place.  Similarly, 5 
human trials with antioxidants and radiation showed decreased toxicity:  3 showed 
improved the
(u
showed decreases in toxicity and 16 increases in efficacy.  Of particular interes
fact that no studies showed increased toxicity or decreased therapeutic effect. 
 
The American Society of Clinical Oncology (ASCO) has, in fact, issued clinical 
guidelines for the use of the conventional protectants that are now available – mesn
dexrazoxane, and amifostine – all based on
im
outcome (Schuchtr, L.M., Hensley, M.L. and Meropol, N.J., et al.  2002 update of 
recommendations for the use of chemotherapy and radiotherapy protectants:  clin
practice guidelines of the American Society of Clinical Oncology. J Clin Oncol 2
895-2903). 2
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Homer Black offers relevant insights into the relationship of antioxidants and 
carcinogenesis (Black, H.S.  Reassessment of a free radical theory of cancer with 
mphasis on ultraviolet carcinogenesis.  Integr Cancer Ther 2004; 3(4): 279-293).  

Black’s article takes us through the history of the investigation of the third hypothesis in 
detail.  Both butylated hydroxytoluene (BHT) and β-carotene were investigated as 

otential anticarcinogenic supplements.   
 
This resulted in the discovery that BHT’s anticarcinogenic effect was 
basically a physical effect of blocking transmission of ultraviolet 
radiation through the skin, rather than an antioxidant effect. 
 
Black concludes his article by explaining the nonoxidative effects that lie behind the 
nticarcinogenic activity of the low-PUFA diet, well known to integrative practitioners to 

 
Borek’s information is in conflict with Kenneth Conklin’s assertion that most of the 

idely used cytotoxic agents generate at least some level of oxidative stress. 

o 
 

has 

s 

 

completion of therapy.  Prasad suspects, however, that this may actually be deleterious 
since cancer cells, like normal cells, require such nutrients for growth and survival.   
 
It is less well known that glutathione can (1) increase resistance in some cancer cells as 

iscussed; (2) stimulate cells cycling to the S phase, which can actually have a two-sided 
effect – beneficial in the sense discussed by Conklin, but dangerous during chemotherapy 

tervals or during remission (Noda, T. Iwakuri, R., Fujimoto, K., Rhoads, C.A. and Aw, 
nous cysteine and cystine promote cell proliferation in CaCo-2 cells Cell 

Prolif 2002; 35: 117-129); and (3) increase the metastatic potential for cancer cells 
(Carretero, J., Obrador, E., Anasagasti, M.J., Martin, J.J., Vidal-Vanaclocha, F. and 
Estrela, J.M.  Growth associated changes in glutathione content correlate with liver 
metastatic activity of B16 melanoma cells.  Clin Exp Metastasis  1999; 17: 567-574).   
 

e

p

a
affect prostaglandin synthesis. 

w
 
It is well known that one mechanism of resistance to anthracyclines is a glutathione-
escape mechanism, whereby the anthracycline, doxorubicin for instance, is conjugated t
GSH and transported extracellularly via GS-doxorubicin pump, thereby decreasing the
ntracellular level of doxorubicin and limiting its cytotoxic effect; similar activity i

been demonstrated for other cytotoxic agents such as cisplatin and irinotecan 
(Balendiran, G.K., Dabur, R. and Fraser D.  The role of glutathione in cancer.  Cell 
Biochem Funct In press). 
 
Current treatment protocols for children with acute lymphoblastic leukemia (ALL), while 
effective, generally generate large numbers of oxidative by-products, including one
that can further damage DNA. 
 
Most oncologists do not recommend antioxidants, but some may actually recommend
a multiple-vitamin preparation containing low dosages of antioxidants after the 

d

in
T.Y.  Exoge
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Just because something is natural does not mean it is always good to take.  So, do 
antioxidants interfere with treatment, providing tumor protection, or do they provide 
useful mitigation of toxicity while enhancing the efficacy of treatment?  Presently, we 
just do not know. 

5.0.1 The Validation of a Theory 
 
Scientific theories can be held with such fervor, that those who question them can be 
subjected to ridicule and scorn.  In fact, they can be so popular that “everyone knows that 
they must be true.”   The sheer “popularity” of a theory was seen as proof of its 
orrectness.  Unfortunately, many past theories that were held as true, have ultimately 

re 

 

 
of a 

ased on the Free Radi-Crap theory of aging and oxidative stress, aging and 100-
inated by the ingestion of copious 

amounts of antioxidants.  Unfortunately, this has not been the case.  Countless 
scholars and c f volumes extolling the virtues of these 
nigh magical antioxidants in combating the alleged horrid and damaging effects of 
oxygen free radicals.  However, their predictions of  preventing or curing conditions 
such as cancer, cardiovascular disease and cataracts have basically failed, even 
though they have been administering them for well over half a century, either alone or in 
combinations.  Yet, these same investigators cling tenacious  t heory which 
has been proven wrong time and time again.  I view this situation with disbelief.  
Einstein said that repeating the same experiments over and over, and expecting a 
different r u uly stupid.  I concur. 
 
At this 

High levels of  can: 
 cure cancer  

 
 

• Diabetes 

• Arteriosclerosis 

• Cataracts 
• Arthritis 
• Post traumatic brain 

 

c
remained unproven or have been proven to be wrong.  Popular theories, which have 
been politicized, are rarely held up to the level of skeptical scrutiny that is the co
of the scientific method and which is an absolute essential for the advancement of 
science.  If these unproven theories are not critically examined, there can be disastrous 
consequences.   
 
Today, nearly “everybody knows” that the Free Radical theory of aging and oxidative
stress is correct; or, do we?  Unfortunately, the predicted actions of the antioxidants 
have failed to produce results and have even been shown to cause harm and death. 
As it relates to theories, popularity is not the same thing as truth.  The validation 
theory requires a demonstration that its predictions match the real world.   
 
B
200 diseases should be reversed, cured or elim

 s ientists have written a plethora o

ly o the very t

es lt was tr

poi at I believe we know: nt, here is wh
EMODs

• kill and possibly
• and dissolve arteriosclerotic plaques

Antioxidants do not prevent or cure: 

• Cancer 

• Aging damage 
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5.0.2 Enz
  

nzymatic Physiologica ntioxidants  

Enzymatic
  

location Properties 

Superoxid
(SOD) 

e dismutase Mitochondria, cytosol Dismutase superoxide radicals 

Glutathione peroxidase 
(GSH)) 

moves hydrogen peroxide and 
organic hydroperoxide 

Mitochondria and 
cytosol 

Re

Catalase (CAT) and Removes hydrogen peroxide Mitochondria 
cytosol 

Nonenzymatic 
antioxidants 

location Properties 

Vitamin C Acts as free radical scavenger and 
recycles vitamin E 

Aqueous phase of cell 

Vitamin E Cell membrane ioxidant in Major chain-breaking ant
cell membrane 

Uric acid Product of purine 
metabolism 

Scavenger of OH radicals 

Glutathione Non-protein thiol in 
cell 

Serves multiple roles in the cellular 
antioxidant defense 

α-lipoic acid Endogenous thiol Effective in recycling vitamin C, 
may also be an effective glutathione 
substitute 

Carotenoids Lipid soluble 
antioxidants, located in 
membrane tissue 

Scavengers of reactive oxygen 
species, singlet oxygen quencher 

Biliru
metabol

bin Product of heme 
ism in blood 

Extracellular antioxidant 

Ubiquinones mitochondria Reduced form a
antioxidants 

re efficient 

Metals ions sequestration: 
ransferrin, ferritin, 

  Chelating of metals ions, respons
for Fenton reactions t

lactoferrin, 

ible 

Nitric oxide   Free radical scavenger, inhibito
LP 

r of 

  
  
 
 

Page 347 of 931 



5.0.3 Antioxidant Defense System 
 

 Bound Bilirubin, Protein 
ound Thiol Groups (Especially Albumin), Reduced Glutathione (GSH),  

(~10  
sible to saturate the enzyme in vivo. 

cies 

ich 
 

 2000, Bill Pryor of LSU did a review of studies on the effects of vitamin E on heart 

th in 
ble 

that links vitamin E to the prevention of cardiovascular disease (CVD) 
ostulates that the oxidation of unsaturated lipids in the low-density lipoprotein 

t 
s 

g 

5.1 Catalase, Superoxide Dismutase, Vitamin E, Carotenoids, Flavonoids,  
Ubiquinol-10, Vitamin C (Ascorbate), Uric Acid, Albumin
B
 
 
Catalase converts H2O2 to H2O and O2, with a rate constant that is extremely high 7

M/sec), implying that it is virtually impos
 
Glutathione peroxidases and glutathione reductase catalyze the oxidation of 
glutathione at the expense of a hydroperoxide, which might be H2O2 or another spe
such as lipid hydroperoxide.
 
Superoxide dismutase catalyzes the dismutation of superoxide anion to H2O2, which 
must then be removed by catalase or glutathione peroxidase. 
 
Vitamin E is a lipid phase chain breaking antioxidant (8 different forms in nature), wh
reacts more rapidly than polyunsaturated fatty acids with peroxyl radicals to break chain
reactions of lipid peroxidation and forms a relatively stable tocopheroxyl radical.  
Vitamin E deficiency is rare in humans.  
  
In
disease, studies encompassing basic science, animal studies, epidemiological and 
observational studies, and four intervention trials. My comments will be in bold italics. 
He found that the in vitro, cellular, and animal studies, which are impressive bo
quantity and quality, leave no doubt that vitamin E, the most important fat-solu
antioxidant, protects animals against a variety of types of oxidative stress. The 
hypothesis 
p
(LDL) particle initiates a complex sequence of events that leads to the developmen
of atherosclerotic plaque. However, I have found impressive evidence that refutes thi
hypothesis. This hypothesis is supported by numerous studies in vitro, in animals, and in 
humans.  
 
The three trials that have been reported in detail are, on balance, supportive of the 
proposal that supplemental vitamin E can reduce the risk for heart disease, and the fourth 
trial, which has just been reported, showed small, but not statistically significant, 
benefits. Yet, I have reviewed many more studies which are not supportive of the 
benefits of supplemental vitamin E and even studies revealing harmful effects of 
vitamin E. 
 
Vitamin E supplementation also produces an improvement in the immune system and 
protection against diseases other than cardiovascular disease (such as prostate cancer). 
Vitamin E at the supplemental levels being used in the current trials, 100 to 800 IU/d, is 
safe, and there is little likelihood that increased risk will be found for those takin
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supplements. That has not proven to be the case. About one half of American 
cardiologists take supplemental vitamin E, about the same number as take aspirin. In fac
one study suggests that aspirin plus vitamin E is more effective than aspirin alone. There 
are a substantial number of trials involving vitamin E that are in progress. Many of these
trials have now clearly shown that vitamin can cause harmful effects. However, it is 
possible, or even likely, that each condition for which vitamin E provides benefit will 
have a unique dose-effect curve. Furthermore, different antioxidants appear to act 
synergistically, so supplementation with vitamin E might be more effective if combined
with other micronutrients. Unfortunately, this has not proven to be the case. It w

t, 

 

 
ill be 

xtremely difficult to do trials that adequately probe the dose-effect curve for vitamin E 
ions of 

 
 science is "complete." At some point, the weight of the scientific evidence must be 

judged adequate; although some may regard it as early to that judgement now, clearly we 
are very close. In view of the very low risk of reasonable supplementation with vitamin 

, and the difficulty in obtaining more than about 30 IU/day from a balanced diet, some 
 
As 

right as Dr. Pryor is, his predictions have failed, just as so many have done when it 

o trap peroxyl radicals at low oxygen pressures. 

itamin C (ascorbate) is a water soluble (aqueous phase) antioxidant and an essential 

here is good evidence from animal studies that vitamin C can slow the progression of 

ll-
 

id.  

umans develop atherosclerosis spontaneously and readily at moderately elevated serum 

e
for each condition that it might affect, or to do studies of all the possible combinat
other micronutrients that might act with vitamin E to improve its effectiveness. 
Therefore, the scientific community must recognize that there never will be a time when
the

E
supplementation appears prudent now (Pryor WA.  Vitamin E and heart disease: basic
science to clinical intervention trials.  Free Radic Biol Med. 2000 Jan 1;28(1):141-64). 
b
comes to the over-hyped antioxidants in the prevention of aging and diseases.  
 
Carotenoids are lipid soluble antioxidants (at least 20 present in membranes and 
lipoproteins) based on isoprenoid carbon skeletons and are particularly efficient at 
scavenging singlet oxygen, but can als
   
Flavonoids are polyphenolics antioxidants (over 4,000 identified) but with low plasma 
levels. 
 
Ubiquinol-10 (the reduced form of coenzyme Q10) is a lipid soluble chain breaking 
antioxidant, which scavenges lipid peroxyl radicals. 
 
V
cofactor for several enzymes catalyzing hydroxylation reactions, especially prolyl and 
lysyl oxidases in the synthesis of collagen.  Ascorbate has been shown to scavenge 
superoxide, hydrogen peroxide, the hydroxyl radical, hypochlorous acid, aqueous 
peroxyl radicals and singlet oxygen. 
   
T
experimental atherosclerosis. Most of these studies were done either in guinea pigs, 
using ascorbic acid depletion, or in cholesterol-fed rabbits, using ascorbic acid 
supplementation. Both animal models have limitations, as guinea pigs are not a we
established (or well-studied) model of atherosclerosis, and rabbits develop atherosclerosis
at high serum beta-VLDL cholesterol levels, and in addition can synthesize ascorbic ac
 
H
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LDL cholesterol levels and have lost the ability to synthesize ascorbic acid. The animal 
studies discussed, although quite promising and suggestive of an anti-atherogenic effect 
of ascorbic acid, need to be expanded to primates before more definitive conclusions 
can be drawn.  
 
The current evidence from epidemiological studies on the role of vitamin C in the 
prevention of CVD is inconclusive, with some studies showing a very strong correlation 
between increased vitamin C intake and incidence of CVD events and other studies 
showing no correlation at all. Studies on CVD risk factors indicate that vitamin C may 

 

n C 
ulations 

 to confirm or refute a role 
r vitamin C in the prevention of CVD but no such trials are currently being conducted.  

 SM, Gaziano JM, Frei B. Ascorbic acid and 
therosclerotic cardiovascular disease. Subcell Biochem. 1996;25:331-67). 

mans lack gulonolactone oxidase, which is necessary to synthesize vitamin C and 

ges 
n breaking 

antioxidants.  Albumin is a powerful scavenger of hypochlorous acid and is the main 

 can itself act as an oxidant. Yet, 
the in vivo role of albumin remains unclear.  

” 
age 

moderately decrease total serum cholesterol levels, increase HDL levels, and exert a
hypotensive effect.  
 
It appears that large placebo-controlled, double-blind, randomized trials of vitami
supplementation (without simultaneous supplementation with vitamin E) in pop
with a wide range of vitamin C body levels are needed in order
fo
 
Numerous in vitro studies have demonstrated that ascorbic acid strongly inhibits LDL 
oxidation by a variety of mechanisms (Lynch
a
 
Hu
H2O2 is produced as a by-product in the process.  I find it incredibly ironic that in 
the synthesis of one of the most touted of all of the antioxidants, ascorbate, the 
dreaded H2O2 is generated.  Again, I ask, “How could nature be so dumb?” 
Obviously, nature is not dumb and H2O2 is very important in maintaining 
homeostasis within the cell and as a secondary messenger. 
 
 
Uric acid is high in plasma concentrations and scavenges radicals and is converted to 
allantoin (may be protective against ozone). 
 
Albumin bound bilirubin is an efficient radical scavenger.  
   
Protein bound thiol groups (especially albumin, which contains 17 disulfide brid
and has a single cysteine residue to neutralize peroxyl radicals) are major chai

plasma defense against this oxidant.  Albumin is viewed as a sacrificial antioxidant, 
since it is damaged in the process and the thiyl radical

 
Reduced glutathione (GSH) is a major source of intracellular thiol groups and might 
serve as an antioxidant, as could be thioredoxin. 
 
Antioxidants have the ability to act as pro-oxidants and they might “paradoxically
lead to increased oxidative damage.  Vitamin C with iron can lead to oxidative dam
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and tocopherol can promote LDL oxidation and must be taken into account when 
interpreting data and results of clinical trials of antioxidant supplementation. 
 
5.1.0 Ceruloplasmin (A Copper Binding Protein) may function as an antioxidant by 

 

is whether increased antioxidant intake 
can be shown to prevent the clinical manifestations of atherosclerosis in humans.  Several 

ently 

 

He states that, “Although many experts and organization will be focusing on the 
 recent meta-analysis, my feeling is that time is 

better spent trying to understand the results instead of trying to discredit them. These 

sing 

w-
 to 8.2 years. These are not short 

follow-up times.  

 

interfering with free copper and the Fenton reaction. 

The entirety of the antioxidant defense agents can not prevent or control the 
diseases attributed to oxidative stress.  For example, atherosclerosis is attributed to 
oxidative stress. The key test of such a hypothesis 

published randomized studies have now considered this issue, and others are curr
ongoing.  Early results have not been encouraging (Young, I., and Woodside, J.  
Antioxidants in health and disease.  J Clin Pathol (2001) 54: 176-186).   Therapeutic 
interventions using antioxidant supplements to treat coronary heart disease and 
cardiovascular disease have, thus far, been largely unsuccessful (i.e., they failed). 

5.1.1 Some Oxy-Morons Just Will Not Accept Results  

In 2004, Dr. Michael T. Murray's Natural Facts Newsletter illustrates the difficulty 
that many physicians have in accepting the poor antioxidant study results.  I will interject
my comments in bold italics within his material.  

shortcoming in the methodology in the

results discredit themselves. The results simply reflect some inherent defects in the 
manner in which research is conducted with antioxidant nutrients. However, many are 
randomized double blind studies. Nonetheless, it is important to point out that the 
interpretation of the data is based upon an analysis of 19 earlier published vitamin E 
studies with a built-in bias toward the risk of harm rather than potential benefit. Focu
on the impact on the all-cause mortality outcome seems inappropriate given that none of 
the 19 studies analyzed were designed with this as the primary endpoint; and the follo
up time was relatively short ranging from 1.4 years

5.1.2 The Beta-Carotene Analogy 

The results from this analysis of vitamin E research are quite similar to those of synthetic 
beta-carotene in cancer prevention. In case you missed this line of research with beta-
carotene, studies indicated that synthetic beta-carotene supplementation contributed to 
earlier death in high-risk groups for cancer and cardiovascular disease. These studies did 
not invalidate the hundreds of studies showing the preventive effect of a diet rich in 
carotenes and nutritional antioxidants against cancer and cardiovascular disease. One can
not specifically attribute these effects to just a few components contained in a diet 
containing hundreds of thousands of variables.  
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It is important to realize that not all antioxidants are created equal. When it comes to 
quenching free radicals, antioxidant compounds exert different (and usually very narrow) 
range of activity. For example, beta-carotene is an effective quencher of a free radical 

pes 

amaged 
s 

at allows it to work more efficiently. And 
scientists have discovered that beta-carotene itself can become damaged if it's used 

 
 

 

e intervention studies with antioxidant nutrients is that 
researchers often focus on the effects of just one factor. This is exactly what Dr. Murray 

ion 

isk 

Two early large-scale studies with relatively low dosages of vitamin E supplements 
 

in E 

39,910 male 
 the 

 EB, 
Stampfer MJ, Ascherio A. Vitamin E consumption and the risk of coronary heart disease 

what conflicting results (Eidelman RS, 
Hollar D, Hebert PR, Lamas GA, Hennekens CH. Randomized trials of vitamin E in the 

 Med. 

known as singlet oxygen, but is virtually powerless against the dozens of other ty
of free radicals. This line of thinking needs to be applied to antioxidant studies overall. 
As a result, it has a very narrow range of benefit and is very susceptible to being d
itself and forming a free radical without additional antioxidant support. Most antioxidant
require some sort of "partner" antioxidant th

alone (that is, without its partner antioxidants vitamin C, vitamin E, and selenium).
Damaged beta-carotene is extremely toxic to the liver, the lining of the arteries, and
the lungs. This fact alone may explain some of the disappointing results from the recent 
beta-carotene studies. It may also explain the harmful effects seen with carotenoids in
addition to the fact that it is quenching needed singlet oxygen. 

A shortcoming of many of th

just did. In a way, this is like judging an entire symphony by listening to a single 
trombone. All you have to listen to in order to tell if the trombone player is bad is one 
trombone. This is another silly metaphor.  

While diets rich in antioxidant nutrients have consistently shown tremendous protect
against cardiovascular disease, clinical trials utilizing antioxidant vitamins and minerals 
have produced inconsistent results (Clarke R, Armitage J. Antioxidant vitamins and r
of cardiovascular disease. Review of large-scale randomized trials. Cardiovasc Drugs 
Ther 2002;16:411-5) (Vivekananthan DP, Penn MS, Sapp SK, et al. Use of antioxidant 
vitamins for the prevention of cardiovascular disease: meta-analysis of randomized trials. 
Lancet 2003;361:2017-23).  

demonstrated a significant reduction in the risk of dying of a heart attack or a stroke. The
Nurses Health Study of 87,245 nurses concluded that those who took 100IU of vitam
daily for more than 2 years had a 41% lower risk of heart disease compared with non-
users of vitamin E supplements.81 In the Physicians Health Study of 
health care professionals found similar results: a 37% lower risk of heart disease with
intake of more than 30 IU of supplemental vitamin E daily (Stampfer MJ, Hennekens 
CH, Manson JE. Vitamin E consumption and the risk of coronary disease in women. N 
Engl J Med 1993;328:1444-9). Subsequent studies have been equivocable (Rimm

in men. New Engl J Med 1993;328:1450-6). My figures do not match the figures with 
these studies. 

Large-scale studies examining the impact of vitamin E supplementation in patients with 
existing heart disease have also shown some

treatment and prevention of cardiovascular disease. Arch Intern
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2004;164(14):1552-6). Some the disappointing results may have been the choice of 
synthetic vitamin E (D,L-alpha tocopherol) versus the more active natural form (D-alpha 
tocoph here is al m wi rence rugs of and 
coenzyme Q10 metabolism - thereby increasing the needs for both compounds. 

Because of the popular use of statin drugs (Zocor®, Lipitor®, Pravachol®, Lescol® and 
mportant to emphasize that statins act by inhibiting HMG-C

reductase, the rate-limiting enzyme in cho biosynthesis.  Drugs inhibiting HMG-
 activity de CoQ10 le lkers et 90) be  
uired for ynthesi

art was t om Dr. ewsle

erol). T so the proble th interfe  by statin d  vitamin E 

Mevacor® it is i oA 
lesterol 

CoA reductase
reductase is req

crease 
CoQ10 s

vels (Fo
s. 

 al. 19 cause HMG-CoA

The following ch aken fr  Murray’s N tter. 

Table 1. Examples of intervention trials with vitamin E for secondary prevention 

Study # Subjects Dosage Duration Outcome 

HOPE (2000) 9,541 400 IU 
(d-alpha) 4.5 y No Effect 

SPACE (2000) 196 800IU 
(d-alpha) 1.4 y -70% 

GISSI (1999) 11,324 300 IU 
(synthetic) 3.5 y -35% (vs. placebo)

CHAOS (1996) 2,002 400-800 IU 
(d-alpha) 1.4 y -47% 

HOPE = Heart Outcomes Protection Evaluation Trial; CHAOS = Cambridge Heart Antioxidant Study; GISSI = Gruppo 
Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico 

itamin E and CoQ10 work synergistically. Several studies have clearly demonstrated 

 

t , “In regards to supplementation with vitamin E at higher 
400 IU daily), I will continue to make this recommendation to people 

consist , dangerous denial or 
aybe 

 
ts 

V
that low selenium status is significantly associated with CAD (Yegin A, Yegin H, 
Aliciguzel Y, et al. Erythrocyte selenium-glutathione peroxidase activity is lower in 
patients with coronary atherosclerosis. Jpn Heart J 1997;38:793-8) (Bor MV, Cevik C, 
Uslu I, et al. Selenium levels and glutathione peroxidase activities in patients with acute
myocardial infarction. Acta Cardiol 1999;54:271-6).  

Finally, Dr. Murray states tha
dosages (e.g., >
with heart disease, diabetes, etc., and will do so in the same manner that I have 

ently done over the past 20 years.”  This is denial, denial
he has something to sell to you. m

I believe that the discordance between data from cohort studies and the resul
available from clinical trials disproves the Free Radi-Crap theory of aging and 
oxidative stress.  Investigators can not deal with the fact that the theory is wrong 
and many try desperately to make excuses, relative to study design or amounts or 
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combinations of antioxidants used, in order to continue to perpetuate a fla
theory.  The Free Radi-Crap theory needs to be discarded and thrown onto the ju
pile of erroneous theories. 

wed 
nk 

  

ral Results 

se.  
re of antioxidant 

upplementation and of its possible harmful effects.  Do not be misled by 
xaggerations, statistically generated “benefits,” or outright lies, regarding these 

 

reas 
t 

r 
onary heart disease, should be 

any foods are “fortified” with vitamins and 

 

sa 
. Antioxidant vitamins and prevention of cardiovascular disease: epidemiological and 

5.2 My Summary of Large Antioxidant Clinical Studies Illustrating 
Negative or Neut

 
5.2.0 CRAP vs. FACT 
 
Large scale clinical trials in the 20th and early 21st century reached differing 
conclusions about the effects of antioxidants on cancer and cardiovascular disea
Check out more recent data to obtain the true pictu
s
e
antioxidant supplements.   
 
As I have said before, “The 21st century is the golden age of quacks and 
snake oil salespeople.” 
 
If the Free Radi-Crap theory is true (which it isn’t), naturally occurring antioxidants such 
as vitamin E, beta-carotene, and vitamin C, should inhibit the oxidative modification of 
low density lipoproteins in vivo. Their antioxidant action could positively influence the 
atherosclerotic process and the progression of coronary heart disease, theoretically. 
However, they can also exhibit prooxidant activity.  
 

A preponderance of in vitro experimental studies provides a presumed 
biological rationale for the mechanisms of action of antioxidants, whe
epidemiologic studies strongly and erroneously sustain the "antioxidan
hypothesis."  
 
To date, however, clinical trials with beta-carotene, alpha-tocopherol and vitamin C 
supplements have been disappointing, and their use as a preventive intervention fo
a wide array of diseases, including cancer or cor
discouraged. You should be aware that m
minerals and these could be additive to oral vitamin supplementation. 
 
5.2.1 Vitamin E 
As to vitamin E, discrepant results have been obtained by the Alpha-Tocopherol, 
Beta Carotene Cancer Prevention Study (ATBC) with a low-dose vitamin E 
supplementation (50 mg/d) and the Cambridge Heart Antioxidant Study (400-800 
mg/d). The results of the GISSI-Prevenzione (300 mg/d) and HOPE (400 mg/d) trials
showed the absence of relevant clinical effects of vitamin E on the risk of 
cardiovascular events. (Marchioli R, Schweiger C, Levantesi G, Tavazzi L, Valagus
F
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clinical trial data. Lipids. 2001;36 Suppl:S53-63). 
 
5.2.2 Vitamin C 
A 1996 review of the role of vitamin C on atherosclerosis and CVD revealed that most 
of these studies were done either in guinea pigs, using ascorbic acid depletion, or in 
cholesterol-fed rabbits, using ascorbic acid supplementation. Both animal models 
have limitations. The current evidence from epidemiological studies on the ro
vitamin C in the prevention of CVD is inconclusive, with some studies showing a v

le of 
ery 

strong correlation between increased vitamin C intake and incidence of CVD events and 
bic 

. 

 
been 

 
 

eficial effects. Thus, the apparent beneficial results of high intake of 
antioxidant vitamins reported in observational studies have not been confirmed in 

ed 

e 

ease 

and cardiovascular disease: recommendations and rationale. Rockville, Md.: Agency for 

 
: 

 (Jha P, 
ular 

dant vitamins in the prevention of cardiovascular 
disease: a systematic review. J Intern Med 2002;251:372-92) (Blot WJ, Li JY, Taylor PR, 
Guo W, Dawsey S, Wang GQ, et al. Nutrition intervention trials in Linxian, China: 

other studies showing no correlation at all (Lynch SM, Gaziano JM, Frei B. Ascor
acid and atherosclerotic cardiovascular disease. Subcell Biochem. 1996;25:331-67)
 
Antioxidant vitamins as food supplements have no beneficial effects in the primary
prevention of myocardial infarction and stroke. Serious adverse events have 
reported. After an initial enthusiasm for antioxidants in the secondary prevention of
cardiovascular disease, recent reports from several large randomized trials have failed
to show any ben

large randomized trials (Asplund K. Antioxidant vitamins in the prevention of 
cardiovascular disease: a systematic review. J Intern Med. 2002 May;251(5):372-92). 

Articles in the journal, American Family Physician, have in the past publish
articles extolling the great virtues of the use of antioxidant supplements (e.g., 
Antioxidant Vitamins and the Prevention of Coronary Heart Disease. Vol. 60/No. 3 
(September 1, 1999)).  However, a more recent article finally points out the folly of 
such recommendations. I will summarize and comment in bold italics on the 
following article: “Do Vitamin C Supplements Reduce Cardiovascular Diseas
Mortality?” by D. Aukerman, M.D. of Pennsylvania State University, Vol. 69/No. 7 
(April 1, 2004).   

Vitamin C, when taken as a dietary supplement, does not appear to reduce 
mortality in patients with cardiovascular disease. It has been suggested, for half a 
century, that antioxidant nutrients, such as vitamin C, may play a role in reducing 
cardiovascular disease. Several cohort studies and one RCT have evaluated the 
effectiveness of antioxidants in reducing mortality associated with cardiovascular dis
(U.S. Preventive Services Task Force. Routine vitamin supplementation to prevent cancer 

Healthcare Research and Quality, 2003. Accessed February 18, 2004) (Morris CD, 
Carson S. Routine vitamin supplementation to prevent cardiovascular disease. A
summary of the evidence for the U.S. Preventive Services Task Force. Rockville, Md.
Agency for Healthcare Research and Quality, 2003. Accessed February 18, 2004)
Flather M, Lonn E, Farkouh M, Yusuf S. The antioxidant vitamins and cardiovasc
disease. A critical review of epidemiologic and clinical trial data. Ann Intern Med 
1995;123:860-72) (Asplund K. Antioxi
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supplementation with specific vitamin/mineral combinations, cancer incidence, and 
disease-specific mortality in the general population. J Natl Cancer Inst 1993;85:1483-92

Seven large cohort studies involving more than 4,000 patients assessed various 
antioxidants and their effect on cardiovascular disease mortality. Dosages were 
different in the studies, and the results were in

). 

consistent. Inconsistency has been the 
only consistency in these past studies. It has not been unusual to find the same 

l Health and Nutrition Examination Survey 
(NHANES), included 11,348 patients who were taking more than 50 mg of vitamin C 

 

C 
but showed no effect on cardiovascular disease mortality (Morris CD, Carson S. Routine 

The Chinese Cancer Prevention Trial  (the only completed RCT of vitamin C) 
 

, 
483-92). 

 

 

sufficient evidence to recommend 
vitamin supplements for the prevention of cardiovascular disease (U.S. Preventive 

and 
cardiovascular disease: recommendations and rationale. Rockville, Md.: Agency for 

 

referenced study as the source for diametrically opposed conclusions, as to the 
effectiveness or harmfulness of antioxidant supplements. Only two of these studies 
showed a relative risk reduction (RR). 

The first of these two studies, the Nationa

per day, which resulted in an RR of 48 percent (range: 31 to 61 percent) in 
cardiovascular disease mortality. The second of the two studies included 5,133 patients 
in Finland who were taking more than 90 mg of vitamin C per day, which resulted in
an RR of 51 percent (range: 2 to 68 percent). 

The remaining five studies included 102,735 patients taking various doses of vitamin 

vitamin supplementation to prevent cardiovascular disease. A summary of the evidence for the 
U.S. Preventive Services Task Force. Rockville, Md.: Agency for Healthcare Research and 
Quality, 2003. Accessed February 18, 2004). 

studied 39,584 patients who were taking more than 250 mg of vitamin C per day. This
study demonstrated no effect on prevention of cardiovascular disease mortality 
(Blot WJ, Li JY, Taylor PR, Guo W, Dawsey S, Wang GQ, et al. Nutrition intervention trials in 
Linxian, China: supplementation with specific vitamin/mineral combinations, cancer incidence
and disease-specific mortality in the general population. J Natl Cancer Inst 1993;85:1

Aukerman recommends telling patients, who are progressively confused by articles or
physicians, who laud antioxidant supplements, while we once thought it was a good 
idea, newer studies have shown that it "just didn't pan out."  Thank you, Dr. 
Aukerman. 

The U.S. Preventive Services Task Force (USPSTF) conducted a systematic review
of the studies on vitamin C and found the evidence inconclusive because the studies 
were inadequate and conflicting and that there is in

Services Task Force. Routine vitamin supplementation to prevent cancer 

Healthcare Research and Quality, 2003). The U.S. Preventive Services Task Force 
(USPSTF) concludes that the evidence is insufficient to recommend for or against 
the use of supplements of vitamins A, C, or E; multivitamins with folic acid; or 
antioxidant combinations for the prevention of cancer or cardiovascular disease.  
The USPSTF recommends against the use of beta-carotene supplements, either
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alone or in combination, for the prevention of cancer or cardiovascular disease
(

 
Routine Vitamin supplementation to prevent cancer and cardiovascular disease. U.S

Preventive Services Task Force, New Topic, 2003). 

5.2.3 Disappointing Clinical Results for Vitamins and Supplements 

In the past 5 years, a number of controlled clinical studies

. 

n the 

d the 

 

 to 50 mg) 
s of 

 on cardiovascular morbidity and mortality (Vivekananthan DP, 
Penn MS, Sapp SK, Hsu A, Topol EJ. Use of antioxidant vitamins for the prevention of 

tein, B 
 

 of 

 have reported the effects of 
antioxidant vitamin and mineral supplements on CVD risk.  These studies have bee
subject of several recent reviews. In general, the studies differ with regard to subject 

populations studied, type and dose of antioxidant/cocktail administered, length of study, 
and study end points. Overall, the studies have been conducted on post–myocardial 
infarction subjects or subjects at high risk for CVD, although some studied healthy 

subjects. In addition to dosage differences in vitamin E studies, some trials use
synthetic form, whereas others used the natural form of the vitamin. With regard to the 
other antioxidants, different doses were administered (e.g., for ß-carotene and vitamin
C). The antioxidant cocktail formulations used also varied. Moreover, subjects were 
followed up for at least 1 year and for as long as 12 years. In addition, a meta-analysis 
of 15 studies (7 studies of vitamin E, 50 to 800 IU; 8 studies of ß-carotene, 15
with 1000 or more subjects per trial has been conducted to ascertain the effect
antioxidant vitamins

cardiovascular disease: meta-analysis of randomised trials. Lancet. 2003; 361: 2017–
2023.[Published erratum in: Lancet. 2004;363:662]). Collectively, for the most part, 
clinical trials have failed to demonstrate a beneficial effect of antioxidant 
supplements on CVD morbidity and mortality. With regard to the meta-analysis, 
the lack of efficacy was demonstrated consistently for different doses of various 
antioxidants in diverse population groups (P M. Kris-Etherton, A H. Lichtens
V. Howard, D Steinberg, J L. Witztum, for the Nutrition Committee of the American
Heart Association Council on Nutrition, Physical Activity, and Metabolism. 
Antioxidant Vitamin Supplements and Cardiovascular Disease. Circulation. 
2004;110:637-641). 

Although the preponderance of clinical trial evidence has not shown beneficial effects
antioxidant supplements, evidence from some smaller studies documents a benefit of -
tocopherol (Cambridge Heart AntiOxidant Study, Secondary Prevention with 

Antioxidants of Cardiovascular disease in End-stage renal disease study), -tocoph
and slow-release vitamin C (Antioxidant

erol 
tion 

tamin E (Intravascular Ultrasonography Study) on 
cardiovascular end points. There is some evidence of potentially adverse effects of 

, 
 

. 

 Supplementation in Atherosclerosis Preven
study), and vitamin C plus vi  

antioxidant supplements on CVD as assessed by angiographic end points. In the 
Women’s Angiographic Vitamin and Estrogen Study, postmenopausal women with 
coronary disease on hormone replacement therapy given vitamin E plus vitamin C had an 
unexpected significantly higher all-cause mortality rate and a trend for an increased 

cardiovascular mortality rate compared with the vitamin placebo women (Waters DD
Alderman EL, Hsia J, Howard BV, Cobb FR, Rogers WJ, Ouyang P, Thompson P, Tardif
JC, Higginson L, Bittner V, Steffes M, Gordon DJ, Proschan M, Younes N, Verter JI
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Effects of hormone replacement therapy and antioxidant vitamin supplements on 
coronary atherosclerosis in postmenopausal women: a randomized controlled tria
JAMA. 2002; 288: 2432–2).  

Likewise, in the HDL-Atherosclerosis Treatment Study,

l. 

ically 

fter 
3 years, compared with 0.4% regression in the group on only simvastatin/niacin. Thus, 
antioxidant supplements may have interfered with the efficacy of statin-plus-niacin 

therapy (Brown BG, Zhao XQ, Chait A, Fisher LD, Cheung MC, Morse JS, Dowdy AA, 
Marino EK, Bolson EL, Alaupovic P, Frohlich J, Albers JJ. Simvastatin and niacin, 
antioxidant vitamins, or the combination for the prevention of coronary disease. N Engl J 
Med. 2001; 345: 1583–1592). Further evaluation showed that the addition of the 

antioxidant vitamins blunted the expected rise in the protective HDL-2 cholesterol and 
apolipoprotein A1 subfractions of HDL. In general, the studies showing either positive or 
adverse effects (especially for vitamins E, vitamins E and C, and the antioxidant 

cocktails) are much smaller studies than the larger clinical trials that consistently have not 
shown any beneficial effects of antioxidant supplements on several CVD end points. 

Thus, in agreement with many in the field, it is concluded that the existing scientific 
database does not justify routine use of antioxidant supplements for the prevention and 
treatment of CVD (P M. Kris-Etherton, A H. Lichtenstein, B V. Howard, D Steinberg, J 
L. Witztum, for the Nutrition Committee of the American Heart Association Council on 
Nutrition, Physical Activity, and Metabolism. Antioxidant Vitamin Supplements and 
Cardiovascular Disease. Circulation. 2004;110:637-641). This conclusion is consistent 
with the American College of Cardiology/American Heart Association 2002 Guideline 
Update for the management of patients with chronic stable angina, which states that 
there is no basis for recommending that patients take vitamin C or E supplements 
or other antioxidants for the express purpose of preventing or treating coronary 

, 
in 

e on the Management of 
Patients With Chronic Stable Angina). Circulation. 2003; 107: 149–158).  

ce) 
ady 

, Oz 

 subjects with angiograph
demonstrated coronary artery disease on simvastatin/niacin and an antioxidant cocktail 
(vitamin E, ß-carotene, vitamin C, and selenium) had a 0.7% progression in stenosis a

 

artery disease (Class III, Level A Evidence) (Gibbons RJ, Abrams J, Chatterjee K
Daley J, Deedwania PC, Douglas JS, Ferguson TB Jr, Fihn SD, Fraker TD Jr, Gard
JM, O’Rourke RA, Pasternak RC, Williams SV, Gibbons RJ, Alpert JS, Antman EM, 
Hiratzka LF, Fuster V, Faxon DP, Gregoratos G, Jacobs AK, Smith SC Jr; American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines. 
Committee on the Management of Patients With Chronic Stable Angina. ACC/AHA 
2002 guideline update for the management of patients with chronic stable angina—
summary article: a report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (Committe

In addition, "Evidence-Based Guidelines for Cardiovascular Disease Prevention in 
Women" concludes that antioxidant vitamin supplements should not be used to 
prevent CVD, pending the results of ongoing trials (Class III, Level A Eviden
(Mosca L, Appel LJ, Benjamin EJ, Berra K, Chandra-Strobos N, Fabunmi RP, Gr
D, Haan CK, Hayes SN, Judelson DR, Keenan NL, McBride P, Oparil S, Ouyang P
MC, Mendelsohn ME, Pasternak RC, Pinn VW, Robertson RM, Schenck-Gustafsson 
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K, Sila CA, Smith SC Jr, Sopko G, Taylor AL, Walsh BW, Wenger NK, Williams CL; 
American Heart Association. Evidence-based guidelines for cardiovascular disease 
prevention in women. Circulation. 2004; 109: 672–693).  

Whether or not to use vitamin E in highly specialized situations, such as in subjects 
hemodialysis,

on 

n 
 

s, it also is apparent that some 
studies suggest adverse effects of antioxidant supplement use. An important question is: 

tice? At this time, there is little reason to 
advise that individuals take antioxidant supplements to reduce risk of CVD. It will 
be i o  the 
pop at
vitamin tation and lower rates of CVD may be a reflection of the generally 
healthy c 

evidenc  sources of 
antioxidants and other cardioprotective nutrients, such as fruits, vegetables, whole 

ts 

 

on 

 
in E treatment and eight of beta-carotene treatment, all of 

which included at least 1,000 patients. The dosage ranged from 50 to 800 IU for 

 also remains unsettled until further studies in this setting are conducted 
(Boaz M, Smetana S, Weinstein T, Matas Z, Gafter U, Iaina A, Knecht A, Weissgarte
Y, Brunner D, Fainaru M, Green MS. Secondary prevention with antioxidants of
cardiovascular disease in end stage renal disease (SPACE): randomised placebo-
controlled trial. Lancet. 2000; 356: 1213–1218). Moreover, although there is some 
evidence of beneficial effects of antioxidant supplement  

What should we be doing in clinical prac
 

mp rtant to clarify the discrepancy between the randomized clinical trials and
ul ion studies. The positive findings from observational studies with regard to 

 E supplemen  

 lifestyles and dietary intakes of supplement users. At this time, the scientifi
e supports recommending consumption of a diet high in food

 

grains, and nuts, instead of antioxidant supplements to reduce risk of CVD.  It does not 
support the use of antioxidant vitamin supplements. 

In 1998, The Medical Letter concluded: 

• The benefits of taking high doses of vitamin E remain to be established.  
• There is no convincing evidence that taking supplements of vitamin C preven

any disease.  
• No one should take beta carotene supplements (Vitamin supplements. The

Medical Letter on Drugs and Therapeutics 40:75-77, 1998).  

In 2003, researchers at the Cleveland Clinic concluded that long-term supplementati
with vitamin E or beta-carotene has not been proven beneficial in preventing 
cardiovascular disease. To reach this conclusion, they analyzed seven randomized
controlled trials of vitam

vitamin E and 15 to 50 mg of beta-carotene; and follow-up ranged from 1.4 to 12.0 
years. The vitamin E trials involved a total of 81,788 patients, and the beta-carotene 
trials involved 138,113. Compared with control treatment, Vitamin E did not increase 
the overall death rate or significantly decrease the risk of cardiovascular death or 
stroke. Beta-carotene led to a small but significant increase in overall deaths and a 
slight increase in cardiovascular death. Thus, although epidemiologic evidence has 
suggested that these antioxidant supplements may be beneficial, clinical trials have 
found otherwise (Vivekananthan, DP and others. Use of antioxidant vitamins for the 
prevention of cardiovascular disease: meta-analysis of randomized trials. Lancet 
361:2017-2023, 2003). 
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Despite the negative findings of most of the clinical trials, manufacturers continue to 
promote antioxidants as though they have been proven beneficial “wonder drugs.”  
Many also hype mixtures of beta-carotene and other carotenoids, which, they suggest, 

not true. The 
laims 

may provide the same benefits as fruits and vegetables, which they know is 
FDA will not permit any of these substances to be labeled or marketed with c
that they can prevent disease. The increased death rate from lung cancer in smokers 
who took beta carotene is evidence enough that high doses of vitamins and minerals are 
not necessarily harmless and may be fatal. In 2002, Pharmanex began promoting its 
BioPhotonic Scanner for measuring "the antioxidant level in the body" when a person's 
hand is placed in front of the device. The test is said to measure carotenoid level. This i
another example of “the blind leading the blind” but for a price. 

s 

To clarify the data relating to antioxidant supplements and protection from 
gastrointestinal cancer, I will also summarize and comment in bold italics on the 
following article: Efficacy of Antioxidants in GI Cancer Prevention. By M. H. Ebell, 
M.D., M.S., In American Family Physician, Feb. 1, 2005. 
There is no evidence that supplementation with beta carotene or vitamins A, C, or 
E prevents GI cancer. Data for selenium is inconsistent and based on poor-quality 
studies, and supplementation with this mineral should not be recommended routinely. 
Most importantly, combinations of antioxidant vitamins appear slightly to increase 
overall mortality rates. 

Until recently, vitamin E and other antioxidants had been considered safe and 
possibly effective in the prevention of heart disease and various malignancies. 
However, a recent meta-analysis1 of studies of vitamin E supplementation for 
prevention of heart disease found no benefit and even a possible increase in 
risk at dosages above 400 IU per day (Miller ER 3d, Pastor-Barriuso R, Dalal D, 
Riemersma RA, Appel LJ, Guallar E. Meta-analysis: high-dosage vitamin E 
supplementation may increase all-cause mortality. Ann Intern Med 2005;142:37-
46).  

Bjelakovic and colleagues identified 14 randomized controlled trials of more 
than 170,000 patients that compared beta carotene, selenium, and vitamins 
A, C, and E with placebo for prevention of GI cancer (Bjelakovic G, et al. 
Antioxidant supplements for preventing gastrointestinal cancers. Cochrane 
Database Syst Rev 2004;(4):CD004183). 

No single antioxidant or combination of antioxidants significantly 
reduced the incidence of esophageal, gastric, colorectal, 
pancreatic, or hepatic cancer. When the results of all antioxidants 
and antioxidant combinations for a particular cancer were integrated, 
there was no effect on the incidence of that cancer.  
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There was a trend in favor of selenium for prevention of esophageal, colorectal, 
and hepatocellular cancer, but it was not statistically significant, and the studies 
were of limited quality.  

Most importantly, when the results for all studies were combined using one 
statistical approach, overall mortality was increased in patients taking 
antioxidants (relative risk [RR], 1.06; 95 percent confidence interval [CI], 1.02 to 
1.10). However, only a trend was noted when a more conservative approach was 
used (RR, 1.06; 95 percent CI, 0.98 to 1.15). When the selenium trials were 
excluded, both analyses showed a statistically significant increase in 
mortality, which was particularly strong in patients taking beta carotene and 
vitamin A (RR, 1.29; 95 percent CI, 1.14 to 1.45) or beta carotene and vitamin E 
(RR, 1.10; 95 percent CI, 1.01 to 1.20). 

Even in 2001, the thrust of the data was turning against the overly-hyped antioxidant 
t 

 of 
 

ies erroneously suggest that oxidation of low-density 
lipoprotein cholesterol by free radicals plays a central role in the formation, progression, 

density lipoprotein oxidation and its 
pathobiological significance. J Biol Chem 1997;272(34):20963-6).  

y caused by oxidants (Gey KF, 
Puska P, Jordan P, et al. Inverse correlation between plasma vitamin E and mortality 

lar-level 
mals. The application of such findings to humans has been 

inconclusive and contradictory. 

“Old data” from epidemiologic and prospective cohort studies of antioxidants and 
ts in 

-Male health professionals study (Rimm EB, Stampfer MJ, Ascherio A, et al. Vitamin E 

supplements. I will summarize the following article to illustrate my point (Antioxidan
supplements to prevent heart disease:  Real hope or empty hype? Thuan L. Tran, MD 
Vol. 109 / No. 1 / Jan. 2001 / POSTGRADUATE MEDICINE. 

This article presents a review of the scientific evidence on antioxidants for prevention
heart disease, with an emphasis on clinical studies involving human subjects in real-life
situations. Many experimental stud

and rupture of plaques (Steinberg D. Low 

Antioxidants have been found to inhibit oxidant formation in vitro, interfere with the 
activity of oxidants already formed, and even repair injur

from ischemic heart disease in cross-cultural epidemiology. Am J Clin Nutr 1991;53(1 
Suppl):326-345). These findings are far removed from molecular- and cellu
experiments done on ani

5.2.4 “Old Data” Lauds Antioxidants 

heart disease rates amply appeared to support the preventive role of antioxidan
heart disease. Studies involved included the following:   

consumption and the risk of coronary heart disease in men. N Engl J Med 
1993;328(20):1450-6),  
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-National Health and Nutrition Examination Survey-I (Knekt P, Reunanen A, Jarvine
et al. Antioxidant vitamin intake and coronary mortality in a longitudinal population 
study. Am J Epidemiol 1994;139(12):1180-9), 

n R, 

n E 

1993;328(20):1444-9), 

-Scottish Heart Health Study (Bolton-Smith C, Woodward M, Tunstall-Pedoe H. The 
 odds 

 

5.2.5 Initial Antioxidant Optimism  

populations in Europe, showed a significantly lower rate of cardiac death in groups with 

idants, including vitamins C and E, beta carotene, 
and selenium (Luoma PV, Nayha S, Sikkila K, et al. High serum alpha-tocopherol, 

 cholesterol, and low mortality from coronary heart disease in 
northern Finland. J Intern Med 1995;237(1):49-54) (Verlangieri AJ, Kapeghian JC, el-

Overall, in the past, there was little dispute that the more dietary antioxidants people 
  

The following studies were starting to create doubt concerning the wondrous claims that 
ing antioxidants: 

-Nurses' Health Study (Stampfer MJ, Hennekens CH, Manson JE, et al. Vitami
consumption and the risk of coronary disease in women. N Engl J Med 

Scottish Heart Health Study. Dietary intake by food frequency questionnaire and
ratios for coronary heart disease risk. II. The antioxidant vitamins and fibre. Eur J Clin 
Nutr 1992;46(2):85-93), 

-World Health Organization cross-cultural study (Gey KF, Puska P, Jordan P, et al.
Inverse correlation between plasma vitamin E and mortality from ischemic heart disease 
in cross-cultural epidemiology. Am J Clin Nutr 1991;53(1 Suppl):326-345).     

However, these types of studies can show only an associative, not a causative, 
relationship between antioxidant consumption and reduced rates of heart disease.  

A World Health Organization cross-cultural study, which surveyed 12 different 

high dietary intake of vitamin C or vitamin E.  

Independent studies from Finland and the United States also demonstrated similar 
beneficial effects of a diet rich in antiox

albumin, selenium and

Dean S, et al. Fruit and vegetable consumption and cardiovascular mortality. Med 
Hypotheses 1985;16(1):7-15).  

within a population consumed, the lower the rate of their heart disease and death.

5.2.6 Clouds of Doubt Gather and Turn to Antioxidant Doom and Gloom 

had been made regard

5.2.7 Vitamin C 
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-Cholesterol Lowering Atherosclerosis Study (CLAS) (Hodis HN, Mack WJ, LaBre
L, et al. Serial coronary angiographic evidence that antioxidant vitamin intake reduces 
progression of coronary artery atherosclerosis. JAMA 1995

e 

;273(23):1849-54), 

and disease-specific mortality in the general population. 
J Natl Cancer Inst 1993;85(18):1483-92), 

 
of vitamin E and beta carotene on the incidence of primary 

nonfatal myocardial infarction and fatal coronary heart disease. Arch Intern Med 
1998;158(6):668-75), 

- Cambridge Heart Antioxidant Study (Stephens NG, Parsons A, Schofield PM, et al. 
Randomized controlled trial of vitamin E in patients with coronary disease: Cambridge 

Lancet 1996;347(9004):781-6), 

yunsaturated fatty acids 
and vitamin E after myocardial infarction: results of the GISSI-Prevenzione trial. Lancet 

. Vitamin E 
supplementation and cardiovascular events in high-risk patients. The Heart Outcomes 

 Med 2000;342(3):154-60), 

nd beta carotene on 
the incidence of primary nonfatal myocardial infarction and fatal coronary heart disease. 

- Linxian, China, cancer prevention study (Blot WJ, Li JY, Taylor PR, et al. Nutrition 
intervention trials in Linxian, China: supplementation with specific vitamin/mineral 
combinations, cancer incidence, 

5.2.8 Vitamin E 

- Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study (Virtamo J, Rapola
JM, Ripatti S, et al. Effect 

Heart Antioxidant Study. 

- CLAS (Hodis HN, Mack WJ, LaBree L, et al. Serial coronary angiographic evidence 
that antioxidant vitamin intake reduces progression of coronary artery atherosclerosis. 
JAMA 1995;273(23):1849-54), 

- Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico (GISSI-
Prevenzione Investigators. (Gruppo Italiano per lo Studio della Sopravvivenza 
nell'Infarto miocardico.) Dietary supplementation with n-3 pol

1999;354(9177):447-55), 

- Heart Outcomes Prevention Evaluation (Yusuf S, Dagenais G, Pogue J, et al

Prevention Evaluation Study Investigators. N Engl J

5.2.9 Beta-Carotene 

- ATBC (Virtamo J, Rapola JM, Ripatti S, et al. Effect of vitamin E a

Arch Intern Med 1998;158(6):668-75), 

- Beta-Carotene and Retinol Efficacy Trial (Omenn GS, Goodman GE, Thornquist MD, 
et al. Effects of a combination of beta carotene and vitamin A on lung cancer and 
cardiovascular disease. N Engl J Med 1996;334(18):1150-5), 
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- Physicians' Health Study (Hennekens CH, Buring JE, Manson JE, et al. Lack of effect
of long-term supplementation with beta carotene on the incidence of malignant 
neoplasms and cardiovascular disease. N Engl J Med 1996;334(18):1145-9), 

5.2.10 Vitamins A, C, and E and Beta-Carotene 

- Indian Experiment of Infarct Survival-3 (Singh RB, Niaz MA, Rastogi SS, et al. 
Usefulness of antioxidant vitamins in suspected acute myocardial infarction (the Indian 
Experiment of Infarct Survival-3). Am J Cardiol 1996;77(4):

 

232-6), 

nd 

Outcomes of prospective cohort studies have been inconsistent. The Nurses' Health 
 that 

sionals showed risk reductions of up to 40% in men with the 
highest vitamin E intakes. Use of beta carotene supplements led to smaller reductions in 

mm, 

On the other hand, the first National Health and Nutrition Examination Survey 

 with the Scottish Heart Health Study, which reported 
significant benefits from vitamins C and E and beta carotene but only in men; no 

dds 

Randomized controlled trials are clinical studies designed to prove or disprove a 
 

5.2.11 Vitamins C and E and Beta-Carotene 

- Multivitamins and Probucol Study (Tardif JC, Cote G, Lesperance J, et al. Probucol a
multivitamins in the prevention of restenosis after coronary angioplasty. Multivitamins 
and Probucol Study Group. N Engl J Med 1997;337(6):365-72). 

Study, which surveyed more than 88,000 women over an 8-year period, showed
women who consumed the highest amount of vitamin E for more than 2 years, in both 
diet and supplements, had a much lower risk of heart disease compared with those who 
took the lowest amount. However, use of vitamin C and beta carotene supplements 
did not lead to any reduction in heart disease risk. A similar study involving nearly 
40,000 male health profes

risk but only in smokers. No benefit was shown for vitamin C supplements (Ri
EB, Stampfer, MJ, Ascherio, A, et al. Vitamin E consumption and the risk of coronary 
heart disease in men. N Engl J Med 1993;328(20):1450-6).  

(NHANES) reported a significantly lower risk of cardiovascular death in persons 
with high intakes of vitamin C. This study, however, did not take into consideration 
other antioxidants that the study participants might have consumed in addition to vitamin 
C (Knekt P, Reunanen A, Jarvinen R, et al. Antioxidant vitamin intake and coronary 
mortality in a longitudinal population study. Am J Epidemiol 1994;139(12):1180-9).  

More confusion is added

benefit was observed in women (Bolton-Smith C, Woodward M, Tunstall-Pedoe H. The 
Scottish Heart Health Study. Dietary intake by food frequency questionnaire and o
ratios for coronary heart disease risk. II. The antioxidant vitamins and fibre. Eur J Clin 
Nutr 1992;46(2):85-93).  

causative effect. Results of these types of studies on antioxidants and heart disease risk
have been disappointing and have clearly failed to support the Free Radi-Crap theory, 
especially those results involving primary prevention.  
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The Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study examined th
effects of vitamin E and be

e 
ta carotene over a period of 5 to 8 years in more than 29,000 

male smokers in Finland. In general, no reduction in heart disease or death was found. 
nd with use 

of vitamin E supplements. An increased incidence of cardiac death was also found in 

on, the combination of beta carotene and retinol (vitamin A) had no 
benefit and may have increased the risk of cardiac death. PLEASE READ THIS 

art 
5-

5.2.12 Secondary Prevention Fans the Fading Flame of Antioxidants 

Early results of studies on secondary prevention were encouraging. The Cambridge 
Heart Antioxidant Study showed that in patients with atherosclerotic heart disease 
confirmed by angiography, high doses of vitamin E could lower the risk of nonfatal 
heart attack and other cardiovascular events such as stroke, but the overall mortality rate 
did not improve. However, angiographic readings are notorious for inconsistencies and 
inaccuracies. 

 
 

s reduction 
might lead to a lower risk of heart attack or death remains to be proved. No benefit was 
observed with use of vitamin C supplements.  

With the rele nza 
nell'Infarto m n (HOPE), 
the role of antioxida e HOPE study 
reported no reduct th heart disease 
or diab  the 
GISSI trial, w ed no 
benefit from us

Alarmingly, an increase in mortality from hemorrhagic stroke was fou

the group taking beta carotene supplements. Attention all oxy-morons, PLEASE 
READ THIS AGAIN. 

Along these same lines, the Beta-Carotene and Retinol Efficacy Trial, which involved 
more than 18,000 men and women, showed that after an average of 4 years of 
supplementati

AGAIN. 

The Physicians' Health Study, which for 12 years followed more than 22,000 male 
physicians in the United States, showed no significant effect of beta carotene on he
disease. And a randomized study of more than 29,000 residents in rural China over a 
year period reported no significant benefit of vitamin C supplements in reducing 
cardiovascular mortality.  

The ATBC study, mentioned earlier, also showed that persons with previous heart attack
had a lower risk of recurrent heart disease when given vitamin E supplements. Again,
there was no improvement in the overall rate of mortality. Vitamin E was also shown to 
slow down the progression of atherosclerotic plaque in patients with coronary artery 
disease in the Cholesterol Lowering Atherosclerosis Study. Whether thi

ase in 1999 of the Gruppo Italiano per lo Studio della Sopravvive
iocardico valuatio (GISSI) and the Heart Outcomes Prevention E

ts for secondary prevention is again in doubt. Thn
ion in heart attack, stroke, or death in patients wi

etes after use of vitamin E supplements for more than 4 years. Similarly,
hich followed 11,000 patients with recent heart attacks, show

e of vitamin E supplements for up to 2 years.  
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W
Indian Exp ins A, C, 
and E and be ardiac 
events in patients robucol Study, 
however, showed that the combination of vitamins C and E and beta carotene had no 
effect in reducing the rate of angioplasty.  

, 

edical consumer, 
who consumes these toxins w n ignorance. 

er, 
“Pay me handsomely for my potions and you will be 

d Force the Data 

en 
an subjects.  

mes in 
e 

ay 

ed 
on the scientific evidence which I have presented in volumes 1 of UTOPIA and in 

is companion tome. This is the reason that investigators are left without 
s in patients with their 

ving/b

hen antioxidants were used in combination, the results were also inconclusive. The 
eriment of Infarct Survival suggested that a combination of vitam
ta car and cotene could be beneficial in preventing complications 

with suspected heart ultivitamins and P attacks. The M

restenosis in patients after 

 
“Following vigorous promotion

synthesized chemical concoctions are being poured  
willy-nilly down the gaping gullets of   

the naïve modern day m
ith blissful, Pac-ma

With splendiferous profits and veiled cure-claims, 
Big Pharma whimsically denies responsibility 

for adverse drug reactions 
and for their own callous offenses. 

Meanwhile, the peddlers of drugs declared, with a scheming snick

healthy, wealthy and wise…..Hee, hee, hee. 
Trust me.” 

R. M. Howes, M.D., Ph.D. 
12/14/04 

5.2.13 The Oxy-Morons Try to Wiggle an

Randomized clinical trials have failed to show a consistent benefit from use of 
antioxidant supplements; some antioxidant supplements, especially beta carotene, ev
showed harmful effects on hum

There are many possible explanations for these discrepancies. The positive outco
the observational studies could be from the overall differences in lifestyles of th
subjects rather than from the supplements alone. Nearly limitless types of nutrients m
be present in fruits and vegetables that act in synergy with antioxidants to provide a 
protective effect on the heart. The amount of antioxidants in supplements may be so high 
compared with that in the diet that it leads to a toxic effect.  

And finally, I believe that the data are consistent with the fact that the Free-Radi-
Crap theory of oxidative stress and aging is wrong.  This flawed theory is not bas

th
explanations as to the actual results of their experiment
li reathing cells. 
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All m
sweep
Radi-

ntioxidant supplements are not wi dverse effects. High doses of 
ong-term use of beta carotene 

edical and 
health o  the 
public e, 
based o le, 
DL. AH
disease  

rofess 9;99(4):591-5).  

anner of oxy-moronic speculative explanations have attempted to 
 the negative or neutral results of their studies under the Free 
Crap rug of denial. 

thout potential aA
vitamin E may lead to hemorrhagic stroke. L
supplements may increase the risk of heart disease and cancer. Many m

rganizations, including the American Heart Association, have cautioned
about the excessive use of antioxidant supplements, especially beta caroten
n the overwhelming evidence that it might do more harm than good (Tribb
A Science Advisory. Antioxidant consumption and risk of coronary heart 

: emphasis on vitamin C, vitamin E, and beta-carotene. A statement for healthcare
ionals from the American Heart Association. Circulation 199p

 
Chinese Cancer5.3  Prevention Study (1993) 

r 

 
5.3.1 

ed a 
cardial 

 
5.3.2 

 

e 
 events by 14%. Vitamin E had no effect 

tal 

   

 The results showed that a combination of beta-carotene, vitamin E and selenium 
significantly reduced incidence of both gastric and cancer and cancer overall. A 
randomized study of more than 29,000 residents in rural China over a 5-yea
period reported no significant benefit of vitamin C supplements in reducing 
cardiovascular mortality. [9% lower total mortality; 13% reduction in cancer 
mortality; 21% decrease in stomach cancer mortality; no significant reduction in total 
or CV mortality] (Blot WJ, et al., 1993). 

CHOAS Trial Mortality (1996) 
With a daily regiment of 400-800 mg vitamin E in patients with 
angiographically proven coronary atherosclerosis, CHAOS show
striking, significant 77% relative decrease of risk in non-fatal myo
infarction, even though paralleled by a not significant 22% increase in all 
deaths. [Nonfatal MI reduced 77%; 47% overall reduction in fatal and nonfatal CVD 

events; no effect on overall mortality] (Stephens, NG, 1996). 

Alpha-Tocopherol/Beta-Carotene Cancer Prevention Study 
(ATBC) (1994) 
Lung cancer rates of Finnish male smokers increased significantly with beta- 
carotene intake and were not benefited by vitamin E. After 6 years of follow-up, 
the ATBC trial in 29,133 (pooled) male smokers in Finland found an 18% 
excess of lung cancer in participants receiving beta-carotene.  Beta caroten
increased risk for major coronary
and showed no interaction with beta-carotene in the ATBC study.  [Nonfa
MI 32% lower for vitamin E users; no effect of vitamin E on lung cancer; 
reduction in prostate cancer Beta-carotene group had 11% higher  CVD and 18% 
more lung cancer deaths; beta-carotene-only and combination-therapy groups had 
significantly higher rates of fatal CHD]. This trial was stopped early. 
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5.3.3 
 

follow-
e 

y events between any supplementation group and 
the placebo group. There were significantly more deaths from fatal coronary 
heart disease in the beta-carotene and combined alpha-tocopherol and beta-

sk of fatal coronary heart 
disease increased in the groups that received either beta-carotene or the 

mend 
the use of alpha-tocopherol or beta-carotene supplements in this group of 

 
5.3.4 1996) 

 

 risk of 
death from lung cancer, cardiovascular disease, and any cause in smokers 

crease in lung cancer incidence; 26% 

 

s, 
 or death from all causes. [No effects on CVD (nonfatal 

I, stroke) or cancer even among smokers] (Hennekens CH, et al., 1996). 

5.3.6 

 the 

 
estigators 

(HOPE) (2000) 

ATBC Sub-Study Shows Increased CVD Deaths (1997) 
1,862 men enrolled in the alpha-tocopherol beta-carotene Cancer Prevention
Study, with patients who had a previous myocardial infarction, with a 
up was 5.3 years, were evaluated. There were no significant differences in th
number of major coronar

carotene groups than in the placebo group. The ri

combination of alpha-tocopherol and beta-carotene. They do not recom

patients (Rapola JM, et al., 1997). 

The Beta-Carotene and Retinol Efficacy Trial (CARET) (
18,314 smokers, former smokers, and workers exposed to asbestos, were 
given a combination of b-carotene and vitamin A and followed for 4.0 years.
The combination of beta carotene and vitamin A had no benefit and may 
have had an adverse effect on the incidence of lung cancer and on the

and workers exposed to asbestos.  [28% in

(nonsignificant) increase in CVD for treatment group] On the basis of these 
findings, the randomized trial was stopped 21 months earlier than planned 
(Omenn GS, et al., 1996). 

 
5.3.5 Physicians' Health Study I (PHS I) (1996) 

β-carotene in US Physicians and Malignant Neoplasms or CVD (1996) 

In 22,071 US male physicians, there were virtually no early or late 
differences in the overall incidence of malignant neoplasms or cardiovascular 
disease, or in overall mortality. Among healthy men, 12 years of 
supplementation with beta carotene (50 mg on alternate days) produced 
neither benefit nor harm in terms of the incidence of malignant neoplasm
cardiovascular disease,
M

 
The Women’s Health Study (1999) 
In 39,876 healthy women aged 45 years or older, there was no benefit or 
harm from beta-carotene supplementation after a median of 4.1 years on
incidence of cancer and of cardiovascular disease [No effect on cancer incidence, 

CVD, or total deaths] (Lee IM, et al. 1999).  
 
The Heart Outcomes Prevention Evaluation Study Inv5.3.7 
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In a study of a total of 9,541 patients at high risk for cardiovascular 
diabetes, trea

events or 
tment with vitamin E for a mean of 4.5 years had no apparent 

 
or 

ary 
 had no 
oke] 

5.3.8 SSI Trial (1999) 

 
 to 

extent. [Vitamin E group had no benefit; fish oil group had 

15% decreased risk of death, nonfatal MI, and stroke] (Lancet 1999) 
 

(CUDAS) 

l 

 HRT nor antioxidant 
efit. 
ent 

). 

5.3.11

5.3.12

effect on cardiovascular outcomes. There were no significant differences in
the numbers of deaths from cardiovascular causes, myocardial infarction, 
stroke. There were no significant differences in the incidence of second
cardiovascular outcomes or in death from any cause [Vitamin E group
benefit; fish oil group had 15% decreased risk of death, nonfatal MI, and str
(Yusuf S, et al., 2000).  
 
The GI
The GISSI trial, which followed 11,324 patients with recent heart attacks, 
showed no benefit from use of vitamin E supplements for up to 2 years.  
The results of GISSI-Prevenzione indicate that in patients who have had a 
myocardial infarction, n-3 PUFA supplements, but not the moderate dose of
synthetic vitamin E, reduced long-term complications of myocardial infarction
a clinically important 

5.3.9 The Perth Carotid Ultrasound Disease Assessment study 

This study of 1,111 subjects provides limited support for the hypothesis that 
increased dietary intake of vitamin E and increased plasma lycopene may 
decrease the risk of atherosclerosis. No benefit was demonstrated for 
supplemental antioxidant vitamin use (McQuillan BM, et al., 2001). 

 
5.3.10 The Women's Angiographic Vitamin and Estrogen (WAVE) Tria

(2002) 
This was a randomized, double-blind trial of 423 postmenopausal women with 
at least one 15% to 75% coronary stenosis at baseline coronary angiography. In 
postmenopausal women with coronary disease, neither
vitamin supplements (vitamins C & E) provide no cardiovascular ben
Instead, a potential for harm was suggested and seen with each treatm
(Waters et al, 2002

 

 Age-Related Eye Disease Study Research Group (AREDS) (2001) 

Use of a high-dose formulation of vitamin C, vitamin E, and beta carotene in 
4757 participants, relatively well-nourished older adult cohort, had no 
apparent effect on the 7-year risk of development or progression of age-
related lens opacities or visual acuity loss. (Arch Ophthalmol. 2001 Oct.) 

 The Roche European American Cataract Trial (REACT) (2002) 
445 patients were followed for 3 years after treatment with oral Vitamins E, 
C and beta-carotene. After two years of treatment, there was a small positive 
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treatment effect in U.S. patients. There was no statistically significant benefit
of treatment in the U.K. group. (Chylack LT Jr, 2002) 

 The Nurses’ Health Study (1998) and Folic Acid and Colon 
Cancer (1998) 

 

 
5.3.13

 

sk.   
 

rs 
 

eported in the British Medical Journal in 

ers 
 up 2,928 pregnant women who had taken part in a supplemental trial in 

the 1960s.  The risk of death from breast cancer was much higher in women 

 of 
 

5.3.14 Antioxidant Vitamins and US Physician CVD Mortality (2002) 

ns residing in the United States use of supplements 
(vitamin E, ascorbic acid (vitamin C), and multivitamin supplements) was 

5.3.15

ined 
 no significant effect on the systolic and diastolic 

ed and adjusted analyses. (Miller ER 3rd, et al., 1997) 
 

Studied 88,756 women over an 8-year period, and the use of vitamin C and 
beta carotene supplements did not lead to any reduction in heart disease ri
88,756 women from the Nurses' Health Study, who used multivitamins
containing folic acid, had no benefit with respect to colon cancer after 4 yea
of use and had no significant risk reductions after 5 to 9 or 10 to 14 years of
use. Long-term use of over 15 years of multivitamins may substantially 
reduce risk for colon cancer. This effect may be related to the folic acid 
contained in multivitamins. (Giovannucci E, et al., 1998) 
Dr. Andy Ness, of Bristol University, r
Dec. 2004, that there is the possibility of increased risk of breast cancer in 
women taking folic acid supplements throughout pregnancy.  The research
followed

who had received high doses of the supplement than in those who had been 
given a placebo.  However, Godfrey Oakley and Jack Mandel, of Emory 
University, said other research studies indicate that more folic acid is likely to 
prevent breast cancer rather than cause it.  This is another glaring example
the contradictory and dangerous nature of the vitamin studies.

83,639 male physicia

reported by 29% of the participants (16,727 patients). US male physicians, 
self-selected supplementation with vitamin E, vitamin C, or multivitamins 
was not associated with a significant decrease in total CVD or CHD 
mortality. (Muntwyler J, et al. 2002). 

 Antioxidant Vitamin Effect on Traditional CVD Risk Factors 
(1997) 

In 297 retired teachers, after 2-4 months of supplementation the comb
antioxidant supplement had
blood pressures, fasting serum lipids (total cholesterol, high-density 
lipoprotein cholesterol, and LDL cholesterol) and fasting glucose, with 
unadjust
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5.3.16 d 
0) 

omized 
n no beneficial or deleterious impact of 

this vitamin on cardiovascular events. Most large observational studies have 

1.4 to 6 

rt 
vascular events. 

(Dagenais GR, et al., 2002). 

5.3.17 Statins, Niacin and Antioxidant Vitamins and Coronary Disease 

ase, the mean levels of LDL and HDL 
cholesterol were unaltered in the antioxidant group and the placebo group. 

 must be questioned (Brown 
BG, et al 2001). 

5.3.18

 
 

ps receiving B-group vitamins either with or without 

, et al. 1998). 

-Up Study (1999) 

is 

 There was no evidence that either 

 Meta-Analysis of Vitamin E in CVD, Ischemic Heart Disease an
Mortality (200

There have been only a few large observational studies and one rand
trial with vitamin C, which have show

shown an inverse relationship between vitamin E and IHD. However, a meta-
analysis of the four randomized trials done in Europe and America involving 
a total of 51,000 participants allocated to vitamin E or placebo for 
years, did not demonstrate a reduction in cardiovascular and IHD mortality 
and nonfatal myocardial infarction. Currently, there are no data to suppo
the use of these vitamins to reduce the risk of cardio

(2001) 

In 160 patients with coronary dise

The use of antioxidant vitamins in this setting

 Effect of B-group Vitamins and Antioxidant Vitamins on 
Hyperhomocysteinemia (1998) 

101 men completed the 8-wk B-group vitamins with antioxidant vitamins, or
placebo intervention. Homocysteine concentrations had significant decreases
in both grou
antioxidants. The effect of B-group vitamins alone over 8 wk was a reduction 
in homocysteine concentrations, whereas antioxidants alone produced a 
nonsignificant increase. (Woodside JV

5.3.19 The Health Professionals Follow

43,738 men were followed for 8 years. Vitamin E and vitamin C supplements 
and specific carotenoids did not substantially reduce risk for stroke in th
cohort. (Ascherio A, et al. 1999).  

5.3.20 Polyp Prevention Study Group (1994)  

751 completed the four-year clinical trial.
beta carotene or vitamins C and E reduced the incidence of adenomas. 
Neither treatment was effective in any subgroup of patients or in the 
prevention of any subtype of polyp defined by size or location. The lack of 
efficacy of these vitamins argues against the use of supplemental beta 
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carotene and vitamins C and E to prevent colorectal cancer. (Greenberg E
et al. 19

R, 
94). 

red reliable. 

Warning  
 
The American ublic about the excessive use of 
antioxidan u
evidence that e harm than good. 
 
The notion th ot been 

.  To the contrary, it has been 
proven
 
Because of the failure of randomized trials to demonstrate a benefit from taking 
antioxidants, both the American Heart Association and the Institute of Medicine 
have released recent statements saying that, while a diet rich in antioxidant vitamins 
seem p ecommend using supplements of 
vitamin C, vitami ntioxidants to prevent 
heart disease. 
 
Results of these same d the following is 

st another way of doing so: 
 
5.4.1 Antioxidant

• Epidem
therapeutic effect on CD but it is wrong 

cial, neutral, and, in some 
cases, h

• The con  in 
respons

Research asserting tha
Health Profes

 associated with reduced risk of coronary 

Nurses’ H
o  women, ≤ 8 year follow-up 

ents and vitamin E intake are inversely related, 43% 

 
National H

These 20+ scientific clinical human studies have reviewed the data on over 500,000 
patients and should be conside
 
5.4 American Heart Association 

 Heart Association has cautioned the p
t s pplements, especially beta carotene, based on the overwhelming 

it might do mor

at antioxidant supplements can prevent heart disease has n
proven or supported by current clinical evidence

 that they do not prevent heart disease. 

rudent, there is insufficient evidence to r
n E, beta-carotene, selenium, or other a

 studies can be looked at in varying ways an
ju

 “Dichotomy” 
iological evidence shows that antioxidants have a protective or 

• Clinical trials support antioxidants as benefi
armful 
troversy between research shows that antioxidants mechanisms
e to oxidative damage are not completely understood 
t antioxidants are beneficial 
sional’s Follow-up study: 

o >39,000 males, 4 year follow-up 
o B-carotene intake is

events; inverse relationship between duration of vitamin E 
supplement use and risk in smokers 

ealth Study (Stampfer et al): 
> 87,000

o coronary ev
lower in supplement users vs. nonusers; inverse relationship 
between risk and duration of supplement use 

ealth and Nutrition Examination Survey (Enstrom et al) 
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o Inverse relationship between vitamin C intake and coronary risk; 
decreased death from coronary heart disease over 10 year follow-
up 

AOS) 
over with both symptomatic and 

o s benefited from naturally occurring

Cambridge Heart Antioxidant Study (CH
o ~9,500 subjects age 55 and 

asymptomatic CD, secondary prevention trial, lasted 17 months 
coronary disease patient  

Research asserting tha enefit or harm) 
 

ne, 
both, or neither for 12 years 

diovascular 

Women’s Health Study 
o >40,000 women 45 and older, primary prevention study on the 

 
 
 
Researc ants are harmful 
 a-tocopherol β-carotene Study (ATBC) 

ease in 
troke from vitamin E, increase in 

mortality from ischemic heart disease 
 (CARET) 

o Studied the effects of combination of β-carotene and a form of 

d 

s chosen 

 by 

vitamin E at 2 dose levels – this led researchers to believe there is a 
difference between natural and supplemental antioxidants 
t antioxidants are neutral (provide no b

Physicians’ Health Study 
o >29,000 male physicians in the US were randomized to β-carote

aspirin, 
o No significant benefit or harm of β-carotene on car

disease 

effects of β-carotene, vitamin E and low-dose aspirin on major 
cardiovascular endpoints 

o 2-year analysis showed no effect from β-carotene supplements 

h asserting that antioxid

o tested a-tocopherol, β-carotene, both or neither for 5-8 years in 
>29,000 male smokers 

o No reduction in cardiovascular events in any treatment; incr
risk of death from hemorrhagic s

β-carotene and Retinol Efficacy Trial

retinol 
o Increased risk of cardiovascular disease mortality 

Proposals and recommendations for the prevention of CVD 
AHA does not recommend antioxidant supplements, instead following the Foo
Guide Pyramid is recommended 
Many researchers have criticized the study designs of all studies:  subject
(at risk vs. not at risk for CVD), study length, dosage, etc. 
Distribution of other nutrients in foods is similar to that of antioxidants, thus the 
trend that fruits and vegetables reduce cardiovascular disease could be caused
mechanisms other than their antioxidant vitamin content, lowering of blood 
pressure for example.  It may even be due to the peroxide content of fresh 
fruits and vegetables. 
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Although it's relatively easy to get too little vitamin A, it's also easy to get too much. 
Intake of up to 10,000 IU, twice the current recommended daily level, is thought to be 
safe. However, there is some evidence that this much preformed vitamin A might 

24 
 

wed for 3-5 years.  Daily doses of n-3 
UFA, as a 1 g capsule containing 850 mg eicosapentaenoic acid and docosahexaenoic 

k 

latelet drugs 92%, beta-blockers 
4%, and inhibitors of angiotensin-converting enzyme 46%).  Statins were not supported 

cardial infarction to a clinically important extent. 

, 

atients with angiographically 
roven coronary atherosclerosis, CHAOS showed a striking, significant 77% 

d 

m the ATBC trial, which was conducted among 
9,133 male cigarette smokers in Finland, which showed no cardiovascular benefit 

  

 viewed 

increase the risk of hip fracture or some birth defects.  

5.4.2 The GISSI-Prevenzione Trial (1999) 
 
GISSI-Prevenzione was a multi-center, open-label design, clinical trial in which 11,3
patients with recent (≤3 months) myocardial infarction were randomly allocated to
four treatment groups: n-3 PUFA alone, vitamin E alone, n-3 PUFA and vitamin E 
combined, or no supplement (control) and follo
P
acid as ethyl esters, and 300 mg vitamin E, given as one capsule of synthetic a-
tocopherol, were used.  In the end, GISSI-Prevenzione recruited a relatively low-ris
population, with 16% of patients aged 70 years or older, and 14% or less.  Most patients 
received recommended preventive treatments (anti-p
4
by definitive data on efficacy when the trial was started; however, at the end of the 
study almost half of the patients were receiving cholesterol-lowering drugs.   
 
The results of GISSI-Prevenzione indicate that in patients who have had a myocardial 
infarction, n-3 PUFA supplements, but not the moderate dose of synthetic vitamin E, 
reduced long-term complications of myo
 
Following the encouraging results of several, well-conducted, large-size prospective 
epidemiological studies and after the disappointing, unexpected results of β-carotene, 
vitamin E has been found to be the favorite antioxidant candidate for coronary heart 
disease prevention.  Although contradictory, the results of the CHAOS trial further 
reinforced expectations of benefit (Mitchinson, M.J., Stephens, N.G., Parsons, A.
Blight, E., Schoefield, P.M. and Brown, M.J.  Mortality in the CHAOS trial.  Lancet 
1999; 353: 381) (Ness, A. and Davey Smith, G.  Mortality in the CHAOS trial.  Lancet 
1999; 353: 1017-1018).   
 
With a daily regimen of 400-800 mg vitamin E in p
p
relative decrease of risk in non-fatal myocardial infarction, even though parallele
by a not significant 22% increase in all deaths.   
 
Another gloomy result came fro
2
with low-dose (50 mg daily) vitamin E treatment after six years of follow-up (The 
Alpha-Tocopherol, Beta Carotene Cancer Prevention Study Group.  The effect of vitamin 
E and beta carotene on the incidence of lung cancer and other cancers in male smokers.
N Engl J Med 1994; 330: 1029-1035).   
 
However, some oxy-morons believe that the vitamin E results should not be
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as canceling out the ‘anti-oxidation hypothesis,’ but more properly as ‘not positive’ 

R 
 general framework of 

condary prevention.  Europ Heart J 2000; 21: 949-952).   

.4.3 The Health Professionals Follow-Up Study 

 
y.  

 

 
nificant inverse relation between lutein intake and risk 

r ischemic stroke was seen but was not independent of other dietary factors.  

 

he 

he Women's Health Study is a randomized, double-blind, placebo-controlled trial 
 

mong women randomly assigned to receive beta-carotene (50 mg on alternate days; n 
 

 of 4.1 
 

(Brown, M.  Do vitamin E and fish oil protect against ischemic heart disease?  Lancet 
1999; 354: 441-442).  The lack of benefit with vitamin E, however, is corroborated 
by the results of the HOPE trial and therefore the confirmation/refutation of the 
‘antioxidant hypothesis’ has to wait for the results of ongoing clinical trials (Marchioli, 
and Valagussa, F.  The results of the GISSI-Prevenzione trial in the
se
 
5
 
Antioxidants increase the resistance of low-density lipoprotein to oxidation and may 
thereby reduce risk for atherosclerosis. Researchers determined whether intake of 
vitamin E, vitamin C, or carotenoids predict risk for total or ischemic stroke in a
prospective observational stud
 
The Health Professionals Follow-up Study evaluated 43,738 men 40 to 75 years of age
who did not have cardiovascular disease or diabetes. The follow-up period was 8 years. 
Associations of vitamin intake with hemorrhagic stroke were also nonsignificant. 
Neither dose nor duration of vitamin E or vitamin C supplement use was related to risk
for total or ischemic stroke. A sig
fo
 
CONCLUSIONS: Vitamin E and vitamin C supplements and specific carotenoids 
did not seem to substantially reduce risk for stroke in this cohort. (Ascherio A, Rimm
EB, Hernan MA, Giovannucci E, Kawachi I, Stampfer MJ, Willett WC. Relation of 
consumption of vitamin E, vitamin C, and carotenoids to risk for stroke among men in 
the United States. Ann Intern Med. 1999 Jun 15;130(12):963-70). 
 
5.4.4 The Women's Health Study 
 
In observational studies, individuals with high intakes of fruits and vegetables 
containing beta-carotene experience lower risks of developing cancer. However, t
few randomized trials of beta-carotene supplementation show no overall benefits; 
some even suggest harm. This trial was designed to test the effects of beta-carotene 
supplementation in women.  
 
T
originally testing aspirin, vitamin E, and beta-carotene in the prevention of cancer
and cardiovascular disease among 39 876 women aged 45 years or older. The beta-
carotene component was terminated early after a median treatment duration of 2.1 
years (range = 0.00-2. 72 years. 
 
A
= 19 939) or placebo (n =19 937), there were no statistically significant differences in
incidence of cancer, cardiovascular disease, or total mortality after a median
years (2.1 years' treatment plus another 2.0 years' follow-up). There were 378 cancers in
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the beta-carotene group and 369 cancers in the placebo group (relative risk [RR] = 1
95% confiden

.03; 
ce interval [CI] = 0.89-1. 18). There were no statistically significant 

ifferences for any site-specific cancer or during years 1 and 2 combined and years 3 and 

ifferences for myocardial infarction (42 in the beta-carotene group versus 50 in the 

 
omen), there 

m 
er 

d the 

) 

bservational and experimental studies suggest that the amount of vitamin E ingested in 
 

,541 

dition to 
o-by-two 

ctorial design to receive either 400 IU of vitamin E daily from natural sources or 
yme (ACE) inhibitor 

amipril) or matching placebo for a mean of 4.5 years. The primary outcome was a 
 

 

e 
risk, 1.05; 

o placebo; relative risk,), myocardial 
farction, or stroke. There were also no significant differences in the incidence of 

d
up combined. For cardiovascular disease, there were no statistically significant 
d
placebo group), stroke (61 versus 43), deaths from cardiovascular causes (14 versus 12), 
or the combined end point of these three events (116 versus 102; among women with 
more than one event, only the first was counted). Deaths from any cause were similar in
the two groups (59 versus 55). Among smokers at baseline (13% of all w
were no statistically significant differences in overall incidence of cancer (RR = 1.11; 
95% CI = 0.78-1.58) or cardiovascular disease (RR = 1.01; 95% CI = 0. 62-1.63).  
 
CONCLUSION: Among apparently healthy women, there was no benefit or har
from beta-carotene supplementation for a limited period on the incidence of canc
and of cardiovascular disease (Lee IM, Cook NR, Manson JE, Buring JE, Hennekens 
CH. Beta-carotene supplementation and incidence of cancer and cardiovascular disease: 
the Women's Health Study. J Natl Cancer Inst. 1999 Dec 15;91(24):2102-6). 
 
Stampfer is a co-investigator in the first Nurses' Health Study, which was begun in 
1976 and enrolled 121,600; the second Nurses' Health Study, which enrolled an 
additional 116,100 nurses; the Physicians' Health Study of 22,000 U.S. doctors; an
Health Professionals Follow-Up Study, which enrolled 51,520 men from the health 
professions. 
 
5.4.5 The Heart Outcomes Prevention Evaluation Study Investigators (HOPE
 
O
food and in supplements is associated with a lower risk of coronary heart disease and
atherosclerosis. They enrolled a total of 2545 women and 6996 men (a total of 9
patients in the study) 55 years of age or older who were at high risk for 
cardiovascular events because they had cardiovascular disease or diabetes in ad
one other risk factor. These patients were randomly assigned according to a tw
fa
matching placebo and either an angiotensin-converting-enz
(r
composite of myocardial infarction, stroke, and death from cardiovascular causes. The
secondary outcomes included unstable angina, congestive heart failure, revascularization
or amputation, death from any cause, complications of diabetes, and cancer.  
 
A total of 772 of the 4761 patients assigned to vitamin E (16.2 percent) and 739 of th
4780 assigned to placebo (15.5 percent) had a primary outcome event (relative 
95 percent confidence interval, 0.95 to 1.16; P=0.33). There were no significant 
differences in the numbers of deaths from cardiovascular causes (342 of those 
assigned to vitamin E vs. 328 of those assigned t
in
secondary cardiovascular outcomes or in death from any cause. There were no 
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significant adverse effects of vitamin E.  
 
CONCLUSIONS: In patients at high risk for cardiovascular events, treatment with 
vitamin E for a mean of 4.5 years had no apparent effect on cardiovascular 
outcomes (Yusuf S, Dagenais G, Pogue J, Bosch J, Sleight P. Vitamin E supplementation
and cardiovascular events in high-risk p

 
atients. The Heart Outcomes Prevention 

valuation Study Investigators. N Engl J Med. 2000 Jan 20;342(3):154-60). 

rol 

is 

th, or 
lacebo. The median follow-up was 5.3 years. The endpoint of this substudy was the 

a

e 

onclusion: The proportion of major coronary events in men with a previous 
r 

coronary heart disease increased 
 the groups that received either beta-carotene or the combination of alpha-

aths 

ts in men 

.4.7 The Beta-Carotene and Retinol Efficacy Trial 

It 

 

E
 
5.4.6 ATBC Sub-Study Shows Increased CVD Deaths 
 
Epidemiological data suggest that the intake of antioxidants such as alpha-tocophe
(vitamin E) and beta-carotene has an inverse correlation with the incidence of coronary 
heart disease. Researchers studied the frequency of major coronary events in 1862 men 
enrolled in the alpha-tocopherol beta-carotene Cancer Prevention Study (smokers 
aged between 50 and 69 years) who had a previous myocardial infarction. In th
randomized, double-blind. placebo-controlled study, men had received dietary 
supplements of alpha-tocopherol (50 mg/day), beta-carotene (20 mg/day), bo
p
first m jor coronary event after randomization.  
 
424 major coronary events (non-fatal myocardial infarction and fatal coronary heart 
disease) occurred during follow-up. There were no significant differences in the 
number of major coronary events between any supplementation group and the 
placebo group. There were significantly more deaths from fatal coronary heart 
disease in the beta-carotene and combined alpha-tocopherol and beta-caroten
groups than in the placebo group, but there was no significant increase in the alpha-
tocopherol supplementation group.  
 
C
myocardial infarction who smoke was not decreased with either alpha-tocopherol o
beta-carotene supplements. In fact, the risk of fatal 
in
tocopherol and beta-carotene; there was a non-significant trend of increased de
in the alpha-tocopherol group. They do not recommend the use of alpha-tocopherol 
or beta-carotene supplements in this group of patients (Rapola JM, Virtamo J, Ripatti 
S, Huttunen JK, Albanes D, Taylor PR, Heinonen OP. Randomised trial of alpha-
tocopherol and beta-carotene supplements on incidence of major coronary even
with previous myocardial infarction. Lancet. 1997 Jun 14;349(9067):1715-20). 
 
5
 
Lung cancer and cardiovascular disease are major causes of death in the United States. 
has been proposed that carotenoids and retinoids are agents that may prevent these 
disorders. Researchers conducted a multicenter, randomized, double-blind, placebo-
controlled primary prevention trial -- the Beta Carotene and Retinol Efficacy Trial --
involving a total of 18,314 smokers, former smokers, and workers exposed to 
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asbestos. The effects of a combination of 30 mg of beta carotene per day and 25,000 
IU of retinol (vitamin A) in the form of retinyl palmitate per day on the primary end 

oint, the incidence of lung cancer, were compared with those of placebo.  

 total of 388 new cases of lung cancer were diagnosed during the 73,135 person-years 

ative risk of death from any cause was 1.17 
5 percent confidence interval, 1.03 to 1.33); of death from lung cancer, 1.46 (95 percent 

n planned; follow-up will 
ontinue for another 5 years.  

 
N 

reduce risk for colon cancer, but the dosage and duration 
lations and the impact of dietary compared with supplementary sources are not well 

ivitamin supplement use, from 1980 
to 1994. 442 women with new cases of colon cancer.  

Higher energy-adjusted folate intake in 1980 was related to a lower risk for colon cancer 
(RR, 0.69 [95% CI, 0.52 to 0.93] for intake > 400 microg/d compared with intake < or = 

olled 
 

p
 
A
of follow-up (mean length of follow-up, 4.0 years).  
 
There were no statistically significant differences in the risks of other types of 
cancer. In the active-treatment group, the rel
(9
confidence interval, 1.07 to 2.00); and of death from cardiovascular disease, 1.26 (95 
percent confidence interval, 0.99 to 1.61). On the basis of these findings, the 
randomized trial was stopped 21 months earlier tha
c
 
CONCLUSIONS. After an average of four years of supplementation, the 
combination of beta carotene and vitamin A had no benefit and may have had an 
adverse effect on the incidence of lung cancer and on the risk of death from lung 
cancer, cardiovascular disease, and any cause in smokers and workers exposed to 
asbestos (Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, Glass A, 
Keogh JP, Meyskens FL, Valanis B, Williams JH, Barnhart S, Hammar S. Effects of a
combination of beta carotene and vitamin A on lung cancer and cardiovascular disease. 
Engl J Med. 1996 May 2;334(18):1150-5). 
 
5.4.8 Folic Acid and Colon Cancer 
 
High intake of folate may 
re
understood. Researchers evaluated the relation between folate intake and incidence of 
colon cancer in a prospective cohort study.  
 
88,756 women from the Nurses' Health Study who were free of cancer in 1980 and 
provided updated assessments of diet, including mult

 

200 microg/d) after controlling for age; family history of colorectal cancer; aspirin use; 
smoking; body mass; physical activity; and intakes of red meat, alcohol, methionine, and 
fiber. When intake of vitamins A, C, D, and E and intake of calcium were also contr
for, results were similar. Women who used multivitamins containing folic acid had no
benefit with respect to colon cancer after 4 years of use (RR, 1.02) and had only 
nonsignificant risk reductions after 5 to 9 (RR, 0.83) or 10 to 14 years of use (RR, 
0.80). After 15 years of use, however, risk was markedly lower (RR, 0.25 [CI, 0.13 to 
0.51]), representing 15 instead of 68 new cases of colon cancer per 10,000 women 55 to 
69 years of age. Folate from dietary sources alone was related to a modest reduction in 
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risk for colon cancer, and the benefit of long-term multivitamin use was present across all 
levels of dietary intakes.  
 
CONCLUSIONS: Long-term use of multivitamins may substantially reduce risk for 

ns 
, 

h 

vention Study Group 

 
ve 

d 
. 

ent of 864 patients was done using a two-by-two factorial design, to 
four treatment groups, which received placebo; beta carotene (25 mg daily); vitamin C 

da itamins C and E. 
In order to identify new adenomas, we performed complete colonoscopic examinations in 

Patients adhered well to the prescribed regimen, and 751 completed the four-year 
d E 

nt 

lyp defined by size or 
location.  

 1994 Jul 
21;331(3):141-7). 

0], and vitamin E [600]) 
would modify progression of ARC. 

colon cancer. This effect may be related to the folic acid contained in multivitami
(Giovannucci E, Stampfer MJ, Colditz GA, Hunter DJ, Fuchs C, Rosner BA, Speizer FE
Willett WC. Multivitamin use, folate, and colon cancer in women in the Nurses' Healt
Study. Ann Intern Med. 1998 Oct 1;129(7):517-24). 

5.4.9 Antioxidant Vitamins Do Not Prevent Colorectal Adenoma:  Polyp 
Pre

People who consume a diet high in vegetables and fruits have a lower risk of cancer of
the large bowel. Antioxidant vitamins, which are present in vegetables and fruits, ha
been associated with a diminished risk of cancers at various anatomical sites. They 
conducted a randomized, controlled clinical trial to test the efficacy of beta carotene an
vitamins C and E in preventing colorectal adenoma, a precursor of invasive cancer
Randomly assignm

(1 g ily) and vitamin E (400 mg daily); or the beta carotene plus v

the patients one year and four years after they entered the study. The primary end points 
for analyses were new adenomas identified after the first of these two follow-up 
examinations.  

clinical trial. There was no evidence that either beta carotene or vitamins C an
reduced the incidence of adenomas; the relative risk for beta carotene was 1.01 (95 
percent confidence interval, 0.85 to 1.20); for vitamins C and E, it was 1.08 (95 perce
confidence interval, 0.91 to 1.29). Neither treatment appeared to be effective in any 
subgroup of patients or in the prevention of any subtype of po

CONCLUSIONS. The lack of efficacy of these vitamins argues against the use of 
supplemental beta carotene and vitamins C and E to prevent colorectal cancer. 
(Greenberg ER, Baron JA, Tosteson TD, Freeman DH Jr, Beck GJ, Bond JH, Colacchio 
TA, Coller JA, Frankl HD, Haile RW, et al. A clinical trial of antioxidant vitamins to 
prevent colorectal adenoma. Polyp Prevention Study Group. N Engl J Med.

5.5 The Roche European American Cataract Trial (REACT) 

Funding surgery worldwide for age-related cataract (ARC), a leading cause of blindness, 
is a huge economic burden. Researchers determined if a mixture of oral antioxidant 
micronutrients [mg/day] (beta-carotene [18], vitamin C [75
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REACT was a multi-centered, prospective, double-masked, randomized, placebo-
controlled, 3-year trial. Consecutive adult American and English outpatients with early 

There were no statistically significant differences between the treatment groups at 
baseline. After two years of treatment, there was a small positive treatment effect in 
U.S. patients (p = 0.0001); after three years a positive effect was apparent (p = 0.048) in 
both the U.S. and the U.K. groups. The positive effect in the U.S. group was even greater 
after three years: (IPO = 0.389 (vitamin) vs. IPO = 2.517 (placebo); p = 0.0001). There 
was no statistically significant benefit of treatment in the U.K. group.  

CONCLUSION: Daily use of the afore-mentioned micronutrients for three years 
produced a small deceleration in progression of ARC (Chylack LT Jr, Brown NP, 
Bron A, Hurst M, Kopcke W, Thien U, Schalch W. The Roche European American 

al 

0). 

t 

 
taining 

either antioxidants (vitamin C, 500 mg; vitamin E, 400 IU; and beta carotene, 15 mg) or 

reading center 

Primary outcomes were (1) an increase from baseline in nuclear, cortical, or posterior 
sual acuity loss 

from baseline (>/=15 letters).  

so no 
 for any 

ARC were recruited. PATIENTS: Four-hundred-and-forty-five (445) patients were 
eligible; 297 were randomized; 231 (78%) were followed for two years; 158 (53%) were 
followed for three years; 36 (12%) were followed for four years. 

Cataract Trial (REACT): a randomized clinical trial to investigate the efficacy of an or
antioxidant micronutrient mixture to slow progression of age-related cataract. Ophthalmic 
Epidemiol. 2002 Feb;9(1):49-8

5.5.1 Age-Related Eye Disease Study Research Group (AREDS) Report No. 9 

Experimental and observational data suggest that micronutrients with antioxidan
capabilities may retard the development of age-related cataract. This study evaluated 
the effect of a high-dose antioxidant formulation on the development and progression of 
age-related lens opacities and visual acuity loss.  

The 11-center Age-Related Eye Disease Study (AREDS) was a double-masked
clinical trial. Participants were randomly assigned to receive daily oral tablets con

no antioxidants. Participants with more than a few small drusen were also randomly 
assigned to receive tablets with or without zinc (80 mg of zinc as zinc oxide) and copper 
(2 mg of copper as cupric oxide) as part of the age-related macular degeneration trial. 
Baseline and annual (starting at year 2) lens photographs were graded at a 
for the severity of lens opacities using the AREDS cataract grading scale.  

subcapsular opacity grades or cataract surgery, and (2) at least moderate vi

Of 4757 participants enrolled, 4629 who were aged from 55 to 80 years had at least 1 
natural lens present and were followed up for an average of 6.3 years. No statistically 
significant effect of the antioxidant formulation was seen on the development or 
progression of age-related lens opacities (odds ratio = 0.97, P =.55). There was al
statistically significant effect of treatment in reducing the risk of progression
of the 3 lens opacity types or for cataract surgery. For the 1117 participants with no 
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age-related macular degeneration at baseline, no statistically significant difference was 
noted between treatment groups for at least moderate visual acuity loss. No 
statistically significant serious adverse effect was associated with treatme

CONCLUSION: Use of a high-dose formulation of vitamin C, vitamin E, and beta 
carotene in a relatively well-nourished older adult cohort had no apparent effect on 
the 7-year risk of development or progression of age-related lens opacities or visu
acuity loss (A randomized, placebo-controlled, clinical trial of high-dose 
supplementation with vitamins C and E and beta carotene for age-related cataract and
vision loss: AREDS report no. 9. Arch Ophthalmol. 2001 Oct;119(10):1439-52). 

5.5.2 Age-Related Eye Disease Study Research Group Report No. 8 

nt.  

al 

 

a carotene, 15 mg); (2) zinc, 
80 mg, as zinc oxide and copper, 2 mg, as cupric oxide; (3) antioxidants plus zinc; or 

-80 
years, was 6.3 years, with 2.4% lost to follow-up. Comparison with placebo 

usen, 

al 

iated with any of the formulations.  

ue to 
g a 

ized, 
 

Observational and experimental data suggest that antioxidant and/or zinc supplements 
may delay progression of age-related macular degeneration (AMD) and vision loss. This 
study evaluated the effect of high-dose vitamins C and E, beta carotene, and zinc 
supplements on AMD progression and visual acuity. The Age-Related Eye Disease 
Study, an 11-center double-masked clinical trial, enrolled participants in an AMD. 
Participants were randomly assigned to receive daily oral tablets containing: (1) 
antioxidants (vitamin C, 500 mg; vitamin E, 400 IU; and bet

(4) placebo. Average follow-up of the 3640 enrolled study participants, aged 55

demonstrated a statistically significant odds reduction for the development of 
advanced AMD with antioxidants plus zinc. Participants with extensive small dr
nonextensive intermediate size drusen, or pigment abnormalities had only a 1.3% 5-year 
probability of progression to advanced AMD. Odds reduction estimates increased 
when these 1063 participants were excluded. Both zinc and antioxidants plus zinc 
significantly reduced the odds of developing advanced AMD in this higher-risk 
group. The only statistically significant reduction in rates of at least moderate visu
acuity loss occurred in persons assigned to receive antioxidants plus zinc. No 
statistically significant serious adverse effect was assoc

CONCLUSIONS: Those with extensive intermediate size drusen, at least 1 large druse, 
noncentral geographic atrophy in 1 or both eyes, or advanced AMD or vision loss d
AMD in 1 eye, and without contraindications such as smoking, should consider takin
supplement of antioxidants plus zinc such as that used in this study (A random
placebo-controlled, clinical trial of high-dose supplementation with vitamins C and E,
beta carotene, and zinc for age-related macular degeneration and vision loss: AREDS 
report no. 8. Arch Ophthalmol. 2001 Oct;119(10):1417-36). 

5.5.3 Antioxidant Vitamin Effect on Traditional CVD Risk Factors (1997) 

Evidence from observational epidemiologic studies has indicated that antioxidants 
consumed through the diet or as dietary supplements lower the risk of developing 
atherosclerotic cardiovascular disease. Evidence suggesting that the major mechanism for 
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the protective effect of antioxidants is mediated through decreased oxidation of lipids, 
particularly low-density lipoprotein (LDL) cholesterol is accumulating. Other evidence, 
however, suggests that antioxidants may influence traditional modifiable cardiovascular 
risk factors such as the blood pressure and serum lipids favorably. The purpose of this 

A randomized, placebo-controlled, clinical trial of antioxidant vitamin supplementation, 
THODS: We 

assigned 297 retired teachers who were members of the Maryland Retired Teachers 

re, 
 

 

 
cholesterol, and LDL cholesterol) and fasting glucose, with unadjusted and adjusted 

 
r 

aller 
ns, 

tion). 

l 
9 

 

inistered questionnaire. Mortality from CVD 
and coronary heart disease (CHD) was assessed by death certificate review.  

Use of supplements was reported by 29% of the participants (16,727 patients). 
D 

e 
y 

mortality; for use of vitamin C, the RRs were 0.88 
(95% CI, 0.70-1.12) for total CVD mortality and 0.86 (95% CI, 0.63-1.18) for CHD 

study was to determine the effect of antioxidant vitamin supplementation on modifiable 
risk factors for atherosclerotic cardiovascular disease.  

conducted at a single community-based clinical research center. ME

Association randomly to 2-4 months of dietary supplementation with placebo or 
combined antioxidant vitamin capsules providing 400 IU/day vitamin E, 500 mg/day 
vitamin C, and 6 mg/day beta-carotene. The outcome measures were the blood pressu
fasting serum total cholesterol, high-density lipoprotein cholesterol, LDL cholesterol, and
fasting glucose. After 2-4 months of supplementation the combined antioxidant
supplement had had no significant effect on the systolic and diastolic blood 
pressures, fasting serum lipids (total cholesterol, high-density lipoprotein

analyses. CONCLUSION: Data from this trial suggest that the protective effect from
antioxidant vitamin supplementation, if there is one, likely results from mechanisms othe
than modification of traditionally modifiable cardiovascular risk factors (Miller ER 3rd, 
Appel LJ, Levander OA, Levine DM. The effect of antioxidant vitamin supplementation 
on traditional cardiovascular risk factors. J Cardiovasc Risk. 1997 Feb;4(1):19-24). 

Subgroup analyses of cohorts from the older three trials, as well as evidence from sm
trials, indicate that vitamin E provides protection against a number of medical conditio
including some that are indicative of atherosclerosis (such as intermittent claudica

5.5.4 Antioxidant Vitamins and US Physician CVD Mortality 

Although basic research suggests that vitamins may have an important role in the 
prevention of cardiovascular diseases (CVD), the data from cohort studies and clinica
trials are inconclusive. This prospective cohort study was conducted among 83 63
male physicians residing in the United States who had no history of CVD or cancer. At
baseline, data on use of vitamin E, ascorbic acid (vitamin C), and multivitamin 
supplements were provided by a self-adm

During a mean follow-up of 5.5 years, 1037 CVD deaths occurred, including 608 CH
deaths. After adjustment for several cardiovascular risk factors, supplement use was not 
significantly associated with total CVD or CHD mortality. For vitamin E use, the relativ
risks (RRs) were 0.92 (95% confidence interval [CI], 0.70-1.21) for total CVD mortalit
and 0.88 (95% CI, 0.61-1.27) for CHD 
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mortality; and for use of multivitamin supplements, the RRs were 1.07 (95% CI, 0.9
1.25) for total CVD mortality and 1.02 (95% CI, 0.83-1.25) for CHD mortality.  

CONCLUSIONS: In this large cohort of apparently healthy US male physicians, self-
selected supplementation with vitamin E, vitamin C, or multivitamins was not 
associated with a significant decrease in total CVD or CH

1-

D mortality. Data from 
ongoing large randomized trials will be necessary to definitely establish small potential 

-

ase, 

In a randomized, double-blind, placebo-controlled trial of beta carotene (50 mg on 
 

e 

to receive beta carotene and 11,035 
assigned to receive placebo, there were virtually no early or late differences in the 

erall 
mortality. In the beta carotene group, 1273 men had any malignant neoplasm (except 

. 88 
om 

s from cardiovascular disease (338 vs. 313); the 
number of men with myocardial infarction (468 vs. 489); the number with stroke 

). 

ith 

s 
, 

n 

benefits of vitamin supplements on subsequent cardiovascular risk (Muntwyler J, 
Hennekens CH, Manson JE, Buring JE, Gaziano JM. Vitamin supplement use in a low
risk population of US male physicians and subsequent cardiovascular mortality. Arch 
Intern Med. 2002 Jul 8;162(13):1472-6). 

5.5.5 β-Carotene in US Physicians and Malignant Neoplasms or CVD 

Observational studies suggest that people who consume more fruits and vegetables 
containing beta carotene have somewhat lower risks of cancer and cardiovascular dise
and earlier basic research suggested plausible mechanisms. Because large randomized 
trials of long duration were necessary to test this hypothesis directly, they conducted a 
trial of β-carotene supplementation.  

alternate days), we enrolled 22,071 male physicians, 40 to 84 years of age, in the United
States; 11 percent were current smokers and 39 percent were former smokers at th
beginning of the study in 1982. By December 31, 1995, the scheduled end of the study, 
fewer than 1 percent had been lost to follow-up, and compliance was 78 percent in the 
group that received beta carotene.  

Among 11,036 physicians randomly assigned 

overall incidence of malignant neoplasms or cardiovascular disease, or in ov

nonmelanoma skin cancer), as compared with 1293 in the placebo group (relative risk, 
0.98; 95 percent confidence interval, 0.91 to 1.06). There were also no significant 
differences in the number of cases of lung cancer (82 in the beta carotene group vs
in the placebo group); the number of deaths from cancer (386 vs. 380), deaths fr
any cause (979 vs. 968), or death

(367 vs. 382); or the number with any one of the previous three end points (967 vs. 972
Among current and former smokers, there were also no significant early or late 
differences in any of these end points.  

CONCLUSIONS. In this trial among healthy men, 12 years of supplementation w
beta carotene produced neither benefit nor harm in terms of the incidence of 
malignant neoplasms, cardiovascular disease, or death from all causes (Henneken
CH, Buring JE, Manson JE, Stampfer M, Rosner B, Cook NR, Belanger C, LaMotte F
Gaziano JM, Ridker PM, Willett W, Peto R. Lack of effect of long-term supplementatio
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with beta carotene on the incidence of malignant neoplasms and cardiovascular disease
N Engl J Med. 1996 May 2;334(18):1145-9). 

. 

 peroxidation and 
atherosclerotic vascular disease.  

They studied 1,111 subjects (558 men and 553 women; age 52 +/- 13 years [mean +/- 

k 

sed 
 

in 
amins 

arotid Ultrasound Disease Assessment 
study (CUDAS). J Am Coll Cardiol. 2001 Dec;38(7):1788-94). 

5.5.7 Meta-Analysis of Vitamin E in CVD, Ischemic Heart Disease and Mortality  

s 
) 

e IHD 
ional 

 or 
ational 

studies have shown an inverse relationship between vitamin E and IHD. However, a 
g a 
 

se 

5.5.6 The Perth Carotid Ultrasound Disease Assessment Study (CUDAS) 

This study examined whether dietary intake or plasma levels of antioxidant vitamins 
were independently associated with common carotid artery intima-media (wall) 
thickness (IMT) or focal plaque, or both, in a large, randomly selected community 
population. Antioxidant micronutrients may protect against lipid

SD], range 27 to 77). They measured dietary vitamin intake and fasting plasma levels of 
vitamins A, C and E, lycopene and alpha- and beta-carotene and performed bilateral 
carotid artery B-mode ultrasound imaging. After adjustment for age and conventional ris
factors, there was a progressive decrease in mean IMT, with increasing quartiles of 
dietary vitamin E intake in men (p = 0.02) and a nonsignificant trend in women (p = 
0.10). Dietary vitamin E levels accounted for 1% of the variance in measured IMT in 
men. For plasma antioxidant vitamins, there was an inverse association between 
carotid artery mean IMT and plasma lycopene in women, but not in men. None of 
the other dietary or plasma antioxidant vitamins, or antioxidant vitamin supplements, 
were associated with carotid artery IMT or focal carotid artery plaque.  

CONCLUSIONS: This study provides limited support for the hypothesis that increa
dietary intake of vitamin E and increased plasma lycopene may decrease the risk of
atherosclerosis. No benefit was demonstrated for supplemental antioxidant vitam
use (McQuillan BM, Hung J, Beilby JP, Nidorf M, Thompson PL. Antioxidant vit
and the risk of carotid atherosclerosis. The Perth C

Observational studies have shown an inverse relationship between consumption of fruit
and vegetables high in beta-carotene, vitamins C and E, and ischemic heart disease (IHD
and stroke. In large observational studies, beta- carotene reduced the risk of IHD events 
in men, particularly in smokers. In contrast, four large randomized trials did not reveal a 
reduction in cardiovascular events with beta-carotene use, and may, in fact, increas
and total mortality in male smokers. There have been only a few large observat
studies and one randomized trial with vitamin C, which have shown no beneficial
deleterious impact of this vitamin on cardiovascular events. Most large observ

meta-analysis of the four randomized trials done in Europe and America involvin
total of 51,000 participants allocated to vitamin E or placebo for 1.4 to 6 years, did
not demonstrate a reduction in cardiovascular and IHD mortality and nonfatal 
myocardial infarction. Currently, there are no data to support the use of the
vitamins to reduce the risk of cardiovascular events. (Dagenais GR, Marchioli R, 
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Yusuf S, Tognoni G. Beta-carotene, vitamin C, and vitamin E and cardiovascular 
diseases. Curr Cardiol Rep. 2000 Jul;2(4):293-9). 

5.5.8 Statins, Niacin and Antioxidant Vitamins and Coronary Disease 

Both lipid-modifying therapy and antioxidant vitamins are thought to have benefit in 
patients with coronary disease. We studied simvastatin-niacin and antioxidant-vitamin 

f four regimens: simvastatin plus niacin, 
vitamins, simvastatin-niacin plus antioxidants; or placebos. The end points were 

 
HDL2 with simvastatin plus niacin was attenuated by concurrent therapy with 

cebos, 1.8 percent 
with an comparison with the placebo group), and 0.7 percent 
with simvastatin-niacin plus antioxidants (P=0.004) and regressed by 0.4 percent with 

as 24 

 or placebos on 

 must be questioned (Brown BG, Zhao XQ, Chait 
A, Fisher LD, Cheung MC, Morse JS, Dowdy AA, Marino EK, Bolson EL, Alaupovic P, 

n for 

9) 

therapy, alone and together, for cardiovascular protection in patients with coronary 
disease and low plasma levels of HDL. In a three-year, double-blind trial, 160 patients 
with coronary disease, low HDL cholesterol levels and normal LDL cholesterol levels 
were randomly assigned to receive one o

arteriographic evidence of a change in coronary stenosis and the occurrence of a first 
cardiovascular event (death, myocardial infarction, stroke, or revascularization).  

The mean levels of LDL and HDL cholesterol were unaltered in the antioxidant 
group and the placebo group; these levels changed substantially (by -42 percent and 
+26 percent, respectively) in the simvastatin-niacin group. The protective increase in

antioxidants. The average stenosis progressed by 3.9 percent with pla
tioxidants (P=0.16 for the 

simvastatin-niacin alone (P<0.001). The frequency of the clinical end point w
percent with placebos; 3 percent with simvastatin-niacin alone; 21 percent in the 
antioxidant-therapy group; and 14 percent in the simvastatin-niacin-plus-antioxidants 
group.  

This small 3-year study examined the effects of simvastatin with or without niacin and a 
combination of antioxidants (Vitamins E, C, selenium, and beta-carotene)
CVD protection in 160 patients with CVD. No clinical or angiographically measurable 
benefit from antioxidants was found. 

CONCLUSIONS: Simvastatin plus niacin provides marked clinical and angiographically 
measurable benefits in patients with coronary disease and low HDL levels. The use of 
antioxidant vitamins in this setting

Frohlich J, Albers JJ. Simvastatin and niacin, antioxidant vitamins, or the combinatio
the prevention of coronary disease. N Engl J Med. 2001 Nov 29;345(22):1583-92). 

5.5.9 Effect of B-group Vitamins and Antioxidant Vitamins on 
Hyperhomocysteinemia 

Mild hyperhomocysteinemia is accepted as a risk factor for premature 
cardiovascular disease. In a population with a high prevalence of cardiovascular 
disease, we screened a group of clinically healthy working men aged 30-49 y (n = 50
for plasma homocysteine and 5,10-methylene tetrahydrofolate reductase (MTHFR) 
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genotype status. Those with mildly elevated homocysteine concentrations (> or = 8.34
micromol/L) were selected for intervention. In a randomized, factorial-design, con
trial we assessed the effects of B-group vitamins and antioxidant vitamin 
supplementation on homocysteine concentrations. The 132 men we

 
trolled 

re randomly assigned 
to one of four groups: supplementation with B-group vitamins alone (1 mg folic acid, 7.2 

g 
ascorbic acid, 67 mg RRR-alpha-tocopherol, and 9 mg beta-carotene), B-group vitamins 

 

-

% CI: 

between the two groups of vitamins. The effect of B-group vitamin 
supplementation seemed to depend on MTHFR genotype. Supplementation with the B-

 
lar 

al-

ies 

 

ic 

ry 
disease: Cambridge Heart Antioxidant Study (CHAOS). Lancet, 347(9004):781-6 1996 

 angiographically proven coronary atherosclerosis were enrolled and 
followed up for a median of 510 days (range 3-981). 1035 patients were assigned alpha-

aily for first 546 patients; 400 IU daily for 
remainder); 967 received identical placebo capsules. The primary endpoints were a 

  

mg pyridoxine, and 0.02 mg cyanocobalamin), antioxidant vitamins alone (150 m

with antioxidant vitamins, or placebo. Intervention was double-blind. A total of 101 men
completed the 8-wk intervention.  

When homocysteine concentrations were analyzed by group, significant (P < 0.001) 
decreases (32.0% and 30.0%, respectively) were observed in both groups receiving B
group vitamins either with or without antioxidants. The effect of B-group vitamins 
alone over 8 wk was a reduction in homocysteine concentrations of 27.9% (95
22.0%, 33.3%; P < 0.001) whereas antioxidants alone produced a nonsignificant 
increase of 5.1% (95% CI: -2.8%, 13.6%; P = 0.21). There was no evidence of any 
interaction 

group vitamins with or without antioxidants reduced homocysteine in the men with
mildly elevated concentrations, and hence may be effective in reducing cardiovascu
risk (Woodside JV, Yarnell JW, McMaster D, Young IS, Harmon DL, McCrum EE, 
Patterson CC, Gey KF, Whitehead AS, Evans A. Effect of B-group vitamins and 
antioxidant vitamins on hyperhomocysteinemia: a double-blind, randomized, factori
design, controlled trial. Am J Clin Nutr. 1998 May;67(5):858-66). 

5.5.10 Cambridge Heart Antioxidant Study (CHAOS) (1996) 

Vitamin E (alpha-tocopherol) is thought to have a role in prevention of atherosclerosis, 
through inhibition of oxidation of low-density lipoprotein. Some epidemiological stud
have shown an association between high dietary intake or high serum concentrations of 
alpha-tocopherol and lower rates of ischemic heart disease. They tested the hypothesis
that treatment with a high dose of alpha-tocopherol would reduce subsequent risk of 
myocardial infarction (MI) and cardiovascular death in patients with established ischem
heart disease (Stephens NG; Parsons A; Schofield PM; Kelly F; Cheeseman K; 
Mitchinson MJ Randomized controlled trial of vitamin E in patients with corona

Mar 23).   

In this double-blind, placebo-controlled study with stratified randomization, 2002 
patients with

tocopherol (capsules containing 800 IU d

combination of cardiovascular death and non-fatal MI as well as non-fatal MI alone.
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Plasma alpha-tocopherol concentrations (measured in subsets of patients) rose in the 
actively treated group (from baseline mean 34.2 micromol/L to 51.1 micromol/L wi
400 IU daily and 64.5 micromol/L with 800 IU daily) but did not change in the placebo
group. Al

th 
 

pha-tocopherol treatment significantly reduced the risk of the primary 
trial endpoint of cardiovascular death and non-fatal MI (41 vs 64 events; relative risk 

is composite endpoint 
were due to a significant reduction in the risk of non-fatal MI (14 vs 41; 0.23 [0.11-0.47]; 

6 

 

treatment.  

one of 

tervention Trial (known as "Mr. Fit"), which showed that heart attacks could be 
reduced by eliminating certain risk factors; and the U.S. Physicians Study, which 

s 

r the past 19 years. The studies 
have assessed women's heart disease in light of a wide array of variables:  smoking, 

ence 
for 

coronary disease in one sex is a risk factor in the other sex as well," Stampfer says. 

search has convincingly put the lie to the myth that women can smoke and magically 
es' Health Study showed that even low levels of 

igarette use-one to four cigarettes a day-doubles a woman's risk of heart attack," 

he Nurses' Health Studies also have explored whether there is a link between oral 
t 

0.53 [95% Cl 0.34-0.83; p=0.005). The beneficial effects on th

p=0.005); however, there was a non-significant excess of cardiovascular deaths in the 
alpha-tocopherol group (27 vs 23; 1.18 [0.62-2.27]; p=0.61). All-cause mortality was 3
of 1035 alpha-tocopherol-treated patients and 27 of 967 placebo recipients. 

 INTERPRETATION: We conclude that in patients with angiographically proven 
symptomatic coronary atherosclerosis, alpha-tocopherol treatment substantially
reduces the rate of non-fatal MI, with beneficial effects apparent after 1 year of 

5.5.11 Omission of Women in Studies 

Until the last few years, nearly every large-scale study of heart health has excluded 
women as a matter of policy. The Veterans Administration Cooperative Study, 
the first to document the benefits of coronary surgery for angina; the Multiple Risk 
Factor In

demonstrated that aspirin could help prevent heart attacks-none enrolled a single 
woman. 

5.5.12 Nurses' Health Study and Nurses' Health Study II 

The omission of women from these studies is a matter that Stampfer and his colleague
have helped redress through the Nurses' Health Study and Nurses' Health Study II, 
which have enrolled more than 200,000 women ove

nutrition, physical activity, use of oral contraceptives, and more. "From all the evid
we've gathered to date, it's fair to say that whatever constitutes a risk factor 

There are a few exceptions--diabetes, for instance, increases women's chances of 
coronary disease slightly more than it does men's-but, in general, if something is bad-or 
good-for men's coronary arteries, it will have the same effect on women's arteries. This 
re
avoid heart disease. "The Nurs
c
he says. 

T
contraceptive use and coronary disease in women. The findings, Stampfer says, ough
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to
contraceptives and do not smoke are at no extra risk
sm
times above normal. Women who smoke and 
ti
Kicking the habit rapidly returns their risk to normal. 

T
protective effect against coronary disease, but there's no documented proof."  

More than 20 yea

 be reassuring to some women and alarming to others. "Women who use oral 
 for coronary disease. Women who 

oke and do not use oral contraceptives face a risk of coronary disease three to four 
use oral contraceptives face 20 to 30 

mes the risk" That increase, he adds, lasts only as long as women continue to smoke. 

he studies of oral contraceptives, suggest that lower doses may actually confer a 

rs ago, a doctor who was curious about the effects of long-term oral 
ontraceptive use sent questionnaires to 370,000 registered nurses. The answers he and 

st and longest repeated follow-up study of a 
roup of women, a fountain of information about health, in particular women's health.  

Vitamin E can protect against heart disease.  

*One or two drinks a day can increase the risk of breast cancer while protecting against 
heart disease.  

eir 

PHS I) 
 

), a 

) 
f 

bgroup of 333 men with prior angina or 
revascularization. 

c
colleagues received have turned into the large
g
 
5.5.13 Nurses' Health Study 
 
The project, known as the Harvard Nurses' Health Study, has yielded more than 200 
published findings, including these:  
 
*Hormone replacement therapy can increase the risk of breast cancer and can decrease 
the risk of heart disease and osteoporosis.  
 
*Margarine can increase the risk of heart disease.  
 
*
 

 
These findings, and many more, have altered how people eat and drink and live th
lives. Some scientists call the study the single greatest contributor to understanding 
women's health. 
 
5.5.14 Physicians' Health Study I (

The final results of the recently completed Physicians' Health Study I (PHS I
randomized, double-blind, placebo-controlled trial in 22,071 healthy US male 
physicians, indicated that beta-carotene supplementation (50 mg on alternate days
had no significant benefit or harm on cancer or CVD during more than 12 years o
treatment and follow-up. In regards to cancer, there were possible benefits on total and 
prostate cancer in those with low baseline levels assigned to beta-carotene, a finding 
compatible with the Chinese Cancer Prevention Study for combined treatment with 
beta-carotene, vitamin E, and selenium in a poorly nourished population. Further, with 
respect to CVD, there were apparent benefits of beta-carotene supplementation on 
subsequent vascular events among a small su
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5.5.15 Hormone Replacement Therapy and Antioxidant Vitamins in 

Postmenopausal Women 

Hormone replacement therapy (HRT) and antioxidant vitamins are widely used for
secondary prevention in postmenopausal women with coronary disease, but no 
clinical trials have demonstrated benefit to support their use. To determine whether 
HRT or antioxidant vitamin supplements, alone or in combination, influence the 
progression of coronary artery disease in postmenopausal women, as measured by serial
quantitative coronary angiography.  

5.6 The Women's Angiographic Vitamin and Estrogen (WAVE) Tr

 

 

ial 

 

gated 
ad not 

0 

e  (0.9) years. Coronary progression, 
 by 0.047 (0.15) mm/y and by 

 antioxidant vitamins by 0.044 
m/y (P =.32). When patients 

with intercurrent d th e showed an increased 
risk for women in  n 
the active vitamin r  the 
HRT placebo grou (h and 

. 

95% CI, 0. -3
0.80-2.9). Ther

 CONCLUSIO her HRT nor 
antioxidan i
potential for h ment (Waters DD, Alderman EL, 

sia J, Howard BV, Cobb FR, Rogers WJ, Ouyang P, Thompson P, Tardif JC, Higginson 
roschan M, Younes N, Verter JI. Effects of 

ormon y and antioxidant vitamin supplements on coronary 
atherosclerosis in p al. JAMA. 2002 
Nov 20;288(19):24
 
5.6.1 diovascular Disease 
Cardiovascular Di
 There is a wide

The Women's Angiographic Vitamin and Estrogen (WAVE) Trial, a randomized, 
double-blind trial of 423 postmenopausal women with at least one 15% to 75% 
coronary stenosis at baseline coronary angiography. The trial was conducted from July
1997 to January 2002 in 7 clinical centers in the United States and Canada. Patients were 
randomly assigned in a 2 x 2 factorial design to receive either 0.625 mg/d of conju
equine estrogen (plus 2.5 mg/d of medroxyprogesterone acetate for women who h
had a hysterectomy), or matching placebo, and 400 IU of vitamin E twice daily plus 50
mg of vitamin C twice daily, or placebo.  

The m an (SD) interval between angiograms was 2.8
hange, worsened with HRTmeasured in mean (SD) c

0.024 (0.15) mm/y with HRT placebo (P =.17); and for
(0.15) mm/y and w h it vitamin placebo by 0.028 (0.15) m

ea  or MI were included, the primary outcom
the active HRT group (P =.045), and suggested an increased risk i
 g oup (P =.09). Fourteen patients died in the HRT group and 8 in

azard ratio [HR], 1.8; 95% confidence interval [CI], 0.75-4.3),p  
ro p and 6 in the vitamin placebo group (HR, 2.8; 95% CI, 1.1-7.2)16 in the vitamin g u

Death, nonfatal MI, or stroke occurred in 26 HRT patients vs. 15 HRT controls (HR, 1.9; 
97 .6) and in 26 vitamin patients and 18 vitamin controls (HR, 1.5; 95% CI, 

e was no interaction between the 2 treatment interventions. 

N: In postmenopausal women with coronary disease, neit
t v tamin supplements provide cardiovascular benefit. Instead, a 

arm was suggested with each treat
H
L, Bittner V, Steffes M, Gordon DJ, P
h e replacement therap

ostmenopausal women: a randomized controlled tri
32-40). 

Antioxidants and Car
sease 

 range of cardiovascular disease: 
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• 
attack 

xygen supply to a 
 of the heart muscle, most commonly caused by CAD 

rosis – development of fatty buildups in the arteries 
Treatment and Prevention of CVD 

• Ecological and epidemiological evidence suggests that high consumption 
of fruits and vegetables is associ

• Fru d wines are rich in 
anti ne of the effective agents in it 

• The ly assumed that antioxidants played a role in 
this pro effect 

5.6.2 
 What are c

Facts abou
o 
o ide 

rd preventable blindness 

Ris

oholism 

o 
o n 

 
Three t

 in the lens cortex the extends from the outside of 

  People with 
diabetes, high farsightedness, or those taking high doses of steroids 

lar cataract 

Epidemiolo

Coronary Artery Disease (CAD) 
• Myocardial Infarction (MI) – heart 
• Cardiac Ischemia – insufficient blood and o

portion
• Atheroscle

ated with a decreased risk for CD 
its and vegetables, along with teas and re
oxidants, which may be o
refore, researchers logical

tective cardiovascular 
 

Antioxidants and Cataracts 
ataracts? 
o Lens of eye thickens and becomes less flexible 
o May develop cloudiness-senile cataract 
o Retina becomes damaged-exposure to oxygen 
t Cataracts 

Affects ½ American people 65 years and older 
#1 leading cause of blindness worldw

o 3  leading cause of 
o 1.7 million cataract surgeries/year 
o Estimated $3 billion/year in medical costs 

k Factors/Causes 
o Age 
o Smoking 
o Alc
o Trauma 
o Medications-long-term steroid use 
o In utero infections 

Heredity 
oUltraviolet Radiati

ypes 
Cortical-formso 
the lens to the center – diabetics 

o Nuclear –forms in the nucleus, the center of the lens, and is due to 
natural aging changes-most common 

o Subcapsular-cataract begins at the back of the lens.

may develop a subcapsu
 

gical Studies 
o Some studies have shown the strong preventative effects of ascorbate, 

tocopherol, and carotenoids  (not consistently) 
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o Daily supplements of ascorbate or tocopherol had 1/3 less risk of 
developing cataracts (other studies do not support this work) 

Epidemiologic
o 

ent with: 
 or 30,000 IS beta-carotene 

600 IU Vitamin E 
the study group while both groups still 

o merican Cataract Trial found that an antioxidant 

5.6.4 Bea

g vitamins C and E after 5-year follow-up 

 

o ↑ C intake → ↓ risk for cortical and nuclear cataracts 
upplement use for more than ten years ↓ progression 

of nuclear cataracts 
er 

 benefits of supplements of vitamin E or C or vitamin-rich 
foods has been weak or non-existent.  In two identically constructed trials in the US and 

 
al Studies 
3-year Study in the US and Britain 

o 297 subjects early-state cataracts, placebo or daily supplem
18 mg
750 mg Vitamin C 

↓ severity of cataracts in 
developed cataracts 
5.6.3 
Roche European A
supplement with vitamins C and E and beta-carotene lead to a small 
decrease in the progression of cataracts in less than 3 years 

 
Vitamin E 

ver Dam Eye Study - Wisconsin 
o 250 subjects 
↓ risk for nuclear and cortical cataracts among people using multivitamins or 
any supplement containin
 

5.6.5 The Longitudinal Study of Cataracts 
Vitamin E supplement use for a least a year 
↓ nuclear cataracts becoming more severe 

o Study funded by National Eye Institute 
4-year study 
Vitamin E supplements show ↓ risk by 50% 

Vitamin C 
o Nutrition and Vision Project 

o Vitamin C and E  s

o Nurses’ Health Study showed that the need for cataract surgery was low
among women who used vitamin C supplements for ten years or longer 

 
Common Ways to Theoretically Help Prevent Cataracts 

o Take Daily supplements of antioxidants 
o Stop Smoking 
o Diet rich in fruits and vegetables (i.e., green leafy veggies-collards, kale, 

spinach and broccoli 
o Drink beer!! 

 
Nonetheless, evidence on the

Page 391 of 931 



Britain, the American group derived no apparent benefit from vitamins E, C, and beta-
carotene while the British group reported very little cataract protection.  In 2002, a 
major on going American study called the Age-Related Eye Disease Study (AREDS) 
reported no difference in the incidence of cataracts after 7 years in people who took
antioxidant vitamins compared to those who took sham vitamins.  Evidence is 
suggesting that high doses of antioxidant supplements might have harmful effects.  
 
5.6.6 The Vegetarian Paradox 
 
Additionally, an English study that compared Asians to Caucasians living

 the 

 

 in the city of 
aeicester found that age-related cataract was significantly more common in the Asians, 

n the 

ction in 

 

bout 30% of patients who undergo extracapsular cataract surgery develop a secondary 
ication.  Nearly everyone who lives long 

nough will develop cataracts.  I believe that this could also be said for cancer, aging 

ic 

s 
 increased mortality. 

f 

e 
an 

ts 

L
and that a strict vegetarian diet was a significant risk factor for such cataracts i
Asians.  Wow.  This sounds like another “paradox.”  Another recent prospective study 
of 285,526 women, between the ages of 25 and 70 years, published in the Jan. 12, 2005 
issue of JAMA revealed that a diet high in fruit and vegetables offered no prote
females from breast cancer. Again, weakening the Free Radi-Crap theory as it relates to 
ingestion of vegetables, containing antioxidants, to protect the individual from oxidative 
stress-type diseases.  Since the lens of the eye normally has very low levels of O2, I 
ask, “How it can be responsible for the generation of such large quantities of oxygen
free radical production?”  

 
A
“after-cataract” called posterior capsular opacif
e
and arteriosclerosis.  As the old joke says, “Birthdays are good for you. The more 
birthdays one has, the longer you will live,” In a 2001 study, cataracts were associated 
with a significantly higher mortality rate in older women, although not older men.  One 
English study reported that even middle-aged people with cataracts, particularly ethn
minority groups, had lower survival rates than their peers, perhaps because of 
premature aging.  I believe that this is due to decreased levels of EMODs and that this i
responsible for the overall decline in health and the
 
Women have a higher risk of cataract formation than men and women who started 
menstruating late are at an even higher risk.  Obesity is another risk factor for cataracts.  
African Americans are four times more likely than Caucasians to develop signs o
cataracts.  Their higher rates may be due to other medical illnesses, particularly 
diabetes.  I believe that this is another example of “one good EMOD deficiency diseas
deserves another.”  Also, this is consistent with the lower hemoglobin levels in Afric
Americans.  Additionally, I have previously pointed out that blacks have lower white cell 
counts than whites and all of these factors may contribute to lower levels of RONS and 
consequently, they present with a cluster of diseases, such as cataracts, cancer, heart 
disease, stroke, etc. 
 
5.6.7 Carotenoids and UV Light Damage  
 
Beta-carotene, lycopene, lutein, and zeaxanthin are plant pigments and antioxidan
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that help capture light for photosynthesis and provide photoprotection in plants. In 
umans, these carotenoids deposit in the skin and eyes, where they may act as a visible-

t photooxidative 
actions that can cause free-radical damage to tissues.  Skin and eyes are constantly 

ing, 

nd 

. 

ul 
 central retina.  Although 

arotenoids are not considered essential nutrients, this review article suggests that these 
ntioxidants play important roles in protecting against free-radical damage from 

, Stahl W., “Non-nutritive bioactive 
onstituents of plants: lycopene, lutein and zeaxanthin,” International Journal for 

 
cer 

me 

ey 
se 

at 

ibition of 
ents 

h
light filter by absorbing some of the sun’s harmful rays and preven
re
exposed to oxygen and sunlight, which may increase the risk of sunburn, skin ag
skin cancer, macular degeneration and cataracts.   
 
In terms of skin health, several studies have found that supplemental beta-carotene can 
reduce sunburn. It may provide systemic protection in addition to topical sunscreens, a
the sunburn-reducing benefits are achieved after 10 weeks of supplementation. Beta-
carotene likely reduces sunburn by increasing protective antioxidant reserves in the skin
One study found that lycopene can also protect against sunburn. In terms of eye health, 
lutein and zeaxanthin form the “macular pigment,” which may filter out harmf
visible or “blue” light rays and reduce free-radical damage in the
c
a
the sun’s ultraviolet and visible light rays.  (Sies H
c
Vitamin and Nutrition Research, 2003;73:95-100).  Please note that other papers have
indicated that sunlight has a cancer protective effect, especially in prostate can
and lymphoma.  Thus, long term use of antioxidants could increase rates of so
cancers. 
 
5.6.8 Antioxidant Therapy Combined with Cancer Therapy 
 
Some physicians believe in the combination of antioxidants with cancer therapy.  
However, an opposing view is presented by Dr. Rudolph Salganik, University of North 
Carolina, who states that free radicals, generated through chemicals and radiation, should 
be allowed to work unencumbered and without interference from antioxidants.  He states, 
“Since reactive oxygen species act as essential apoptotic mediators, we reasoned that 
increasing ROS levels might enhance apoptosis and thereby slow tumor growth.”   Th
found that an antioxidant depleted diet dramatically increased apoptosis in mou
tumor cells but did not affect normal tissue.  In 2000, the Salganik team concluded th
when the multitudes of oxidants are not suppressed by antioxidants, they mediate 
apoptosis, or cell death, the exact intent of cytotoxic therapies.   
 
 
5.6.9 Dexanabinol and Traumatic Brain Injury 
 
The major psychoactive constituent of Cannabis sativa, delta(9)-tetrahydrocannabinol 
(delta(9)-THC), and endogenous cannabinoid ligands, such as anandamide, signal 
through G-protein-coupled cannabinoid receptors localized to regions of the brain 
associated with important neurological processes.  Signaling is most inhibitory and 
suggests a role for cannabinoids as therapeutic agents in CNS disease where inh
neurotransmitter release would be beneficial.  Anecdotal evidence suggests that pati
with disorders such as multiple sclerosis smoke cannabis to relieve disease-related 
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symptoms.  Cannabinoids can alleviate tremor and spasticity in animal models of 
ultiple sclerosis, and clinical trials of the use of these compounds for these symptoms 

cannabinoid nabilone is currently licensed for use as an anti-emetic 
gent in chemotherapy-induced emesis.  Evidence suggests that cannabinoids may prove 

ate and 

his ballyhooed antioxidant was the most recent antioxidant to fail to meet its 
t 

orp. announced that the Phase III 
ial involving 861 patients at risk of brain damage from accidents failed to show 

ot 
research 

cardiac surgery.  In 
ovember, Pharmos reported mixed results in a Phase II trial of the drug, in that it 

res s ed cognitive tests.  
 
5.6.10 Conclusion 
 
One a s predictability and is 

asicall tions are neither logical 
 
not 

 
deal with the fact that the Free 

is 

High energy requirement 

m
are in progress.  The 
a
useful in Parkinson’s disease by inhibiting the excitotoxic neurotransmitter glutam
counteracting oxidative damage to dopaminergic neurons.  The inhibitory effect of 
cannabinoids on reactive oxygen species, glutamate and tumor necrosis factor 
suggests that they may be potent neuroprotective agents.  Dexanabinol (HU-211), a 
synthetic cannabinoid, is currently being assessed in clinical trials for traumatic brain 
injury and stroke. (Croxford, J.L.  Therapeutic potential of cannabinoids in CNS disease.  
CNS Drugs 2003; 17(3): 179-202).   
 
T
predictions.  Dexanabinol is a peroxyl radical scavenger and was predicted to preven
post traumatic brain injury.  On 12/20/04 Pharmos C
tr
efficacy for Dexanabinol.  I believe that it failed because oxygen free radicals are n
responsible for brain damage.  Yet, the manufacturer is pushing ahead with 
into the use of the drug in treating cognitive impairment in 
N
measured improvement  on the “Stroop test” but it failed to demonstrate similar 

ult  on five-other computeriz

 c n readily see that the Free Radi-Cra
y a meaningless approach.  Observations and predic

p Theory lack
b
nor predictable.  Patients treated with antioxidants should decrease the incidence
and increase protection against cancer, arteriosclerosis and cataracts.  This does 
happen and there are strong indicators that harm may be done by ingestion of these

me antioxidants.  Investigators are going to have to sa
Radi-Crap Theory is wrong and they need to stop trying to force the data to fit th
flawed theory.  
 

cientific studies are used to determine if a theory is valid or invalid.  The Free S
Radi-Crap theory has been proven to be invalid. 
 
 Unless the Free Radi-Crap theory can explain the inconsistencies and failures of 
antioxidant supplements, in the prevention or cure of aging and diseases 
attributable to oxygen free radicals, the theory is dead. 
 
The brain is particularly vulnerable to oxidative stress.  Factors include the brain’s: 

• 
• High oxygen consumption 
• Richness in polyunsaturated fatty acids (over 70% fat in brain tissue) 
• High levels of transition metals (e.g., iron, copper) 
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• Relatively low antioxidant defenses 
 
It is also notable that dopamine can generate quinones (which many consider as a 

tary 

s. Only 
n in 

perties have been vitamin C, vitamin 
, and beta-carotene (which the body converts into vitamin A). Studies have had 

ion scientifically is to 
onduct long-term double-blind clinical studies comparing vitamin users to nonusers and 

ntially tempered by a series of negative clinical trials for both 
een in secondary 

ention. 
t trial to show a possible benefit of vitamin E was for secondary prevention 

d-stage renal disease. The Alpha Tocopherol Beta Carotene Cancer 
rease in cerebral hemorrhage for participants who were 

taking 50 mg of vitamin E daily compared with placebo (Jialal I, Traber M, Devaraj S. Is 
 Opin Lipidol. 2001; 12: 49–53). Given the lack of 

ical trials to date, antioxidant vitamin combinations 
ry allowances should not be recommended for 

 cardiovascular disease. It will be important that 
ients that the use of antioxidants could be hazardous, 

ering drugs (Lewis H. Kuller. A Time to Stop 
ins to Prevent and Treat Heart Disease? Arteriosclerosis, 

gy. 2001;21:1253).  

re Free Radicals Involved? 

cies 

e  attrition and deficiencies, with deficits of 

main free radical), hydrogen peroxide and free radicals and that treatment with 
Levodopa may increase oxidative stress in the brain.   
 
Some of the following material was excerpted, abstracted or modified from an article 
entitled, Antioxidants and Other Phytochemicals:  Current Scientific Perspective 
by Stephen Barrett M.D. at the website quackwatch.org, last revised June 3, 2005.  
 
It is believed that people who eat adequate amounts of fruits and vegetables high in 
antioxidants have a lower incidence of cardiovascular disease, certain cancers, and 
cataracts. Fruits and vegetables are rich in antioxidants, but it is not known which die
factors are responsible for the beneficial effects. Each plant contains thousands of 
phytochemicals (plant chemicals) whose presence is dictated by hereditary factor
well-designed long-term research can determine whether any of these chemicals, take
a pill, would be useful for preventing any disease. 
 
The best known phytochemicals with antioxidant pro
E
conflicting and confusing results. The only way to settle the quest
c
checking death rates from all causes. 

The initial enthusiasm for antioxidant therapy to prevent or treat cardiovascular disease 
has been substa  

vitamins E and C and ß-carotene. Most of the vitamin E results have b
prevention trials, whereas ß-carotene has not been efficacious even in primary prev

 The only recen
in patients with en
Prevention Trial reported an inc

there a vitamin E paradox? Curr
efficacy of antioxidants in clin
above the recommended dieta
prevention or treatment of
physicians advise their pat
especially in combination with lipid-low
Prescribing Antioxidant Vitam
Thrombosis, and Vascular Biolo
 
5.7 12.7  The Aging Process:  A
 
5.7.0 Aging:  A Disease of Attrition and Deficien
 
It app ars to me that aging is a disease of
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the following: 

iac output 
ecreased coronary artery blood flow 

Decreased brain blood flow 
ber of neurons 

d ox  in the skin 
d co s linking 

 blood cells (anemia) 
Decreased oxygen carrying capacity of the blood 

.7.1 Aging and Hormone Deficiencies 

other endocrine glands. It produces a variety 

Oxygen (superoxide anion, hydrogen peroxide and singlet oxygen) 
Hormones (DHEA, testosterone, estrogen, etc.) (the equivalent of castration) 
Muscle mass 
Thymus activity 
Immunologic responsiveness 
Oxygen consumption of the skin 
Oxygen consumption overall 
Cellular oxygen utilization 
Compliance of the chest wall 
Decreased heart function 
Decreased card
D

Decreases num
Decrease
Decrease

ygen levels
llagen cros

Decreased red

 
5
 
"Endocrine" glands secrete directly into the blood and circulate immediately throughout 
the body. "Endo" means inside, thus denoting that these glands place their secretions 
inside the body, namely into the blood stream. Such a secretion is a "hormone" (derived 
from a Greek word meaning "to stimulate"). Hormones are one of the languages the 
body speaks between its various parts, letting the various organs know if they need to 
speed up or slow down, make more of this or less of that. It is an exquisite biochemical 
symphony. One of the other languages is EMODs. 
Blood circulates throughout the body in sixty seconds. Therefore, it takes approximately 
sixty seconds for a hormone to reach any other part of the body. The endocrine glands are 
the following:  
 

PITUITARY  

thyroid  adrenals  

parathyroids  pancreas  

thymus  ovaries/testes  
 
The pituitary is listed on top and in capital letters, because it is the so-called "master" 
endocrine gland. The hypothalamus is also considered as being a master conductor of 
hormonal activity. It serves to regulate the 
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of "trophic hormones" which tell the other endocrine glands to speed up, work harder. It 
also produces HGH or human growth hormone.  
As we all age, and the endocrine glands decrease their function, the pituitary begins to 
increase its output. This contributes to the development of a state of exhaustion. Thus, 
normal aging (as distinguished from abnormal aging from poor diet and lack of exercise) 
is caused by the gradual decline of the endocrine glands with a resulting decrease in 

ormones, and just at 

rine glands. When the 

ecause insulin helps drive glucose into cells. Glucose is an important energy source for 

h 
e 

ditions of stress. When the adrenals are exhausted, the other glands 

, 
e 

rogen, 

ds work together and depend upon 
ach other, and the failure of one of them affects the rest as well.  

 

.  

he physiological changes associated with aging represent a pattern which is the 

 

 
o 

circulating hormones. EMODs are accused of being involved in the decline of the 
endocrine organs. 
Aging cells become more and more resistant to the effects of h
that time in life when the body needs a boost in hormone levels, it gets a decrease instead. 
The hormone secretions of the endocrine glands not only affect the health and well-being 
of the rest of the body, but they also are dependent on each other to maintain health. 
Thus, when the thyroid gland slows down, and the basal metabolic rate is slowed down, 
this, in turn, slows down the functioning of all the other endoc
parathyroids age, they no longer hold calcium metabolism within the boundaries 
required for maximal health. When the thymus partially degenerates (which it does by 
age twenty) the immune system is no longer the lion it once was. When the pancreas 

all the other endocrine glands are denied easy access to glucose, puts out less insulin, 
b
the functioning of all the cells of the body.  
The adrenal glands are responsible for regulating the body's response to stress throug
regulation of protein, carbohydrate and mineral metabolism, as well as powering up th
immune system in con
are unable to cooperate in reducing the effects of stress, and the body is more susceptible 
to infections. The adrenals become exhausted through constant exposure to stress from 
any source.  
The testes and adrenals in men and the adrenals alone in women make testosterone
and this hormone is responsible for maintaining aerobic metabolism and preventing th
body from resorting to the far less efficient anaerobic metabolism.  
The ovaries and adrenals in women and the adrenals alone in men make est
which lends softness and pliability to tissues without sacrificing strength. When estrogen 
production wanes, the connective tissue component of all organs (including the endocrine 
glands) suffer. The point is: all the endocrine glan
e
Endocrine gland failure is inevitable, and it is part of what is called "normal" aging.
Warding off abnormal aging is done by proper diet, exercise and sleep. Slowing down 
normal aging is possible through timely recognition and correction of endocrine failure
 
T
same for all individuals, although rates of aging differ among differing individuals, 
ethnicities or even between different organs or tissues.  Both genetic and environmental
factors are involved. 

As we age, rates of cell division slow down and fewer, less effective cells cause organs t
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become less efficient.  Impairment becomes more noticeable as tasks become more 
complex.  Highly differentiated cells undergo functional changes.  It is estimated that
20-40% of neurons are lost during aging and blood flow to the brain decreas
causing a decline in cerebral function.  Synthesis of neurotransmitters is reduced a
there is an overall considerable reduction in neurotransmitter levels.  Alzheimer’s senile 
dementia has an onset which can be as early as the fourth or fifth decade but brain 
deterioration accelerates in the eight decade and it now appears that high aluminum
in the brain are the result of Alzheimer’s and not the cause.  However, there is a gradu
loss of functional neurons associated with aging. 
 
The cardiovascular system is dramatically affected by aging.  The work load of the 
heart increases due to arteriosclerosis and the effectiveness of the heart as a pump is
reduced.  Resting cardiac output falls and blood flow through the coronary arteries
reduced.  Thus, the workload of the heart increases and its nutrient supply (oxygen) 
decreases.  The aged heart is less responsive to stress. 
 
Iron absorption is reduced in the elderly and iron stores can b

 
es 

nd 

 levels 
al 

 
 is 

e depleted by ulcerative 
disease, undiagnosed cancer and excessive use of aspirin.  Obviously, iron deficiency 

5.7.2 Aging and Antioxidants:  SOD Mimetics Decreased Life Span of C. Elegans 

Aging Research News, May 2002:  Dangerous antioxidant therapy - A new report 

ans 
eroxide dismutase/catalase mimetic drugs, EUK-8 and 

EUK-134, could extend life span when added to the worms' diet. Bayne and Sohal 

 

would decrease the opportunity for the Fenton reaction to occur. 

published in the journal Free Radical Biology and Medicine illustrates the potential 
dangers of taking antioxidant supplements. It has been suggested that dietary 
supplementation with antioxidants might provide many health benefits, including a 
reduction in the rate of aging. Work performed in the nematode Caenorhabditis eleg
previously showed that two sup

decided to test these same antioxidants in a similar manner in house flies. They found 
that rather than helping the flies to live longer, dietary supplementation with these 
antioxidants actually shortened life span (Bayne, A. V. and Sohal, R. S. (2002). Effects
of superoxide dismutase/catalase mimetics on life span and oxidative stress resistance in 
the housefly, Musca domestica. Free Radic Biol Med 32, 1229-34.)   Their conc
were as follows:  1) the effects of SOD/catalase mimetics appear to be species 
specific, 2) SOD/catalase mimetics do not extend lifespan in house flies as contrasted 
with results in worms, 3) SOD/catalase mimetics do not affect protein carbonyl
levels in house flies, 4) SOD/catalase mimetics do shorten lifespan during oxidative 
stress, possibly due to toxicity or its opposite, low intake. 

This work clearly demonstrates that antioxidant effects or dosages are species or  

lusions 

 

genotype specific.  

5.7.3 CoQ May Shorten Lifespan 
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CoQ is unique and clearly distinct from other antioxidants because it can be synthesize
de novo in all animal tissu  

 

d 
es, suggesting the possibility that it could be up- and down-

regulated according to the prevailing oxidant status (Ernster, L., and Dallner, G. (1995) 
d medical aspects of ubiquinone function. Biochim. 

Biophys. Acta 1271, 195–204). 

, 
ently 

 

es 
e for 

e 
s are 

pplements. The scientific data supporting the use of 
antioxidant compounds as dietary supplements are mixed and there is no evidence that 

plement with antioxidant properties, might actually accelerate 
aging in model organisms (see above ref. Larsen and Clarke, 2002).  I repeat, in these 

53 show a 
dramatically reduced risk of cancer yet have normal longevity (Garcia-Cao, I., 

latt, P., Flores, J. M., Weill, J. C., 
Blasco, M. A., and Serrano, M. (2002). 'Super p53' mice exhibit enhanced DNA damage 

ork 

n, G., 

f 

Biochemical, physiological an

Scientists believe that antioxidant therapy is likely to have a role in slowing human aging
or, at least, in slowing the onset of age-related diseases and loss of vitality. It is curr
unclear which antioxidants will have the desired effect and what the optimal dosage will 
be for a particular supplement. Not only are the effects of antioxidants likely to be species
specific, but it is very likely that they also will be genotype specific. Until these 
diagnostic tools are available, taking antioxidants or other "anti-aging" therapi
may have the opposite effect and cause a person to age more rapidly. This is tru
both natural antioxidants such as coenzyme Q  (Larsen, P. L., and Clarke, C. F. 
(2002). Extension of Life-Span in Caenorhabditis elegans by a Diet Lacking Coenzym
Q. Science 295, 120-3) and synthetic antioxidant drugs.).  Antioxidant compound
often marketed as "anti-aging" su

taking any currently available antioxidant compounds has any beneficial affect on 
the rate of human aging. In fact, recent research suggests that Coenzyme Q, often 
sold as a dietary sup

studies CoQ actually shortened lifespans, even though it is sold as an antioxidant 
agent to extend lifespans. 

5.7.4 Over-Expressing p53 

Aging Research News, November 2002:  p53 Dosage Important for Cancer but not 
Aging - Researchers have recently demonstrated that mice overexpressing p

Garcia-Cao, M., Martin-Caballero, J., Criado, L. M., K

response, are tumor resistant and age normally. Embo J 21, 6225-6235). The recent w
contradicts a previous study in which it was reported that increased dosage of p53 
shortens life span and causes phenotypes similar to premature aging (Tyner, S. D., 
Venkatachalam, S., Choi, J., Jones, S., Ghebranious, N., Igelmann, H., Lu, X., Soro
Cooper, B., Brayton, C., Hee Park, S., Thompson, T., Karsenty, G., Bradley, A., and 
Donehower, L. A. (2002). p53 mutant mice that display early ageing-associated 
phenotypes. Nature 415, 45-53). 

The 'Super p53' transgenic mice of Garcia-Cao et al. express p53 under the regulation o
its own promoter, an important difference from previous work, which may account for 
the differing results.  

It is interesting to note that although the incidence of cancer is dramatically reduced in 
Super p53 mice, survival does not appear to be improved (approximately 25% dead 
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at time of publication) relative to normal animals. They interpret this to suggest tha
something else is killing animals that would normally die from cancer, perhaps enhanced 

t 

slowing the production of cellular and macromolecular damage rather than enhancing the 
ion and repair pathways, a position supported by this work.  

risk of 
 

 3-

nswered questions on lifestyle (including diet and dietary 
supplementation, smoking, alcohol consumption, etc.) and background during the course 

oups report a significant decrease in the development of AD in 
subjects with high levels of dietary vitamin E and vitamin C intake. Interestingly, 

 vitamin E and vitamin C may not 
provide the protective effect offered by these antioxidants when obtained from foods.  

 

xample, a subject 
suffering from the onset of dementia may forget to take her antioxidant supplement more 

hite, L. R. 
t. 

esign of these studies is the 
ct that foods are highly complex mixtures of bioactive substances. Attributing the 

e among the thousands present in foods 
cks scientific rigor.  

 5.7.7 13.0  Placebo 

  Fact or Folklore? 

apoptosis. Scientists believe that the key to promoting longevity in humans lies in 

damage recognit

5.7.5 Dietary Antioxidants and Alzheimer Disease 

Link between Dietary Antioxidants and Alzheimer Disease? - Two recent papers 
(Engelhart, M. J., Geerlings, M. I., Ruitenberg, A., van Swieten, J. C., Hofman, A., 
Witteman, J. C., and Breteler, M. M. (2002). Dietary intake of antioxidants and 
Alzheimer disease. Jama 287, 3223-9) (Morris, M. C., Evans, D. A., Bienias, J. L.,
Tangney, C. C., Bennett, D. A., Aggarwal, N., Wilson, R. S., and Scherr, P. A. (2002). 
Dietary intake of antioxidant nutrients and the risk of incident Alzheimer disease in a 
biracial community study. Jama 287, 3230-7) published in the Journal of the American 
Medical Association suggest that higher dietary levels of Vitamin E and Vitamin C 
can help protect against the onset of symptoms associated with Alzheimer disease 
(AD). Both studies were conducted by following large numbers of elderly people over
6 years and monitoring the development of dementia and cognitive decline associated 
with AD. Participants a

of the studies. Both gr

these studies suggest that dietary supplementation with

5.7.6 Caveats 

While suggestive and of interest, both studies have flaws that call into question the 
validity of their results. First, since the data is largely based on the memory of the study
subjects (who may be losing cognitive ability due to onset of AD), the accuracy of the 
answers provided can not be estimated or verified. Furthermore, it is possible that the 
observed associations (or lack thereof) could be the result of changes in diet or 
supplement use of a subject in response to preclinical AD. For e

often than an unaffected subject. Many of the potential problems with these studies are 
discussed in the accompanying article by Foley and White (Foley, D. J., and W
(2002). Dietary intake of antioxidants and risk of Alzheimer disease: food for though
Jama 287, 3261-3).  Possibly the greatest weakness in the d
fa
experimental outcome to one active substanc
la

5.7.8 Arthritis Diet Remedies: 
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Arthritis sufferers have been trying for centuries to rid themselves of their debilitating 
pain. They have covered themselves in cow manure twice a day, stood naked under a full
moon, kept two sesame seeds in their navel overnight while sleeping, worn radioactive 
devices, endured scores of bee stings, tolerated venoms of snakes, and recently hav
rubbed on the mechanical lubricant WD-40. 

 

e even 
If these measures helped, it was probably 

because the sufferers wanted them to so desperately. Some scientists today credit such a 
itis diets. Others believe 

dietary manipulation can truly ease pain; but even they say we need more long-term 

al 
ygen is 

detrimental to their health and well being.  Even Warburg indicated the detriment to 

 

5.8 What are Antioxidants? 

Antioxidants are substances that may protect cells from the damage caused by unstable 
dants 

icals 

idants Prevent Cancer?  Another View 

scale, randomized clinical trials reached inconsistent conclusions. 

5.8.2 s Shown in Previously Published Large-Scale Clinical Trials? 

out 
d 

eared 
epending upon the patient population. The conclusions of each 

study are summarized below. 

"placebo effect" with the pain relief gained from special arthr

scientific studies (PDR Family Guide to Nutrition and Health). 

One has to question the nocebo effect of repeatedly telling people that oxygen is a leth
toxin and the psychological consequences of convincing people that ox

public health subsequent to the demonization of oxygen.   

5.7.9 13.1  Setting the Record Straight 
 
The following information was obtained at the web site of the National Cancer 
Institute: 

molecules known as free radicals. Free radical damage may lead to cancer. Antioxi
interact with and stabilize free radicals and may prevent some of the damage free rad
otherwise might cause. Examples of antioxidants include beta-carotene, lycopene, 
vitamins C, E, and A, and other substances. 

5.8.1 Can Antiox

Considerable laboratory evidence from chemical, cell culture, and animal studies 
indicates that antioxidants may slow or possibly prevent the development of cancer. 
However, information from recent clinical trials is less clear. In recent years, large-

What wa

Five large-scale clinical trials published in the 1990s reached differing conclusions ab
the effect of antioxidants on cancer. The studies examined the effect of beta-carotene an
other antioxidants on cancer in different patient groups. However, beta-carotene app
to have different effects d

5.8.3 Chinese Cancer Prevention Study 
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• The first large randomized trial on antioxidants and cancer risk was the Chinese 
Cancer Prevention Study, published in 1993. This trial investigated the effect of a 
combination of beta-carotene, vitamin E, and selenium on cancer in healthy Chinese men 
and women at high risk for gastric cancer. The study showed a combination of beta-
carotene, vitamin E, and selenium significantly reduced incidence of both gastric cancer 
and cancer overall. 

l combinations, cancer incidence, and 
disease-specific mortality in the general population. J Natl Cancer Inst 1993;85:1483-91).  

5.8.4 Alpha-Tocopherol (Vitamin E)/Beta Carotene Cancer Prevention Study 

• A 1994 cancer prevention study entitled the Alpha-Tocopherol (vitamin E)/Beta-

Prevention Study Group. The effects of 
vitamin E and beta carotene on the incidence of lung cancer and other cancers in male 

• Another 1994 study, the Beta-Carotene and Retinol (vitamin A) Efficacy Trial 

er Prevention Study Group. The effects of 
itamin E and beta carotene on the incidence of lung cancer and other cancers in male 

96 Physicians' Health Study I (PHS) found no change in cancer rates 
ssociated with beta-carotene and aspirin taken by U.S. male physicians. 

nt 

rotene 

 (Blot WJ, Li JY, Taylor PR, et al. Nutrition intervention trials in Linxian, China: 
supplementation with specific vitamin/minera

(ATBC) 

Carotene Cancer Prevention Study (ATBC) demonstrated that lung cancer rates of 
Finnish male smokers increased significantly with beta-carotene and were not 
affected by vitamin E.  

(The Alpha-Tocopherol, Beta Carotene Cancer 

smokers. N Engl J Med 1994;330:1029-35).  

5.8.5 Beta-Carotene and Retinol (Vitamin A) Efficacy Trial (CARET) 

(CARET), also demonstrated a possible increase in lung cancer associated with 
antioxidants.  

(The Alpha-Tocopherol, Beta Carotene Canc
v
smokers. N Engl J Med 1994;330:1029-35). 

5.8.6 1996 Physicians’ Health Study I (PHS) 

• The 19
a

(Hennekens CH, Buring JE, Manson JE, Stampfer M, Rosner B, Cook NR, et al. Lack of 
effect of long-term supplementation with beta carotene on the incidence of maligna
neoplasms and cardiovascular disease. N Engl J Med 1996;334:1145-9). 

5.8.7 1999 Women’s Health Study (WHS) 

• The 1999 Women's Health Study (WHS) tested effects of vitamin E and beta-ca
in the prevention of cancer and cardiovascular disease among women age 45 years or 
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older. Among apparently healthy women, there was no benefit or harm from beta-
carotene supplementation. Investigation of the effect of vitamin E is ongoing. 

(Lee IM, Cook NR, Manson JE. Beta-carotene supplementation and incidence of cancer 
and cardiovascular disease: Women's Health Study. J Natl Cancer Inst 1999;91:2102-6). 

5.9 14  Diabetes and Antioxidants 

There is a recurring disease triad of arteriosclerosis, obesity and diabetes (perhaps 

al 
deficiency disease deserves another.”  Consequently, they are so frequently clinically 

 it 
d in people with the highest blood sugar levels.  The study included 1.29 

million South Koreans, who were followed for 10 years, and participants with diabetes 
er.  

”  To these investigators, it is unclear how diabetes might lead to cancer, other 
than insulin causing runaway cell growth.  In the United States, diabetes affects more 

 

al deficiency states, which are seen in aging, obesity and cancer.  
For this reason, exercise, which I believe is equivalent to a dose of EMODs, helps to 

d 

 the 

 ill effects from this 
damage. 

 

also cancer), which I believe holds clues to the true mechanisms of these associated 
diseases.  Further, I believe that it follows my rule that “one good free radic

related. 
 
A study in the Jan. 12, 2005 issue of JAMA of more than 1 million South Koreans 
suggests diabetes can raise the risk of developing and dying from several types of cancer, 
including digestive-tract tumors.  Diabetes is often linked to obesity, and obesity is 
known to increase the risk of cancer.  The highest risks for developing and dying from
were foun

were roughly 30% more likely than those without to develop and die from canc
This is another example of “one good free radical deficiency disease deserves 
another.

than 18 million and it is associated with obesity and aging.  Exercise and diet can help
prevent the most common form of diabetes.  I believe that diabetes is tied to the low 
levels or free radic

prevent, improve or somewhat control all of these conditions.   
 
5.9.1 Diabetic Retinopathy 

A new study suggests people with diabetes may be able to avoid vision problems if 
they keep the light on while they sleep (The Lancet, 2002;359:2251-2253). 

Diabetic retinopathy is a common complication of diabetes and a leading cause of 
blindness. The condition results because diabetics typically experience impaire
function of the small blood vessels, which results in less oxygen being available to 
body tissues, including those in the retina of the eye. Because certain receptors in
retina responsible for night vision require more oxygen than any other cell in the 
body in low light situations, they are particularly vulnerable to

British researchers studied the impact of increased oxygen to the retinas of diabetic 
patients. The study involved seven people with diabetes and eight people without the 
disease. 
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All of the people in the study were given tests to measure oxygen in the retina afte
period of darkness. Predictably, the diabetic patients had less oxygen than th
non-diabetics.  

All were then given oxygen to inhale, and then retested for oxygen levels in their retinas. 
Results showed oxygen levels remained the same in the non-diabetics but increased back 
to normal levels for the diabetics. 

r a 
e 

ption in diabetic retinas, the investigators 
ht on may prevent the oxygen deprivation in the retina that 

t 

d 
tic 
 the 

ions 

ng 
 
 

ies and arterioles by making the blood thicker and 
er rrying blood fails to reach various parts of the body in time, 

t.  It mounts because there is a deficiency state of EMODs, 

Since light can improve oxygen consum
conclude sleeping with the lig
occurs during darkness. Study author Neville Drasdo notes, "Since light transmission 
through closed lids is adequate to suppress dark adaptation, our findings strengthen the 
suggestion that diabetic patients might benefit from a modified cycle of nighttime 
illumination during sleep, to reduce oxygen consumption in the retina."  I believe tha
the important factors here is the fact that diabetics have lower levels of oxygen 
getting to their tissue and cells, due to small arteriolar disease, and they thus, allow 
the manifestation of cancer, arteriosclerosis and cataracts. 

Investigators report that studies in rats bolster the idea that a primary cause of 
microvascular complications is chemically reactive, tissue damaging free radicals 
and other comical changes resulting from the increased transfer of electrons and 
protons from glucose to NAD (nicotinamide adenine dinucleotide) by a sequence of 
reactions known as the sorbitol pathway (Diabetes. 2004;53:2931-2938).  J. R. 
Williamson proposed this theory 11 years ago (Diabetes. 1993;42:801-803) but it was 
believed that it was insufficient to produce enough free radicals and a large trial foun
that a drug that acted on the sorbitol pathway was ineffective in preventing diabe
retinopathy (Arch Ophthalmol.  1990;108:1234-1244).  Thus, today studies focus on
toxic effects of hyperglycemia directly on tissue and others hold that glucose 
metabolism creates sustained alterations in cell signaling pathways, producing disrupt
in the healthy function of tissues (JAMA. 2002;288:2579-2588).   

5.9.2 Pancreatic Function 

The pancreas contains beta cells which make insulin, the hormone that helps cells take in 
glucose needed for cellular energy.  When glucose builds up in the blood instead of going 
into cells, it causes two problems:  it starves your cells for energy and it produces 
complications in small blood vessels, especially in the eyes, kidneys and heart.   I 
believe that this is the beginning of the development of decreasing levels of oxygen bei
able to get into cells and with the decrease in glucose in the electron transport chain and
in Kreb’s cycle, which leads to deficiencies in EMODs.  This is accentuated by the high
levels of blood glucose which the body converts into triglycerides.  Triglycerides slow 

lood flow in the smaller arterb
sticki .  As the oxygen-ca
the damage begins to moun
which allows for the manifestation of frank diabetes, cancer, arteriosclerosis and 
cataracts.  The areas with the smallest vessels are affected first.  All diabetics suffer 
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from poor circulation.  Normally, the lens of the eye contains very little oxygen.  
Diabetics get even less O2 to the eye and thus, less EMODs and more cataracts
Vision fails. Strokes occur.  Kidneys fail. Cardiovascular disease becomes evident.  
Numbness and tingling occurs in the lower extremities and is followed by eventual 
amputation of toes, feet or lower limbs.  Diabetes is a slow, progressive disease of 
decreasing oxygen levels, with consequent decreasing levels 

.  

of EMODs, which is 
ssociated with increasing “allowance” or manifestation of certain diseases. 

 

. 

 that the course, which results in the development, begins with decreased 
irculation, decreased O2 delivery to the tissues and cells, decreased production of 

erosis, cataracts, 
dia e
 
5.9
 
Typ mmon 
form begins when it takes higher and 
hig  

resistance” continues undetected for years, until the pancreas can no longer keep up 
eas 

0-50% of new diagnoses among children ages 9-19.”  
dult –onset diabetes has increased between 600% and 1000% in the last 60 years and is 

 
0 

er limb 

a
 
Diabetes is believed to damage the microcirculation’s capillaries and thicken the 
basement membrane and thus, decreases the vessels ability to carry blood and oxygen to 
the tissues.  This results in increased risks of infection and decreased healing capability.  I
believe that this is a cardinal feature of diabetes, which relates to decreased O2 being 
delivered to the tissue, decreased O2 intracellularly and decreased levels of EMODs
 
I believe
c
EMODs and manifestation of various diseases, such as arterioscl

bet s, obesity, cancer, etc. 

.3 Type II Diabetes 

e II, adult-onset diabetes or non-insulin dependent diabetes is the most co
 of diabetes and affects 90-95% of all diabetics.  It 

her amounts of insulin for the cells to open up and let blood sugar inside.  This
“
with demand.  A study suggests that before Type II diabetes is diagnosed, the pancr
has lost its ability to properly control post-meal blood sugar levels for over 8 years 
and insulin resistance has been present for up to 12 years.   
 
According to Gerald Bernstein, Endocrinologist and past president of the American 
Diabetes Association, “Twenty years ago, only 2% of children diagnosed with diabetes 
had Type II.  Today it accounts for 3
A
currently increasing at a rate of 6%/year and is expected to accelerate.  From 1990 to
1998, Dr. Emily Senay of CBS News stated that Type II diabetes increased 70% in 3
year olds.  This disease now accounts for one out of every 10 health care dollars 
spent.  
 
According to the American Diabetic Foundation, diabetes is now:    

1. the leading cause of blindness in people age 20-74 
2. the leading cause of kidney failure 
3. the leading cause of amputation of the low
4. responsible for 50-60% of the impotence problems in males over age 50 
5. responsible for severe nerve damage in 60%-70% of all diabetics 
6. the major cause of stroke in the United States 
7. known to increase the risk of heart disease by 2-4 times over normal 
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Even hile taking anti-diaw betic medications, the chain of events will happen and 

roduce a progressive decline that appears to be unpreventable with medications such 
 

ly 

s 
e do not 

ourse 

at, 

re 

ycin C, 
y

 

p
as glucophage and sulfonylureas (Diabenese).  Sulfonylureas can cause hypoglycemia,
lead to heart disease and cause lactic acid build up.  Metformin can lead to digestive 
problems, injure the kidneys and liver and cause lactic acid build up.  Rezulin has been 
pulled from the market and 4% of the 1 million patients who had taken it, will like
develop significant liver damage.  
 
It is said that with all diabetes drugs, there is no proof that they reduce 
the complications of diabetes or prolongs life span.  Acarbose has been 
linked to cancerous kidney tumors in rats.  I point out to you that diabetes progresses 
and continues to produce its complications, even while currently accepted method
of treatment are being administered.  I believe that this is because w
presently understand the true mechanism of diabetes causation and our medications 
are aimed at the incorrect biochemical site, to effectuate the desired clinical c
and stoppage of diabetes progression. 
 
The only way to get sugar out of the blood and into the tissues without insulin is 
during exercise.  Exercise provides four benefits.  It increases lean body tissue, burns f
increases the sensitivity of insulin and raises the metabolic rate. I believe that a fifth 
benefit of exercise is the increased levels of EMODs. 
 
5.9.4 “French Paradox” 
 
The “French Paradox” describes the fact that even though the French have a high fat 
diet, they live longer, live healthier, and have significantly less heart problems and other 
diseases associated with dietary excess and aging than Americans.  They eat 4 times mo
butter, 3 times more cheese and 2 times more animal fat than Americans.  Again, this 
indicates a lack of understanding of diabetes causation. 
 
A high fat diet (an atherogenic diet) can decrease macrophages responsiveness to 
stimulatory agents, including tumor cell lysis, and decrease their ability to generate 
EMODs production.  According to this, based on the Free Radi-Crap theory, a high fat 
diet should be a good thing, but apparently, it is not.  Once again, it illustrates the fact 
that, when it comes to diets and nutrition, we are still in the dark ages. 
 
On the other hand, chemotherapeutic agents, such as adriamycin, mitocm
bleom cin, etc. augment free radical production and lipid peroxidation in vitro. 
 
Polyphenolic compounds, such as resveratrol, are naturally present at high 
concentration in grape skin, seeds, and red wine. Resveratrol is present in cis and trans 
isoforms and the major trans isomer is the biologically active one. Epidemiologic 
studies have revealed a reduced incidence of cardiovascular risk associated with 
consumers of red wine; this has been popularized as the French paradox. Resveratrol 
has been shown to have significant antioxidant properties in a variety of in vitro and in
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vivo models. It can reduce ischemic damage in heart ischemia reperfusion injury and al
in brain ischemia/reperfusion in rodent models. Due to the high rate of oxygen 
consumption in the brain, and especially low levels of antioxidant defense enzymes, 
this organ is particularly susceptible of free radical damage. Most of the protecti
biological actions associated with resveratrol have been associated with its intrinsic 
radical scavenger properties. It is well established that after stroke, significant levels o
intracellular heme levels increase. The source of free heme comes mainly from several 
heme-containing enzymes. Heme (iron-protoporphyrin IX) is a pro-oxidant and its 
rapid degradation by heme oxygenase is believed to be protective. Moreover, the 
generation of heme metabolites can also have their own intrinsic cellu

so 

ve 

f 

lar properties. All 
gether, increased heme oxygenase activity by resveratrol is a unique pathway by which 

C, 

sion. A small 
umber of studies have investigated whether there is a link between neutrophil activation 

these 

g 
t 

imulated 
 vitro, whereas vitamin E reduces tissue infiltration of neutrophils during exercise. Free 

ercise may lead to DNA damage in leukocytes, but it 
 unknown if this damage is the result of neutrophil activation.  

ulus 
nd 

t 

ear up the associated damaged and cellular debris (detoxification).  The 
creased EMODs also have the salutary effect of maintaining the redox status of 

tions.  Thus, even in the 
ence of the alleged damaging EMODs, exercise is good for us.   

Dr. Leeuwenburgh in an abstract on Aging, Oxidative Stress and Apoptosis from 

to
this compound can exert its neuroprotective actions (Zhuang H, Kim YS, Koehler R
Dore S. Potential mechanism by which resveratrol, a red wine constituent, protects 
neurons. Ann N Y Acad Sci. 2003 May;993:276-86; discussion 287-8). 
 
5.9.5 Antioxidant Supplements and Exercise-Induced Oxidative Stress 
 
Neutrophils produce free radicals known as reactive oxygen species (EMODs), which 
assist in the clearance of damaged host tissue. Tissue damage may occur during 
exercise due to muscle damage, thermal stress and ischemia/reperfu
n
and oxidative stress during exercise. Peake et al. have summarised the findings of 
studies. Exercise promotes the release of neutrophils into the circulation and some 
evidence suggests that neutrophils mobilized after exercises have an enhanced capacity to 
generate some forms of EMODs when stimulated in vitro. Neutrophil activation durin
exercise may challenge endogenous antioxidant defense mechanisms, but does no
appear to increase lipid markers of oxidative stress to any significant degree, at least 
in the circulation. Antioxidant supplements such as N-acetylcysteine are effective at 
attenuating increases in the capacity of neutrophils to generate EMODs when st
in
radicals generated during intense ex
is
 
Exercise enhances the expression of inducible heme (heme)-oxygenase (HO-1) in 
neutrophils after exercise; however, it is uncertain whether oxidative stress is the stim
for this response (Peake J, Suzuki K.  Neutrophil activation, antioxidant supplements a
exercise-induced oxidative stress.  Exerc Immunol Rev. 2004;10:129-41).  I believe tha
exercise clearly increases EMODs production and that the activated neutrophils 
help to cl
in
the body and performing its prooxidant protective func
pres
 

Biochemistry of Aging Laboratory, Gainesville, demonstrates that the level of protein 
oxidation dramatically increases in mitochondria isolated from animals subjected to 
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an acute bout of exercise. This provides the first direct evidence that protein oxidation 
takes place in the mitochondria of exercised animals, and it strongly supports the 
hypothesis that exercise is a physiologically relevant source of oxidative stress.  Yet, I
observe that it is good for our overall health and well being.  Further, I believe th
it is because of the increased levels of EMODs that it has a salutary effect. 
 
5.9.6 Quercetin (Antioxidant)  
 
Alternative practitioners have recommended the use of the antioxidant, quercetin, to 
treat diabetes because it has been said that it is a disease resulting from

 
at 

 oxidative 
stress.  In studies on HL-60 cells, quercetin exacerbated membrane damage and 

S. and 
n 

-Crap 
uoma 

. 
 

umerous nonessential compounds that possess antioxidant 

 

s free radical scavengers and metal chelators (Decker EA: 

le is 

failed to enhance the viability of menandione-challenged cells (Bestwick, C.
Milne, L.  Quercetin modifies reactive oxygen levels but exerts only partial protectio
against oxidative stress within HL-60 cells. Biochim Biophys Acta. 2001 Sep 3; 1528(1): 
49-59).   
 
6.0 14.4.1   Additional Antioxidant Confusion 
      
6.0.1 Dietary Antioxidant Supplementation with Cereals 
 
While the human body contains several endogenous antioxidant systems, an important 
niche in maintaining the oxidative/antioxidative balance (according to the Free Radi
theory) is filled by dietary antioxidants (Halliwell B, Murcia MA, Chirico S, Ar
OI: Free radicals and antioxidants in foods and in vivo: What they do and how they work
Crit Rev Food Sci Nutr 35: 7–20, 1995). Essential nutrients that impact the oxidative
stability of tissues include selenium, ß-carotene and vitamins C and E. However, 
foods also contain n
activity and therefore may help increase the antioxidant defense system of humans, a 
circumstance which, in turn, would allegedly be beneficial to health.  Oxidative damage 
to tissues is modulated by many factors including substrate composition (e.g., fatty acid), 
oxygen, prooxidants (e.g., reactive oxygen and nitrogen species, transition metals, 
heme-containing proteins and enzymes) and antioxidant concentrations. 
 
Whole grains, including wheat, contain several compounds that are capable of 
minimizing the damaging effects of oxidation reactions, such as phytate, proteins, 
polysaccharides, phenolics, lignans and tocopherols.  Potential high molecular weight 
antioxidants in wheat include polysaccharides and proteins. Xanthan and gum Arabic 
are examples of polysaccharides that display antioxidant activity, although the 
mechanism of their activity is not well understood. Cereal flours contain polysaccharides 
that inhibit lipoxygenase-catalyzed oxidation of linoleic acid in an emulsions model. The 
ability of cereal flour suspensions to inhibit lipoxygenase has been proposed to be due 
to physical interaction between the lipid material, enzyme and/or polysaccharide, with 
soluble fiber showing the greatest inhibitory activity. Proteins can also inhibit lipid 
oxidation by acting a
Antioxidant mechanisms. In Akoh CC, Min DB (eds): "Food Lipids: Chemistry, 
Nutrition, and Biotechnology." New York: Marcel Dekker, pp 397–421, 1998). Litt

Page 408 of 931 



known about the antioxidant potential of wheat proteins. However, since these p
contain reduced

roteins 
al 

 
e and 

tate (Sigma Chemical 
Co., St. Louis, MO) at concentrations equivalent to those found in the whole grain and 

 
nable to 

rong 

t 

nal plants. Wheat contains 
numerous phenolic compounds with ferulic, p-coumaric and vanillic acids 

, 

e 
te 

 

idant 
ness 

maric acid.

ereal 
the phosphatidylcholine liposome system, inhibition of lipid oxidation was 

bserved with 74 µg of phenolics (<0.2% of the soluble phenolics in a singe serving) 

e more effective 
ntioxidants than their free acid counterparts indicating that their potential as dietary 

utin and naringin are not absorbed into the 
blood until they are hydrolyzed from their sugar counterparts, processes which can be 

 sulfhydryl groups, they would be expected to possess some free radic
scavenging activity. 

Among the low molecular weight compounds in breakfast cereal extracts, phytat
phenolics are the most likely to be important dietary antioxidants. Phytic acid can 
protect tissues against oxidative reactions through its ability to sequester and inactivate 

prooxidative transition metals (Graf E, Eaton JW: Antioxidant functions of phytic acid. 
Free Rad Biol Med 8: 61–69, 1990) Phytate concentrations in whole grain and high fiber 
breakfast cereals are 0.14 and 0.86%, respectively.  Purified phy

 

high fiber cereal extracts were not high enough to inhibit iron-catalyzed lipid oxidation 
in the phosphatidylcholine liposomes model system. In addition, it is likely that most of 
the endogenous phytate in the breakfast cereals and their extracts would be associated
with minerals such as iron and calcium, thus making the endogenous phytate u
chelate additional prooxidative metals in the phosphatidylcholine liposome model or 
in vivo. This, in combination with the observation that the cereal extracts exhibited st
antioxidant activity against nonmetallic lipid oxidation catalyst such as peroxyl radicals, 
suggests that phytate from wheat-based breakfast cereals would not be an importan
dietary antioxidant. 

Numerous studies have evaluated the antioxidant activity of phenolics from fruits, 
vegetables, soybeans, herbs, teas, wines and medici

 

predominating. In wheat, these phenolics exist in several distinctly different forms
including free acids, acid esters, sugar esters and polysaccharides esters. 

Phenolics inhibit lipid oxidation by scavenging free radicals resulting in th
formation of a low energy phenolic radical whose energy is insufficient to promo
lipid oxidation at biologically significant rates. Soluble phenolics extracted from durum
wheat bran extracts are effective antioxidants in dispersed soybean oil. When antiox
activity is compared at the free phenolic acid concentrations found in wheat, effective
is in the order of ferulic acid > vanillic acid > p-cou   

When the antioxidant activity of the isolated phenolics from whole grain breakfast c
were tested in  

o
inhibiting lipid oxidation over 90%.  Esterified phenolics wer

 a
antioxidants should be further evaluated.  Modification of phenolics in ready-to-eat 
breakfast cereals by the digestive process could result in changes in both bioavailability 

and antioxidant activity. Phenolics such as r  

 

catalyzed by enzymes originating from intestinal microbes. Ferulic acid is released from 
wheat bran by microbial-dependent enzymic hydrolysis. In humans, over 95% of the 
enzymic release of ferulic acid occurs in the colon. 
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Whole wheat- and wheat bran-based ready-to-eat breakfast cereals contain several 
compounds that could be important dietary antioxidants. Of these compounds, free and 
esterified phenolic acids seem to have the greatest potential to be beneficial to health. 
Phenolics   from breakfast cereals possess strong antioxidant activity in vitro at 
concentrations that would be obtained from a normal serving of whole wheat-based 

 

 

f 
ndent 

iety 
 

e 
pment 

 
17, no. 3, 

ence, it is possible that CVD risk factors that increase oxidative stress (e.g., 
 is 

ercise on atherosclerotic lesion 

 

nt 
lar 

load and 
increased SOD2 (which would increase H2O2 production) and adenine nucleotide 

cereal. Gastrointestinal pH conditions caused a dramatic increase in antioxidant activity
for the high bran and whole grain cereal aqueous extracts and their LMW fractions 
suggesting that acid conditions caused alterations in the activity, composition and/or 
concentration of water-soluble LMW antioxidants. 
 
These factors suggest that wheat-based foods could contain important dietary 
antioxidants. 

6.0.2 14.4  Oxidative Stress, Diabetes and Exercise 
 
I believe that we should consider exercise to be a medicine and that each episode o
exercise is equivalent to a substantial dose of EMODs, the size of which is depe
upon the amount of exercise performed. 
 
Routine exercise is widely recognized as cardioprotective. Exercise induces a var
of effects within the cardiovasculature, including decreased mitochondrial damage and
improved aerobic capacity. It has been generally thought that the transient increase in 

oxidative stress associated with exercise initiates cardioprotective processes.  In a 
somewhat “paradox”, increased oxidative stress associated with cardiovascular diseas
(CVD) risk factors is thought to play an important role in the promotion and develo
of CVD.  

Oxidative damage may be involved in Type 1 and Type 2 diabetes mellitus as well as 
deficits in antioxidant defence enzymes and vitamins. Hyperglycaemia can increase 
oxidative stress, and change the redox potential of glutathione. It is argued by these 
authors that oxygen, antioxidant defenses, and cellular redox status should now be 
regarded as central players in diabetes and the metabolic syndrome (West I.C.
Radicals and oxidative stress in diabetes. Diabetic Medicine, March 2000, vol. 
pp. 171-180(10).  I disagree. 

H
hypercholesterolemia) may modulate the cardioprotective effects of exercise. In th
regard, the interaction between CVD risk factors and ex
development and basal oxidant load is less defined. To determine the influence of 
preexistent hypercholesterolemia on cardioprotective effects of exercise, atherosclerotic 
lesion formation, oxidant load, mitochondrial damage, protein nitration (3-nitrotyrosine 

levels), and mitochondrial enzyme activities were determined in aortic tissues from 
normocholesterolemic (C57 control) and hypercholesterolemic [apoliprotein E-deficie
(apoE–/–)] mice after 16 wk of regular exercise. In normocholesterolemic mice, regu
exercise was associated with decreased mitochondrial damage and oxidant 
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translocator activities. Exercise did not decrease endogenous oxidant load and 
mitochondrial damage in hypercholesterolemic mice and did not reduce 
atherosclerotic lesion development. I believe that the increase in SOD indicates the 
increased synthesis of H2O2.  These data are consistent with the notion that CVD risk 

 

his is, in part, 
accomplished through the activity of SOD and H2O2 production. 

It remains unknown whether increased free-radical production is an unwanted 

1995;27(7):1022-1032). However, I am a firm believer that the increased EMOD 
roduction secondary to exercise is especially good for our overall health. 

Resistance exercise may also increase free-radical production (McBride JM, Kraemer 
WJ, Triplett-McBride T, et al: The effect of resistance exercise on free radical 
production. Med Sci Sports Exerc 1998;30(1):67-72).  

Three main potential pathways exist for increased free-radical generation with exercise. 
Oxygen consumption increases up to 20 times greater with exercise than the resting 

Although both enzymes share the primary function of reducing hydrogen peroxide, 
n 

 
s to alcohol. Thus, GPx plays an 

important role in inhibiting lipid peroxidation and preventing damage to DNA and RNA. 

 

 

factors associated with increased oxidative stress can alter the benefits of exercise and 
that mitochondrial damage appears to be correlated with the cardiovascular effects 
of exercise (CG Young, CA Knight, KC Vickers, D Westbrook, NR Madamanchi, MS
Runge, H Ischiropoulos, and SW Ballinger. Am J Physiol Heart Circ Physiol 288: 
H1683-H1689, 2005).  I believe that exercise increases oxidant load, which 
correspondingly offers prooxidant protection to the vasculature. T

 

6.0.3 Free Radical Generation in Exercise  

consequence of exercise that promotes further inflammation and tissue damage, or if the 
body regulates oxidant production to control inflammation and repair (Tidball JG: 
Inflammatory cell response to acute muscle injury. Med Sci Sports Exerc 

p

level, resulting in an elevated flow of oxygen through the mitochondrial electron-
transport chain. Superoxide radical from this pathway can be reduced to hydrogen 
peroxide by mitochondrial SOD. Cytosolic SOD is also available to perform this 
function. Hydrogen peroxide can then be reduced by CAT and GPx.  

their substrate specificity and cellular location are different. CAT is found primarily i
peroxisomes, organelles involved in non-mitochondrial oxidation of fatty acids and 
amino acids, and they generate hydrogen peroxide.  

GPx, a mitochondrial enzyme, uses glutathione, a low-molecular-weight thiol, to reduce
hydrogen peroxide to water and organic peroxide
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6 nd
spectively 

I er at the 3 big antioxidant e
nd GPx, generate H2O2, O2 and organic peroxides, respectively.  Thus, I ask, “Does 

that sound like ANTI-oxidants?” I believe that an argument could be made that they 
ditions favorable for oxidation or they are acting as “co-

oxidants.” 

A second pathway is in organs, such as the liver, kidneys, and guts that experience a 
h lood-flow redistribution to the working muscles. This relative 
i  the splanchnic region may tri thine 
oxidase, a membrane-bound enzyme that produces both superoxide and hydrogen 

.0.4 SOD, CAT a
Re

 find it extremely int

 GPx, Generate H2O2, O2 a

esting th

nd Organic Alcohols, 

nzymes, i.e., SOD, CAT 
a

are producing con

ypoxic environment with b
schemia-reperfusion of gger activation of xan

peroxide. Finally, neutrophil and macrophage involvement in inflammation and repair 
may be a potent source of free-radical production.  

 Enzyme Responses to Acute and Chronic Exercise 

Acute Exercise  

Enzyme Location Response 

Superoxide dismutase 
Catalase 
Glutathione peroxidase 
   (selenium dependent) 
Glutathione reductase 

Heart, liver, lungs, skeletal muscle 
Heart, liver, skeletal muscle 
Heart, platelets 
 
Muscle 

Studies show no consensus 
Most studies reveal increased activity 
Most studies reveal increased activity 
 
Studies show no consensus 

 

Chronic Exercise  

Enzyme Response 

Superoxide dismutase 
   (manganese dependent) 
Catalase 
Glutathione peroxidase 
   (selenium dependent) 

Increased activity 
 
No significant change 
Increased activity 
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6.0.5 Physical Activity Increases EMOD Production 

Physical activity has been suggested to increase the production of oxygen free 
radicals, which may consume antioxidants and oxidize LDL (Riebe, D., Greene, G. 
W., Ruggiero, L. et al. (2003) Evaluation of a healthy-lifestyle approach to weight 
management. Prev. Med. 36, 45–54). HDL is the principal vehicle for lipid 
hydroperoxides and has a beneficial function in the hepatic clearance of circulating 
oxidized lipids (Bowry, W. W., Stanley, K. K. and Stocker, R. (1992) High density 
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lipoprotein is the major carrier of lipid hydroperoxides in human blood plasma from 
fasting donors. Proc. Natl. Acad. Sci. U.S.A. 89, 10316–10320).  

These indicate that an imbalance between free radical production and antioxidants lead t
oxidation of LDL and subsequent alterations in HDL metabolism. Ascorbate i

o 
s a strong 

determinant of plasma antioxidant capacity and serum lipid resistance to oxidation 
he 

acity and serum lipid resistance to 
xidation in Finnish men. Atherosclerosis 130, 223–233), which can explain the desirable 

change in serum lipids, resulting in increased HDL-C and decreased LDL-C levels in the 
scorbate group. Our present results could also be explained by the effect of ascorbate on 

ivity. 

 
) 

 

 

 

pacity 

o me, it is obvious that exercise increases O  consumption, mitochondrial O  

ging is directly associated with an increase in overall disease occurrence, which I 
e 

tarts around 
ge 30, continues throughout our life, and reaches a plateau between ages 60 and 70.  

uch as emphysema, suffer a more significant decline.  Cardiovascular function 
d 
 

e 
 with caloric 

(Kristiina, N., Elina, P. S., Jari, K. and Jukka, T. S. (1997) Ascorbate and urate are t
strongest determinants of plasma antioxidative cap
o

a
insulin sensitivity and subsequent influence on skeletal muscle lipoprotein lipase act

Urate is also an important low-molecular-mass antioxidant in plasma and protects serum
lipids from oxidation (Ames, B. N., Cathcart, R., Schwiers, E. and Hochstein, P. (1981
Uric acid provides an antioxidant defense in humans against oxidant- and radical-caused
aging and cancer: a hypothesis. Proc. Natl. Acad. Sci. U.S.A. 78, 6858–6862). Elevated 
plasma urate levels are commonly observed in physically active people (Brites, F. D.,
Evelson, P. A., Christiansen, M. G. et al. (1999) Soccer players under regular training 
show oxidative stress but an improved plasma antioxidant status. Clin. Sci. 96, 381–385). 

Ascorbate and urate are the strongest determinants of plasma antioxidative ca
and compensate or interact each other, which could be a possible explanation for 
increased serum urate levels in the placebo group and decreased (although not 
statistically significant) levels in the ascorbate group. These plasma urate changes may 
also be due to the effect of exercise and ascorbate on renal excretion of urate. 

T 2 2
metabolism and increases EMOD production. 
 
6.0.6 Aging Deficiencies 
 
A
believe is related to an overall decrease in oxygen metabolism.  William E. Roundtre
writes in the Hughston Health Alert, that a decline in our physical abilities s
a
After the plateau, a slower decline follows.  Maximum breathing capacity decreases 
approximately 40% during this period and individuals with chronic lung diseases, 
s
declines approximately one half of one percent each year starting around age 30 an
it is no coincidence that world-class and endurance athletes begin gradually leaving their
sport after this age.  There is a 40-50% decline in muscle mass and a similar decline 
in bone mass, along with a simultaneous increase in body fat in both men and 
women.  The metabolic rate also declines with age and is primarily affected by 
muscle mass.  Periods of extreme starvation can produce as much as a 45% decline in th
metabolic system and is believed to be the reason for increased life span
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restriction.  Sadly, there is no corresponding decline in the appetite with aging.  In fact, 
after 25 years of age, we tend to gain one pound per year as we age.   
 
These decreases in the breathing capacity and the cardiovascular function, fit well with 
my Unified theory, and could well explain the increased incidence of diseases associated 

ith aging as it relates to decreased levels of oxygen intake and utilization and thus 

 
en banned.   

 

 

002;288(14):1723-1727) (Ogden, C.L., Flegal, K.M., Carroll, M.D., et al:  Prevalence 

002;288(14):1728-1732).  I believe that the fats accumulated in young obese patients 
erve as a trap for EMODs and this “allows” for the development of diabetes and 

e 

07) 

l activity and cardiovascular health.  JAMA 1996; 276(3):241-246). 

 
s 

t 
xygen consumption, which 

as the associated noted salutary effects and not the additional caloric expenditure. 

hysical inactivity is thought to be the major cause of obesity in the United States. 

w
allows for diseases to occur or to manifest themselves. 
 
Further, I believe that the increased stores of body fat (obesity) serve as a “sink” for 
EMODs and thereby decrease their availability to fight diseases and aging. 
 
Blood doping is a well known method to increase the oxygen carrying capacity of the
blood and has proven to be so successful for endurance athletes that it has be
 
Physical activity has a major role in reducing the risk for cardiovascular diseases,
including coronary artery disease, stroke, hypertension, obesity and diabetes.  The 
prevalence of obesity in the United States has increased dramatically in the past 20 years,
especially in Mexican American men and women and black women, and diabetes is 
increasing at alarming rates.  Type 2 diabetes is beginning to appear in children and 
adolescents, just as is arteriosclerosis (Flegal, K.M., Carroll M.D., Ogden, C.L., et al:  
Prevalence and trends in obesity among US adults, 1999-2000.  JAMA 
2
and trends in overweight among US children and adolescents, 1999-2000.  JAMA 
2
s
atherosclerosis. 
 
Risk reduction for chronic degenerative diseases can occur with low levels of exercis
as was made clear in consensus statements published by the Centers for Disease Control 
and Prevention and the ACSM (Pate, R.R., Pratt, M., Blair, S.N., et al:  Physical activity 
and public health:  a recommendation from the Centers for Disease Control and 
Prevention and the American College of Sports Medicine.  JAMA 1995;273(5):402-4
(Physical activity and cardiovascular health. NIH Consensus Development Panel on 
physica
 
It has often been stated that physical activity has only a limited influence on changing 
body composition, and that even exercise of a vigorous nature results in the expenditure 
of too few calories to lead to substantial reductions in body fat.  What was once referred
to as “oxygen debt” is now called post-exercise oxygen consumption (EPOC) and it i
felt to be responsible for additional caloric expenditure following exercise.  I believe tha
the important aspect of this observation is the increased o
h
 
P
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6.0.7 Exercise and Breast Cancer 
 
Evidence from both animal and human studies indicates that exercise may reduce the 
risk of breast cancer.  Among eleven human studies that took into account many 
the established risk factors for breast cancer, eight reported a decrease in the ris
breast cancer in pre-menopausal, post-menopausal or all women with high levels of 

of 
k of 

ho 
 

In 

.  

g dithiolthiones, isothiocynanates, indole-3-carbinol, flavonols, lignans, etc.  
ia getable and fruit intake and breast cancer risk have been the 

r of case-control studies and a limited number of cohort studies.      

k 

om this largest pooled data analysis to date, found no large 

unts for their healthful effects, is when they have misinterpreted 

physical activity compared to women with low levels of activity (Cornell University 
Program on Breast Cancer and Environmental risk Factors.  January 1999, Fact Sheet 
#19).   
 
According to several large studies of occupational (work-related) activity, women w
reported a high level of physical at work had an 18% to 52% reduction in their risk of
developing breast cancer compared to women with low levels of activity at work.  
studies of recreational activity, women who exercised during their leisure time were 
reported to have a 12% to 60% reduction in their risk of developing breast cancer
However, there is some inconsistency in all of these studies. 
 
6.1 16  Antioxidants and Cancer 
 
6.1.1 16.1  Antioxidant Intake and Cancer Risk 
 
It is believed that diets high in vegetables and fruit intake protect against cancer.  Many 
vegetables and fruits are high in candidate protective substances, such as fiber, 
antioxidant vitamins and minerals, and other potentially anticarcinogenic compounds 
includin
Assoc tions between ve
subject of a large numbe
Previous studies found a 25% lower breast cancer risk for high versus low consumption 
of vegetables and a 6% lower risk for high vs. low consumption of fruits (Gandini, S, 
Merzenich, H., Robertson, C and Boyle, P.  Meta-analysis of studies on breast cancer ris
and diet: the role of fruit and vegetable consumption and the intake of associated 
micronutrients.  Eur J Cancer. 2000; 36:636-646).  A prospective study of 285,526 
women between the ages of 25 and 70 years, found that the total or specific vegetable 
or fruit intake is not associated with risk for breast cancer (van Gils, C.H. et al. 
consumption of vegetable and fruits and risk of breast cancer. JAMA Jan, 12, 2005. Vol. 
293, No. 2).  The data fr
protective effects for vegetable or fruit intake in relation to breast cancer.  Once 
again, the Free Radi-Crap theory, with all of its talk about antioxidants in fresh 
fruits and vegetables, fails.  However, I believe that a diet of fresh fruits and vegetables 
is a prudent diet and appeals to common sense and agrees with a preponderance of the 
literature.  When researchers surmise that it is only the antioxidant content of fruits and 
vegetables, which acco
the data, because fresh fruits and vegetables contain tens or hundreds of thousands of 
possible beneficial compounds, other than antioxidants.  To attribute the healthful 
nature of fresh fruits and vegetables to only a handful of antioxidant compounds is naive, 
at best. 
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6.1.2 16.2  Vitamin E 

n article appearing in the JAMA, March 2005 edition shows that vitamin E is not the 

that taking 400 IUs of vitamin E each day did nothing to prevent heart attacks in a 
roup of nearly 10,000 patients with cardiovascular disease or diabetes.  This news came 

in 
ars ago, 

, 

ts, such 

th diabetes, part of the Iowa Women’s Health Study, which 
te bout diets and vitamin C consumption in nearly 35,000 recruits.  

 of 

’s 

ease, 

 
A
miracle cure it was once touted to be.  A double-blind placebo-controlled trial, found 

g
on the heels of the Women’s Health Study finding earlier this same month that vitam
E confers no cardiac benefit on healthy women age 45 or older.  Just a few ye
vitamin E was ballyhooed as the cure for nearly everything from heart disease, to cancer, 
to dementia and aging. 
 
Alpha-tocopherol is the most abundant lipid-soluble antioxidant in LDL.  It is 
increasingly clear that α-TOH has activities that are unrelated to the LDL oxidation, 
including the inhibition of both protein kinase C and proliferation of smooth muscle 
cell, and platelet aggregation.  Also, α-TOH has been reported to inhibit the expression 
of the CD36 receptor. 
 
All of this hype was based on the Free Radi-Crap theory of oxidative stress and 
aging, but scientists have not been able to substantiate hardly any of its wondrous 
antioxidant vitamin E claims.  I will say it one more time because it needs to be said
“The Free Radi-Crap theory is wrong.” 
 
6.1.3 16.4  Vitamin C 
 
6.1.4 Iowa Women’s Health Study (35,000 Patients) Increased Mortality of Stroke 

and CVD 
 
The party line of the oxy-morons is that uncontrolled blood glucose can promote the 
production of unhealthy oxidation reactions and foster many diseases, including 
arteriosclerosis.  Hence, they believed that supplementing the diet with antioxidan
as vitamin C, would benefit diabetics.  A study by Jacobs et al in the Nov. 2004 issue of 
American Journal of Clinical Nutrition, found that such supplements may actually 

romote the clogging of arteries.  They evaluated cardiovascular disease in 1,923 post-p
menopausal women wi
ollec d data in 1986 ac

The researchers found that women with diabetes consuming at least 300 milligrams
vitamin C per day faced 2.3 times the risk of death from stroke and 2 times the risk 
of dying from coronary artery disease as did diabetic women who took in less of the 
vitamin C.  Such high doses are hard to achieve without taking vitamin pills but is not 
very high for those who normally take vitamin C.  Similar assessments for the study
32,500 other participants, none of whom started the trial with diabetes, showed no link 
between heart disease and high intakes of vitamin C.  I believe that this corroborates 
my theory that small amounts of antioxidants in healthy people are compensated for 
by the body’s homeostatic defenses and it is only in conditions of dis

munosuppression or being run-down, that supplemental vitamins and antioxidant im
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supplements can be harmful.  Jacobs believes that many antioxidants in high 

d 

mulated glutathione peroxidase, which acted to remove 

3 
; 

 
 

  

e 

doses can increase oxidation rather than reduce it and he believes that is 
what is happening here (Science News Jan.12, 2005, Vol. 167, pg.12).  Most 
importantly, their conclusion was that a high vitamin C intake from supplements is 
associated with an increased risk of cardiovascular disease mortality in 
postmenopausal women with diabetes (Lee, D.H., Folsom, A.R., Harmack, L., 
Halliwell, B and Jacobs, D. R. Jr.  Does supplemental vitamin C increase cardiovascular 
disease risk in women with diabetes? Am J Clin Nutr. 2004 Nov;80(5):1194-1200).   
 
6.1.5 16.5  Selenium 
 
In 1996, with studies at the University of Arizona, researchers showed that men who 
received selenium, which was being evaluated for its skin cancer-fighting properties, ha
a 63% lower rate of prostate cancer that men who received placebos.  The selenium 
group also had a much lower incidence of colorectal and lung cancers.  Doctors 
believed that selenium sti
damaging free radicals of oxygen.  I believe that they may have over looked the fact 
that selenium is a strong oxidizing agent itself and I believe that this was the reason 
for the reduction in the observed cancer rates. 
Selenium is a trace element found in meat, fish, grains and some nuts.  
 
6.1.6 17.3  Vitamin C (Ascorbic Acid) 
 
Over the past three decades, extensive efforts were made to treat cancer.  However, as 
recent statistics show, the incidence of and the mortality from cancer have in general 
not diminished but have instead increased (Jenal, A., Thomas, A., Murray, T. and 
Thun, M.  Cancer statistics 2002.  CA Cancer J Clin  2002; 52: 23-47) (Howe, H.L., 
Wingo, P.A., Thun, M.J., et al.,  Annual report to the nation on the status of cancer (197
through 1988), featuring cancers with recent increasing trends.  J Natl Cancer Inst  2001
93: 824-842).   
 
Vitamin C is considered to be one of the most prevalent antioxidative components of
fruit and vegetables, and it could exert chemopreventive effects without apparent toxicity
at does higher than the current recommended dietary allowance of 60 mg/d (World 
Cancer Research Fund/American Institute for Cancer Research.  Food research and the 
prevention of cancer:  a global perspective.  Washington, DC:  American Institute for 
Cancer Research, 1997). 
 
On the basis of an increased number of modified DNA bases in lymphocytes, Podmore, 
et al, (Podmore, I.D., Griffiths, H.R., Herbet, K.E., Mistry, N., Mistry, P. and Lunec, J.
Vitamin C exhibits pro-oxidant properties.  Nature  1998; 392: 559 letter) claimed that 
dietary supplementation with vitamin C at 500 mg/d exerts prooxidant and 
mutagenic effects in humans.  However, the relevance of oxidative DNA base 
modification as a biomarker of carcinogenesis is being questioned because of a frequent 
artifact in measuring 8-oxo-deoxyguanosine concentrations in DNA (Halliwell, B.  Why 
and how should we measure oxidative DNA damage in nutritional studies?  How far hav
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we come?  Am J Clin Nutr  2000; 72: 1082-1087) (Halliwell, B.  Effect of diet on canc
development:  is oxidative DNA damage a biomarker?  Free Radic Biol Med  2002; 32
968-974).  Moreover, there is no consistency in actual 8-oxo-deoxyguanosine 
concentrations in human DNA.  Lutsenko, et al., (Lutsenko, E.A, Carcamo, J.M. and 
Golde, D.W.  Vitamin C prevents DNA mutation induced by oxidative stress.  J Biol 
Chem  2002; 277: 16895-16899), recently used a quantitative plasmid-based genetic 
system to show that vitamin C can prevent hydrogen peroxide-induced mutations in
human cells.  Those investigators suggested that high intracellular vitamin C 
concentrations could decrease the DNA mutations caused by oxidative stress in hum
 
Vitamin C can exert a prooxidant activity under certain conditions, partic
the presence of transition metal ions or alkali.   
 
Thus, vitamin C in vitro, reduces free ferric iron that generates hydrogen perox
Fenton reaction and results in the production of hydroxyl radicals.  Please remember 
that there is very little, if any, free iron normally present.  The reactive hydroxyl 
radical quickly reacts with critical cellular macromolecules, including DNA, which may 
lead to mutagenesis and the initiation of cancer.  However, the amounts of free 
transition metals in vivo

er 
: 

 

ans. 

ularly in 

ide in the 

 are very small because they efficiently bind to proteins.  
ther studies showed that the consumption of 500 mg supplemental vitamin C/d did not 

argan, M., Vojdani, E. and Wright, J.  New evidence for 
ntioxidant properties of vitamin C.  Cancer Detct Prev  2000; 24: 508-523).  Moreover, 

e 

heir 

 

 
via 

ic 

s types of 
 a 

O
result in significant oxidative DNA damage (Huang, H.Y., Helzlsouer, K.J. and Appel, 
I.J.  The effects of vitamin C and vitamin E on oxidative DNA damage; results from a 
randomized controlled trial.  Cancer Epidemiol Biomarkers Prev  2000; 9: 647-652).  
Even a 5000-mg intake of vitamin C was shown not to promote cancer or induce 
DNA damage (Vojdani, A., Baz
a
vitamin C was found to predominantly reduce oxidative damage in vivo even in the 
presence of iron (Carr, a. and Frei, B.  Does vitamin C act as a pro-oxidant under 
physiological conditions?  FASEB J 1999; 13: 1007-1024).  Although extensive oxidativ
stress can certainly cause oxidative damage, moderate amounts of reactive oxygen 
intermediates (EMODs) can serve as a second messenger in the intracellular 
signaling cascades.  Several antioxidant phytochemicals can induce phase II 
detoxification of antioxidant enzymes by triggering nuclear translocation of the 
transcription factors such as NF-E2 related factor 2 (Nrf2) or nuclear factor–KB and t
subsequent binding to antioxidant response element and KB binding element, 
respectively.  It is interesting to note that many of the inducers capable of activating
these transcription factors mimic prooxidants and electrophiles, although most of 
them are antioxidants by nature.  Therefore, it would be worthwhile to examine whether
vitamin C can induce the expression of phase II detoxification or antioxidant enzymes 
its prooxidant potential. 
 
In 1991, Henson et al., (Henson, D.E., Block, G. and Levine, M.  Ascorbic acid:  biolog
functions and relation to cancer.  J Natl Cancer Inst  1991; 83: 547-552),  analyzed 46 
epidemiologic studies on the protective effects of vitamin C against variou
cancers; 33 of these studies found a significant link between vitamin C intake and
reduced incidence of cancer.   
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A more recent analysis by Carr et al, showed that vitamin C acts as an antioxi
vivo.  Of the 44 published in vivo studies examined, 38 found a decrease in 

dant in 
the number 

of markers of oxidative damage to DNA, lipid, or protein, 14 showed no changes; and 
itamin C.  

is 
or if 

cancer (Vecchia, C.L., Altieri, A. and Tavani, a.  Vegetables, fruit, antioxidants 
nd cancer: a review of Italian studies.  Eur J Nutr  2001; 40: 261-267) (Henson, D.E., 

cer.  J 

y 
, 

ation or 
ants 

ansduction.  Again, investigators try to avoid acknowledgment of the 
eneficial effects of prooxidants and attribute benefits to antioxidants.   

here is considerable evidence that EMODs are somehow involved in chronic 
 Peto, R.  The causes of cancer:  quantitative 

estimates of avoidable risks of cancer in the United States today.  J Natl Cancer Inst 
 in 

65: 7180-
7188). 

 
 

oxide, a 
well-known tumor promoter, also inhibits GJIC (Upharm, B.L., Kang, K.S., Cho, 

 

only 6 reported an increase in oxidative damage after supplementation with v
These types of inconsistencies in the data make analysis extremely difficult.  It 
hard to know if and when vitamin C is acting as a prooxidant or an antioxidant 
its beneficial effects in some studies are attributable to it prooxidant activity of its 
antioxidant character.  However, the clinical trials based on high dose of dietary 
vitamin C supplement are not supportive, although epidemiologic and observational 
studies based on food intake provide evidence for a strong protective role of vitamin C 
against 
a
Block, G. and Levine, M.  Ascorbic acid:  biologic functions and relation to can
Natl Cancer Inst  1991; 83: 547-552). 
 
Besides the antioxidant activity, an intrinsic prooxidant potential of vitamin C ma
contribute to its chemo-preventive properties.  As described in the previous section
low or baseline oxidative stress appears to be essential for cellular signal 
transduction that leads to the induction or potentiation of some detoxific
antioxidant enzyme systems.  Antioxidant micronutrients may act as mild prooxid
to supply limited amounts of EMODs whenever needed for triggering the antioxidant 
signal tr
b
 
T
inflammation and cancer (Doll, R and

1981; 66: 1191-1308).  Vitamin C was also shown to inactivate nuclear factor-KB
endothelial cells during the inflammation process, independently of its antioxidant 
activity (Bowie, A.G. and O’Neill, L.A.J.  Vitamin C inhibits NF-KB activation by TNF 
via the activation of p38 mitogen-activated protein kinase.  J Immunol 2000; 1

 
Cell-to-cell communication through gap junction channels is essential for 
maintaining homeostatic balance through modulation of cell proliferation and
differentiation in multicellular organisms (Kumar, M.N. and Gilula, N.B.  The gap
junction communication channel.  Cell  1996; 84: 381-388).  Hydrogen per

H.Y. and Trosko, J.E.  Hydrogen peroxide inhibits gap junctional intercellular 
communication in glutathione sufficient but not glutathione deficient cells.  
Carcinogenesis  1997; 18: 37-42) (Lee, K.W., Lee, H.J., Surh, Y-J. and Lee, C.Y.  
Vitamin C and cancer chemoprevention:  reappraisal.  Am J Clin Nutr  2003; 78: 1074-
1078). 
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6.1.7 Possible Harm of Vitamin C 

A newly published study says the vitamin can also play a "dual role" and, at times, 
actually damages cells' genetic material. Investigators say their findings could help 
explain why high-dose vitamin C has so far failed as an experimental cancer therapy 
(Science June 15, 2001;292:2083-2086 and Washington Post June 14, 2001).  

The study showed that rancid fat molecules can react with vitamin C to form products 
that could potentially harm DNA, although the reaction of these products with DNA was 

n 

n C can promote DNA damage, but this new research 
demonstrates a different avenue the vitamin can take in doing harm.  The free radicals 

 
itamin C can also 

give rise to genotoxins by oxidizing these fats.  The popularity among health-conscious 
ze-

grams 

not demonstrated in the study.  Hence, it was suggested that vitamin C can form 
genotoxins (DNA-damaging agents) from lipid hydroperoxides, the implicatio
being that vitamin C may enhance mutagenesis and the risk of cancer. 

Previous research has shown vitami

that vitamin C normally combats can damage DNA directly or by converting certain fatty
acids into genotoxins. The researchers found that in the test tube, v

Americans for popping vitamin C pills was boosted by Linus Pauling, a Nobel-pri
winning chemist who advocated large doses of the vitamin. He routinely took 15 
daily and was 93 years old when he died in 1994.  

However, a nutrient expert at the institution named for Pauling, said such large doses of 
vitamin C have not been proven to be beneficial in clinical studies. The Linus Pauling 
Institute does not currently endorse megadoses or promote vitamin C in preventing 
a cold.  However, the Linus Pauling Institute had the following comment regarding the 

s 

describe biochemistry or biology, and its relevance to reactions occurring in 
f 

in 

I have emphasized this point over and over again.  In vitro studies are of extremely 

ivo 

e of rancid fats 
with these enzymes compared to the reaction rate of the rancid fats with vitamin C 
is of crucial importance and this was not measured in the Science study.  

dangers of vitamin C and the in vitro studies cited above in Science at Dr. Mercola’
website:   

Let us remember that this study is a test tube experiment. The study does not 

living/breathing cells and tissues of the human body is unknown. Many reactions o
vitamin C occur in vitro (in the test tube) that will not and cannot occur in vivo (
the living/breathing organism).   

limited use, if they are extrapolated to the living/breathing cell. 

The physiological environment of the cell and the body contains thousands of 
substances that also react with vitamin C and rancid fats thus derailing the 
chemistry observed in a test tube system.  Rancid fats don't just wait around in v
to bump into a vitamin C molecule, but instead are very rapidly reduced to 
harmless "alcohols" by a number of enzymes.  Thus, the reaction rat
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From what we know from the study, incubations were done for two hours, an 
eternity in biochemical terms. Enzymatic reactions as those indicated abov
reduce rancid fats to harmless alcohols that do not react with vitamin C usua
a fraction of a second, not two hours!  

e to 
lly take 

It is interesting to note that vitamin C effectively inhibits the formation of rancid 

n to form only after vitamin C has been exhausted. Thus, in these 
experiments rancid fats and vitamin C did not exist simultaneously in blood, and 

 to react with each other.  What's more, the Science 
study used a concentration of rancid fats which in biochemical terms was "a ton." 

s 

us 
ure for cancer based on a simple test tube 

experiment.  In fact, many animal studies and cell culture experiments have 

g 
 DNA-

nd 
ay 

mes 

 

r guanine 

rmal) adenine or 
guanine is put back in its place.  

The snipped out oxidized adenine and guanine are therefore markers of both DNA 
damage and DNA that has been repaired. Fundamentally, we are only interested in DNA 
damage that is not repaired. It is the unrepaired damage that is going to interfere with 
protein and enzyme function.  There are parts of DNA that do not get transcribed into 
proteins. These DNA sequences are either introns (which are snipped out during 
transcription) or initiation (control) sites which serve to activate and deactivate the 
transcription of "down-stream" DNA. Some of these initiation sites are now known to 

fats in the first place. Thus, when your blood is exposed to oxidizing conditions, 
vitamin C forms the first line of antioxidant defense, and no lipid rancid fats are 
formed.  

Rancid fats begi

thus never had the opportunity

Studies have shown that, in blood, rancid fats exist in concentrations which are 
10,000-fold lower than what was used in the Science experiment. Again, this cast
serious doubt on the relevance of these results for living organisms.  

To conclude from this study that vitamin C causes cancer would be as prepostero
as to say that we have found a c

demonstrated anticancer effects of vitamin C, and the vitamin has been used 
therapeutically in human cancer patients with some apparent benefit.  

About 20 types of DNA damage have been documented so far by scientists.  Accordin
to estimates, each cell in the body can be expected to suffer approximately 10,000
damaging events per day.  This suggests that DNA repair is an extremely robust a
vitally important process to consider (S.W. Fowkes, Vitamin Research News April M
1998 12:5-14).   

6.1.8 DNA Repair Enzy

DNA repair enzymes slide along the DNA strand scanning for signs of damage. DNA is
composed of A-T and C-U base pairs which are strung together in a double stranded 
spiral called a helix. When these repair enzymes find an oxidized adenine (A) o
(U) nucleotide, they snip it out (the C and T bases remain intact to maintain the 
structural integrity of the DNA during repair) and an unoxidized (no
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contain iron, which provides a clear and well known mechanism by which vitamin C can 
damage DNA.  DNA repair enzymes, like antioxidant enzymes, are readily inducible 
(produced on demand). 

Vitamin C reacts with ferric iron, oxidized iron, to form ferrous iron, reduced iron.
Ferrous iron reacts with hydrogen peroxide to form a hydroxyl radical, a potent 
oxidant and free radical.  In this manner, vitamin C is considered to be a 
prooxidant.  Hydroxyl radicals are not only powerful, they are extremely unselective. In
other words, they tend 

 

 
to react with the first thing they bump into.  

 

ten recommend supplements of vitamin D 
and calcium but scientists at the University of Aberdeen in Scotland say they don't 

died 
 

pplements of vitamin D, calcium, 
both, or a placebo. After following up the patients for up to 62 months, nearly 700 

 bones to become thinner and more 
likely to break. Although it affects both sexes, women are four times more likely than 

s. There is no cure for osteoporosis but medicines can slow 
and sometimes prevent bone mineral loss.  

)H-
nsport, which is known to initiate lipid peroxidation by activating 

oxygen in the presence of iron and thus could unmask its antioxidant function. (Yang, 

6.1.9 17.4  Vitamin D (Calciferol, Cholecalciferol) 

Giving vitamin D and calcium supplements to elderly patients who suffer from 
osteoporosis does not prevent breaking bones, researchers said on 4/28/05.  People with
osteoporosis, or brittle bone disease, have an increased risk of fractures, particularly if 
they have already broken a bone. Doctors of

work. 

"Our trial indicates that routine supplementation with calcium and vitamin D3, either 
alone or in combination, is not effective in the prevention of further fractures in people 
who had a recent low-trauma fracture," said Professor Adrian Grant, who headed the 
research team. In research published online by The Lancet, Grant and his team stu
5,300 elderly people who had fractured a bone during the previous 10 years. They were
randomly divided into four groups which were given su

patients had broken a bone but there was no difference in the number of fractures in 
the different groups. 

"We need to consider other strategies for secondary fracture prevention," said Grant. 
Drugs known as bisphosphonates, which maintain bone density, could be a better 
alternative, Grant added. Osteoporosis causes the

men to suffer from the illnes

6.1.10 NADPH Prooxidant Activity 

The protective action of NAD(P)H is in contrast to the prooxidant effect of NAD(P
driven electron tra  

M. X., and Cederbaum, A. I. (1996) Interaction of ferric complexes with NADH-
cytochrome b5 reductase and cytochrome b5: lipid peroxidation, H2O2 generation, and 
ferric reduction. Arch. Biochem. Biophys. 331, 69–78). 
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Scientists have known for many decades that extracted DNA has iron associated with it
but they didn't know whether it was naturally pre

, 
sent in native DNA or if it was an 

artifact of the chemical extraction process used to isolate the DNA. Now we know that 
nter of the DNA 

ouble helix at certain loci (DNA sites) where it serves as an oxidation sensor to 

ecause iron is bulky, it distorts the outer shape of the DNA helix. This distortion 

irly 
t" 

is oxidized to the ferric state, it opens it up so that it is more easily 
xpressed (i.e., transcribed into RNA and then into proteins).  In its activated state, 

 
at 

e iron-binding site.  I point out to you that this is still a controversial area and some 

1.12 Reasons NOT to Take Long Term Supplemental Vitamins 

bles 
rich in vitamin C or carotenoids is linked with a reduced risk of many cancers. Despite 

e support for the health benefits of vitamin C, vitamin E and carotenoids, there are good 
e supplemental doses: 

There is no proof of benefit. The evidence for using antioxidant vitamins to lower the 
risk of chronic disease is preliminary. The AHA still does not recommend using 

ntioxidant supplements until there is more complete data. They do, however, 
recommend eating a daily diet that contains a variety of foods from all the basic food 
groups (and low in saturated fat and cholesterol) which will provide a rich natural source 
of these vitamins. 
 
Nobody knows the long-term risks. Generally, vitamin C, vitamin E and carotenoids 
are not toxic, yet controlled studies in people typically last less than six months. 

Nobody knows the right dose and researchers do not know which antioxidant, or 
com greatest potential to prevent disease. 
  
Many studies have pointed out the harmful aspects of supplemental vitamins and have 
eve h diovascular disease, stroke and cancer. 
 
 

the iron in DNA is there by design. It is actually imbedded in the ce
d
activate DNA in response to oxidative stress.  

6.1.11 Iron-DNA Complex 

B
depends on the oxidation state of the iron. Under reducing (non-oxidized, ferrous 
state) conditions, the iron is present in the ferrous state and the DNA helix is fa
tightly wound around the iron atom (it only bulges slightly from the iron "nugge
imbedded inside).  

But when the iron 
e
the ferrous iron-DNA complex can react with vitamin C and hydrogen peroxide to
produce a hydroxyl radical which can (and apparently often does) attack the DNA 
th
say that the DNA-bound iron is non-reactive. 

6.
 
Evidence from more than a hundred studies suggests that eating fruits and vegeta

th
reasons for not taking larg
 

a

 

bination of antioxidants, offers the 

n s own conclusive increases in car
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6.2 Interferons 
 
Some of the following material was excerpted or modified from an article appearing in
Dr. Mercola’s website and was contributed by Dr. Russell Blaylock. 
 
Many of the diseases treated with interferon have been postulated to 
have been caused by excessive levels of EMODs and yet, they have been 
treated, with varying degrees of success, with interferon, an immune 

 

cytokine known to increase EMOD levels. 

Interferons are used in clinical medicine for a number of medical conditions including:  

• A wide range of cancers  
• Chronic hepatitis  
• Multiple sclerosis  
• Chronic granulomatous disease  
• AIDS-related disorders  

Rarely considered are the effects of large doses of this immune cytokine on brain 

edication. Continuous 
infusion of high-dose interferons is associated with more severe neurologic problems. It 
is known that chronic brain toxicities occur at all doses but more so after doses higher 
than 18 million to 20 million units a day. Most common is severe fatigue.   

Even lower doses have been associated with a lack of drive and disinterest in 
sychomotor retardation. This occurs 

in anywhere from 47 percent to 80 percent of patients. Changes in the ability to think 
clearly (cognitive changes) are frequently seen in patients treated with as little as 9 
million units of interferon per week. The difficulty with thinking reaches a peak at one to 
three months. This can include a decreased attention span, difficulty concentrating, 
defective short-term memory and mental clouding (Iaffaiolo RV, et al. Neurotxic effects 
of long-term treatment with low-dose ab interferon. Current Therapy Research 48: 403, 
1990). 

The most severe effects have been seen in patients treated for cancers. In these patients 
death due to encephalopathy (widespread brain injury) and associated seizures have been 

 
to 

function. For example, the conventional treatment of chronic hepatitis is interferon-alpha-
2b. Despite poor results in controlling the disease and the existence of safer, more 
effective natural treatments, physicians continue to use this toxic treatment. Of major 
concern are the neurologic effects of the treatment.  The severity of symptoms depends 
on the dose of the interferon and manner of administering the m

participating in normal activities, a process called p

described. This may be a result of combined toxicities of radiation, chemotherapy
and interferon.  I believe that this is a very important observation and one must take in
account the combined effects of chemotherapy and irradiation. 
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Interferon-gamma is less toxic than the alpha or beta-interferons. With higher d
one can see chronic neurotoxicities, which can include dizziness, slowed thinking, 
confusion, crying spells, and even symptoms resembling Parkinson's disease.  

oses 

6.2.1 Mechanism of Interferon Brain Damage 

e 
 

t 
tants, 

xins 

ey do 
roglia generate other toxic compounds such as 

prostaglandins (PGE2), which increase brain inflammation (Turowski RC, Triozzi PL. 
Central Nervous System Toxicities of Cytokine Therapy. In, Plotnikoff NP, et al (eds): 

ytokines: Stress and Immunity. CRC Press, Boca Raton, 1998. pp 93-114). 

 the microglia activation is short lived, the damage to the brain is minimal and recovery 
takes place. Yet, should the activation continue, which would occur with high-dose and 
long-term use of interferons, the damage could be substantial and irreversible. Protecting 

e brain with high-dose and varied antioxidants as well as certain metabolic stimulants 
tain nutrients, such as malate, pyruvate, DHA, 

ascorbate, magnesium and methylcobalamin inhibit excitotoxicity (Blaylock RL. 
cessive immune 

stimulation: Possible factors in Gulf War Syndrome and autism. Journal of American 

rosis were greater among patients taking 
terferon than those taking a placebo. Flu-like symptoms were common and the 

The presence of leucopenia indicates 
at the patient has a decreased ability to generate EMODs, which must be 

6.2.2 Ridiculous Names for Oxygen Free Radicals 

The mechanism of this injury to the brain appears to involve the brain's special immun
cell called the microglia. Normally, these cells remain dormant in the brain. That is, they
are sleeping. Microglia cells can be activated by numerous factors, including 
mercury, aluminum, iron, over vaccination, and brain trauma, strokes, infections 
(viruses, bacteria, rickettsia) and cytokines such as interferons.  It appears tha
microglial cells are protecting the body against pathogenic invaders and pollu
which is what they were designed to do.  The only protective option it has is an 
oxidative one. 

Once activated, microglia can move about the brain secreting very toxic compounds, 
which include two excitotoxins (glutamate and quinolinic acid). These excitoto
dramatically increase free radical generation in the brain as well as oxidation of 
lipids (called lipid peroxidation). These radicals damage synaptic connections, 
interfere with neurotransmitters and can even kill neurons, but normally th
not.  In addition, these activated mic

C

If

th
can substantially reduce this damage. Cer

Chronic Microglial activation and excitotoxicity secondary to ex

Physicians and Surgeons. 9: 46-51, 2004). 

Side effects of interferon in treating multiple scle
in
occurrence of leucopenia, lymphocytopenia, thrombocytopenia, and raised liver 
enzymes in blood was higher than controls.   
th
considered in this clinical picture. 

 
Free radicals are cellular renegades. 
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A free radical is a damaged molecule – it's missing an electron. The free-radical 
molecule "wants" its full complement of electrons. 
 
Vitamin E is the “anti-rust” molecule. 

 the “chemical assassins” of the cell. 

e.” 

 foot soldier in the battle against free radicals and 
xins”. If so, then selenium is the supply line. 

 are the body’s rustproofers. 

ntioxidants have the ability to "mop up" the harmful free radicals. 

hese radical oxygen molecules bounce around cells and tissue stealing electrons from 
als in the process. 

The nasty thing about these nasties is that that these ROS are far more powerful and 
 poor innocent bio-molecules than were the 

riginal oxygen.  

 
 AA 

 off; 

l Vascular Dysfunction 
 

 
Free radicals are the “great white sharks” of the cytoplasm. 
 
Free radicals are
 
Free radicals represent oxygen’s “dark sid
 
Glutathione has been described as “the
to
 
Antioxidants
 
Free radicals are in our analogy “terrorists' bullets.” 
 
A
 
T
healthy molecules causing damage and creating more free radic
 
Aging is the result of the slow and insidious work of “these little enemies” (ROS). 
 

aggressive (promiscuous) oxidizers of
o
 
“the horny promiscuous ROS molecules” 
 
“those darned F---- ing electrons!” 

Free radicals are oxidative coals that curdle the blood, and initiate and perpetuate
oxidopathy. 
 
In your body, if an electron is removed from an atom, it is like an atom bomb going
that is a free radical. 
 
Oxidative Stress: The Curse That Underlies Cerebra

ROS are usually considered to be the universal pathogens. 
 
Antioxidants protect your cells from electron robbery at the hands of larcenous free 
radicals 
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6.2.3 Oxidative Stress and Cancer 
 
Some of the following material was excerpted, abstracted or modified from the fol
article:  (NS Brown and R Bicknell. Hypoxia and oxidative stress in breast cancer: 
Oxidative stress: its effects on the growth, metastatic potential and response to therapy of 
breast cancer. Breast Cancer Res. 2001; 3(5): 323–327). 

lowing 

 
tress. 

o 
Carcinoma cells in vitro and in vivo are frequently under persistent oxidative s
Epidemiological studies suggest that a diet that is rich in antioxidants may help t
prevent the development of breast carcinoma; this evidence contributed to recent UK 
Government advice that individuals should consume at least five portions of fruit or 
vegetables each day. The UK Department of Health has now translated this 
recommendation into initiatives such as the National School Fruit Scheme and the 
Five-a-day Community Projects (www.doh.gov.uk).  
 
Carcinoma cells are frequently under persistent oxidative stress. Human tumor cell l
in vitro produce EMODs at a far greater rate than do non-transformed cell lines 
(Szatrowski TP, Nathan CF. Production of large amounts of hydr

ines 

ogen peroxide by human 
mor cells. Cancer Res 1991;51:794–798), and markers of constitutive oxidative stress 

 

in normal control samples from the same patient (Toyokuni S, Okamoto K, Yodoi J, Hiai 

nd nicotinamide adenine 
dinucleotide phosphate, reduced form (NADPH)-oxidase. The radicals are generated for 
ell killing and bactericidal activities. The NADPH-oxidase is not exclusive to these 

cells, however. A panel of human tumor cell lines was shown to produce large quantities 

r oxidative stress within the MCF-7 
b  oxidative stress in non-transformed 

tu
have been detected in samples from in vivo breast carcinomas (Portakal O, Ozkaya O,
Erden Inal M, Bozan B, Kosan M, Sayek I. Coenzyme Q10 concentrations and 
antioxidant status in tissues of breast cancer patients. Clin Biochem 2000;33:279–284).  
8-Hydroxy-2'-deoxyguanosine, one of the major oxidatively modified DNA base 
products, is almost 10 times more prevalent in invasive ductal breast carcinoma cells than 

H. Persistent oxidative stress in cancer. FEBS Lett 1995;358:1–3).  
 
Oxygen radicals are not only generated in the mitochondria. Neutrophils and 
macrophages produce EMODs via a plasma membrane bou

c

of hydrogen peroxide in vitro (Szatrowski TP, Nathan CF. Production of large amounts 
of hydrogen peroxide by human tumor cells. Cancer Res 1991;51:794–798). The 
hydrogen peroxide production was prevented by diphenyleneiodonium, which is an 
inhibitor of the flavoprotein component of the NADPH-oxidase. Tumor cells may 
overproduce EMODs because the NADPH-oxidase is regulated by the GTPase 
Rac1, which is itself downstream of the proto-oncogene Ras.  
 
A breast tumor rapidly outgrows its blood supply, leading to glucose deprivation and 
hypoxia. Glucose deprivation rapidly induces cellula

reast carcinoma cell line, although it does not cause
cell lines. This may be because glucose deprivation depletes intracellular pyruvate within 
the breast carcinoma cell, preventing the decomposition of endogenous oxygen radicals.  

Page 427 of 931 



Breast carcinomas usually support their growth by stimulating blood vessel development 
ngiogenesis). Blood flow within these new vessels is often chaotic, causing periods of 

bral 
eneration of EMODs.  

xp Metastasis 1995;13:16–22). This may be due to oxygen 
radical production by the macrophages. In addition, tumour necrosis factor-α is secreted 

cisplatin are superoxide generating agents (Yokomizo A, Ono M, Nanri H, 
 

n tamoxifen, increasingly used alongside other breast 
 
, 

es 

 

e 

75–
y n of 

mitogen ith hydrogen 

(a
hypoxia followed by reperfusion. Reperfusion after myocardial infarction or cere
ischemia is known to cause the g

 
6.2.4 EMODs and Breast Tumors 
Breast tumors are frequently infiltrated by large numbers of macrophages. Tumor-
associated macrophages have been shown to deliver a sublethal oxidative stress to 
murine mammary tumor cells (Kundu N, Zhang S, Fulton AM. Sublethal oxidative 
stress inhibits tumor cell adhesion and enhances experimental metastasis of murine 
mammary carcinoma. Clin E

by tumour-associated macrophages, and is known to induce cellular oxidative stress. 
This is exactly as I have said, “If the body could generate more of an 
oxidative assault, it could kill the cancer.” 
 
The chemotherapeutic agents doxorubicin, mitomycin C, etoposide and 

Makino Y, Ohga T, Wada M, Okamoto T, Yodoi J, Kuwano M, Kohno K. Cellular levels
of thioredoxin associated with drug sensitivity to cisplatin, mitomycin C, doxorubicin, 
and etoposide. Cancer Res 1995;55:4293–4296).  
 
Radiotherapy and photodynamic therapy generate oxygen radicals 
within the carcinoma cell.  
 
The anti-estroge
cancer therapies, has also been shown to induce oxidative stress within
carcinoma cells in vitro (Ferlini C, Scambia G, Marone M, Distefano M, Gaggini C
Ferrandina G, Fattorossi A, Isola G, Benedetti Panici P, Mancuso S. Tamoxifen induc
oxidative stress and apoptosis in estrogen receptor-negative human cancer cell lines. Br J 
Cancer 1999;79:257–263).  

EMODs may be powerful DNA damaging agents in vitro. EMODs may cause strand 
breaks, alterations in guanine and thymine bases, and sister chromatid exchanges 
(Wiseman H, Halliwell B. Damage to DNA by reactive oxygen and nitrogen species: role 
in inflammatory disease and progression to cancer. Biochem J 1996;313:17–29). This 
may inactivate additional tumour suppressor genes within tumour cells, or further 
increase expression of proto-oncogenes.  
 
Sublethal oxidative stress promotes cell proliferation in vitro, with both superoxid
and hydrogen peroxide stimulating growth (Burdon RH. Superoxide and hydrogen 
peroxide in relation to mammalian cell proliferation. Free Radic Biol Med 1995;18:7
794). Proliferation in response to hydrogen peroxide ma  be due to the activatio

-activated protein kinases (MAPKs). HeLa cells treated w
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peroxide undergo a sustained activation of all three MAPK pathways: extracellular 
signal related protein kinase; c-Jun amino-terminal kinase/stress-activated protein 
kinase; and p38.  
 
Severe oxidative stress leads to apoptosis. Conversely, persistent oxidative stress at 
sublethal levels may cause resistance to apoptosis. The induction of programmed cell 
death by EMODs is dependent on p53 in both mouse and human cell lines (Yin Y, 
Solomon G, Deng C, Barrett JC. Differential regulation of p21 by p53 and Rb in cellular 
response to oxidative stress. Mol Carcinog 1999;24:15–24).  
 
The antioxidant thiols thioredoxin and metallothionein are rapidly upregulated in
response to EMODs, and the antioxidants malondialdehyde, superoxide dismuta
glutathione peroxidase and catalase show increased expression or activity in breast tum

 
se, 

or 
tissue as compared with normal controls. An upregulation of anti-ROS defenses in cancer 
cells may explain why tumor cell lines in vitro are extremely resistant to cytolysis by 
hydrogen peroxide (O'Donnell-Tormey J, DeBoer CJ, Nathan CF. Resistance of human 
tumor cells in vitro to oxidative cytolysis. J Clin Invest 1985;76:80–86). In addition, 
antiapoptotic Akt (protein kinase B) is activated by hydrogen peroxide (Shaw M, 
Cohen P, Alessi DR. The activation of protein kinase B by H2O2 or heat shock is 
mediated by phosphoinositide 3-kinase and not by mitogen-activated protein kinase-
ctivated protein kinase-2. Biochem J 1998;336:241–246).  

on 

ion. Vasodilatation could also be triggered by carbon monoxide, because 
oxidative stress powerfully induces heme oxygenase-1, which degrades heme to 

rmont 

t 

a
 
EMODs increase tumor cell production of the angiogenic factors IL-8 and vascular 
endothelial growth factor (VEGF). Tumour cell EMODs also promotes secretion of the 
matrix metalloproteinase-1 (MMP-1), a collagenase that aids vessel growth within the 
tumour microenvironment (Brown NS, Jones A, Fujiyama C, Harris AL, Bicknell R. 
Thymidine phosphorylase induces carcinoma cell oxidative stress and promotes secreti
of angiogenic factors. Cancer Res 2000;60:6298–6302). Hydrogen peroxide induces 
inducible nitric oxide synthase (NOS) in cytokine stimulated rat pleural mesothelial 
cells (Milligan SA, Owens MW, Grisham MB. Augmentation of cytokine-induced nitric 
oxide synthesis by hydrogen peroxide. Am J Physiol 1996;271:L114–L120). The nitric 
oxide produced would activate cGMP within nearby smooth muscle cells, leading to 
vasodilatat

biliverdin and carbon monoxide. Carbon monoxide, like nitric oxide, activates cGMP. 
Rac1 can activate the NADPH-oxidase in tumour cells, causing superoxide production. 
EMODs have been shown to mediate the role of Rac1 in actin cytoskeleton 
reorganization (Moldovan L, Irani K, Moldovan NI, Finkel T, Goldschmidt-Cle
PJ. The actin cytoskeleton reorganization induced by Rac1 requires the production of 
superoxide. Antiox Redox Signal 1999;1:29–43).  
 
6.2.5 H2O2 Is Not a Mutagen But Rather Epigenetic Toxicant 
 
Otto Warburg was the first scientist to implicate oxygen in cancer (Warburg, O.  On 
the origin of cancer cells.  Science  1956; 123: 309-314).  Organic and hydrogen 
peroxides have been shown to act as tumor promoters and not as initiators, indicating tha
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these oxidants are not mutagens but rather epigenetic toxicants.  In the past decade, 
much research has shifted to the understanding of how EMODs can reversibly control 
the expression of genes at noncytotoxic doses (Allen, R.G. and Tresini, M.  Oxidative 
stress and gene regulation.  Free Rad Biol Med  2000; 28: 463-499).  In this regard, at 
least 127 genes and signal transducing proteins have been reported to be
sensitive to reductive and 

 
oxidative (redox) states in the cell (Allen, R.G. 

 

 
r between these two strains of HeLa cells.  However, under both 20 and 80% 

 

and Tresini, M.  Oxidative stress and gene regulation.  Free Rad Biol Med  2000; 28: 
463-499).  

Oxygen is critical to aerobic metabolism, but excessive oxygen (hyperoxia) can cause 
cell injury and death. An oxygen-tolerant strain of HeLa cells, which proliferates even 
under 80% O2, termed "HeLa-80," was derived from wild-type HeLa cells ("HeLa-
20") by selection for resistance to stepwise increases of oxygen partial pressure. 
Surprisingly, antioxidant defenses and susceptibility to oxidant-mediated killing do
not diffe
O2, intracellular reactive oxygen species (EMODs) production is significantly ( 2-fold)
less in HeLa-80 cells. In both cell lines the source of EMODs

 

. 

t 

 is evidently mitochondrial
Although HeLa-80 cells consume oxygen at the same rate as HeLa-20 cells, they 
consume less glucose and produce less lactic acid. Most importantly, the oxygen-toleran
HeLa-80 cells have significantly higher cytochrome c oxidase activity ( 2-fold), which 
may act to deplete upstream electron-rich intermediates responsible for EMODs 
generation. Indeed, preferential inhibition of cytochrome c oxidase by treatment with n-
methyl protoporphyrin (which selectively diminishes synthesis of heme a in cytochrome c 

ction and abrogates the oxygen tolerance of the HeLa-
remarkable oxygen tolerance of these cells derives 

sport chain (Campian, J.L., Qian, M., Gao, 
oupling of mitochondrial electron transport.  

279(45): 46580-46587, 2004).   

 to hyperoxia is not due to enhanced antioxidant 
ant enzymes are induced by EMODs. 

Under hyperoxia conditions, mitochondrial EMODs generation increases as a linear 
hysiol. 552, 335-344) and this 

 associated with hyperoxia (Guidot, 
.M., and Repine, J.E. (1993) J. bio. Chem. 268, 26699-

 caused by hyperoxia is clinically important in lung damage 
and retrolental fibroplasia, which is seen in some infants treated for pulmonary 
insufficiency.  The World Health Organization said in March 2005 that 6 mainly 

 of child deaths each year.  Pneumonia accounts 
 the under-fives who die, followed by diarrhea, preterm delivery, malaria, 

and lack of oxygen at birth.  This illustrates the crucial requirement 
n and aerobic metabolism to sustain life. 

oxidase) enhances EMODs produ
80 cells. Thus, it appears that the 
from tighter coupling of the electron tran
X., and Eaton, J.W. Oxygen tolerance and c

This implies that this cell’s tolerance
defenses and many of these antioxid

function of the oxygen tension (Turrens, J.F. (2003) J. P
has been implicated in cell dysfunction and death
D.M., McCord, J.M., Wright, R
26703). 

Damage to cells and tissues

preventable diseases account for 73%
for 19% of
blood infections 
for oxyge
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6.2.6 Antioxidant Defenses 

porta

 glutathione reductase 

 mitochondrial Mn-superoxide dismutase 

 function (Allen, R.G. and Tresini, M.  
Oxidative stress and gene regulation.  Free Rad Biol Med  2000; 28: 463-499).  For 

l ay is the two-electron reduction of H2O2 
catalyzed by glutathione peroxidase, which may serve a protective role against 

n of intracellular pools of 
glutathione (GSH), by inhibiting the rate-limited step in biosynthesis, “paradoxically” 

 of 
, 
m 

Im nt antioxidant defenses include:   

-glutathione and related enzymes 

 glutathione peroxidase 

 thioredoxin/thioredoxin reductase 

 peroxiredoxins 

 glutathione 

-ascorbic acid 

-vitamin E 

-catalase 

-superoxide dismutases 

 cytoplasmic Cu/Zn superoxide dismutase 

 extracellular superoxide dismutase 

In addition to oxidants serving normal roles as subcellular messengers in gene regulatory 
and signal transduction pathways, antioxidants have also been demonstrated to serve 
as subcellular messengers for normal cell

examp e, a major H2O2-scavenging pathw

peroxide-dependent oxidative injury.  However, depletio

reverses the biological effect of H2O2 in several systems (another paradox).  For 
example, inhibition of GJIC, induction of c-jun and activation of NF-KB by H2O2 were 
completely reversed when the cellular systems were depleted of GSH.  This indicates 
that these signaling pathways required not only H2O2 but also GSH.  It also 
indicates that interpretation of this redox data is extremely difficult.  Thus, in the 
absence of GSH, H2O2 does not inhibit GJIC.  Inhibition of GJIC and the induction
early-response genes are hallmarks of tumor promotion, and in the results just described
a reduction in the natural antioxidant GSH could also potentially protect a cell fro
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proliferative response to extracellular ligands.  In other words, decreasing the 
antioxidant, GSH, could protect the cell from becoming cancerous. 
 
COX-2 expression was elevated in well-defined carcinomas (Wolff, H., Saukkonen, 
K., Anttila, S., Karjalamen, A., Vannio, H. and Ristimaki, A.  Expression of 
cyclooxygenase-2 in human lung carcinoma.  Cancer Res  1998; 58: 4997-5001).  
Despite the weak link to tumorigenicity, according to some, 8-OHdG is a good indicator 
of oxidative stress (Upham, B.L. and Wagner, J.G.  Toxicant-induced oxidative stress in 
cancer.  Toxicological Sci  2001; 64: 1-3).  
 
6.2.7 17.6  Folic Acid 
 
6.2.8 Folic Acid May Increase Breast Cancer Rate 
 

4, 
lic 

t 
n 

breast cancer.  The risk of death from breast cancer was much higher in 
women who had received high doses of the supplement than in those who had been 
given a placebo.  However, Godfrey Oakley and Jack Mandel, of Emory University, said 
other research studies indicate that more folic acid is likely to prevent breast cancer rather 
than cause it.  This is another glaring example of the contradictory and dangerous 
nature of the vitamin studies. 

Taking large amounts of folic acid improved the memory of older adults, Jane Durga of 
l 

at a 
 

les — is important for a variety of diseases. It's thought to lower women's risk of 
devastating birth defects of the brain and spinal cord, and some research suggests it might 
help ward off heart disease and strokes. Other research shows conflicting results. 

As people age, some decline in brain function is inevitable. The Dutch study tested 
whether otherwise healthy people could slow that brain drain by taking double the 
recommended daily U.S. dose of folic acid — the amount in 2.5 pounds of strawberries. 
The study divided 818 people ages 50 to 75 to take either a vitamin containing 800 
micrograms of folic acid a day, or a dummy pill, for three years. On memory tests, the 
upplement users had scores comparable to people 5.5 years younger, Durga said. On 

tests of cognitive speed, the folic acid helped users perform as well as people 1.9 years 
younger. 

Dr. Andy Ness, of Bristol University, said in the British Medical Journal in Dec. 200
that there is the possibility of increased risk of breast cancer in women taking fo
acid supplements throughout pregnancy.  The researchers followed up 2,928 pregnan
women who had taken part in a supplemental trial in the 1960s.  The women had bee
randomly selected to receive either low or high loses of the supplement or a placebo in 
the later stages of pregnancy.  By the end of September 2002, more than 200 women 
from the trial had died.  Forty deaths were due to cardiovascular disease, 112 to cancer 
and 31 to 

Wageningen University reported on 6/20/05 in the first study to show a vitamin pil
might slow the mental decline of aging. The research adds to mounting evidence th
diet higher in folate — a B vitamin found in grains and certain dark-colored fruits and
vegetab

s
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The study involved healthy older people, not those with Alzheimer's symptoms, so it 
doesn't show if folic acid might ward off that disease. "That's the key question," D
said. Still, folic acid offered significant brain protection, said Johns Hopkins Univers
neuroscientist Marilyn Albert, who chairs the Alzheimer's Association's science advisory 
council. 

Scientists have long thought that folic acid might play a role in dementia. Previous 
studies have shown people with low folate levels are more at risk for both heart 
disease and diminished cognitive function; clogged arterie

urga 
ity 

s slow blood flow in the 
brain. 

 
thers 

Inflammation is the body's reaction to invasion by an infectious agent, antigen challenge 
or even just physical, chemical or traumatic damage.  

The mechanism for triggering the response the body to injury is extremely sensitive. 
Responses are to tissue damage that might not normally be thought of as injury, for 
exa
tissue. ts of 
massag , which employs kneading, rolling or pressing the flesh.  The 
infl
promot
minor jor 
inju

Depend grity of 
the skin or internal surfaces may be breached and damage to the underlying connective 

 
as 

ts 

e 
ot expect a single 

mechanism to be able to deal with the sudden loss of a limb or a major infection.  

Folate is found in such foods as oranges and strawberries, dark green leafy vegetables 
and beans. In the United States, it also is added to cereal and flour products. The 
recommended daily dose here is 400 micrograms. Durga said it's not clear how folic acid
might work to protect the brain. Some studies suggest folate lowers inflammation; o
suggest it may play a role in expression of dementia-related genes.  I believe that this is 
another SWAG (scientific wild a$$ed guess). 

 
6.2.9 18  Inflammation and Oxygen Modifications (EMODs) 

mple when the skin is stroked quite firmly or if some pressure is applied to a 
I believe that this may be, in part, the explanation for the beneficial effec
e therapy

ammatory reaction, produced secondary to massage, would go to sites of pain and 
e oxidative healing.  In addition, the body has the capacity to respond to both 
injuries such as bruising, scratching, cuts, and abrasions, as well as to ma

ries such as severe burns and amputation of limbs.  

ing on the severity of the tissue damage resulting from an injury, the inte

tissue and muscle, as well as blood vessels can occur. In this situation infection can, and
frequently does result because the normal barrier to the entry of harmful organisms h
been broken. It is obviously most important that the body can respond to injury by 
healing and repairing the damaged tissue, as well as by eliminating the infectious agen
that may have entered the wound and their toxins. It is also important that the appropriate 
response to the tissue damage and infection can be made: it is no use bringing all of th
body's defenses into action to repair a minor scratch, just as one would n
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The inflammatory reaction is phylogenetically and ontogenetically the oldest 
mechanism. The cells of the immune system are widely distributed throughout the body,
but if an infection or tissue damage occurs it is necessary to concentrate them and their
products at the site of damage. Three major events occur during this response:  

1. An increased blood supply to the tissue “in danger,” which is performed by 
vasodilation. The inflamed tissue looks like it contains a greater number of 
vessels.  

defense 
 

 

2. Increased capillary permeability caused by retraction of the endothelial cells. 
thus 

n.  

 
example to reduce or stop the lost of blood, whereas tissue repair and reconstruction can 
begin a little later. Therefore, a wide variety of interconnected cellular and humoral 
(soluble) mechanisms are activated when tissue damage and infection occur. On the 
other hand if the injury is negligible, the body must have mechanisms which are 
able to stop the tissue damage when the injury agent was removed.  

The development of inflammatory reactions is controlled by cytokines, by products 
of the plasma enzyme systems (complement, the coagulation clotting, kinin and 
fibrinolytic pathways), by lipid mediators (prostaglandins and leukotrienes) 
released from different cells, and by vasoactive mediators released from mast cells, 
basophils and platelets. These inflammatory mediators controlling different types of 

ter, newly synthesized 
mediators such as leukotrienes are involved in the accumulation and activation of other 
cells. Once leukocytes have arrived at a site of inflammation, they release mediators 
which control the later accumulation and activation of other cells.  

However, in inflammatory reactions initiated by the immune system, the ultimate 
control is exerted by the antigen itself, in the same way as it controls the immune 
response itself. For this reason, the cellular accumulation at the site of chronic infection, 
or in autoimmune reactions (where the antigen cannot ultimately be eradicated), is quite 
different from that at sites where the antigenic stimulus is rapidly cleared.  

The nervous system can also participate in the control of inflammation, especially 
axon reflexes, but inflammation may be realized in denervated tissues as well.  

Inflammation can become chronic. In certain settings the acute process, characterized by 
neutrophil infiltration and edema, gives way to a predominance of mononuclear 
phagocytes and lymphocytes. This probably occurs to some degree with the normal 

This permits larger molecules than usual to escape from the capillaries, and 
allows the soluble mediators of immunity to reach the site of inflammation.  

3. Leukocytes migrate out of the capillaries into the surrounding tissues. In the 
earliest stages of inflammation, neutrophils are particularly prevalent, but later 
monocytes and lymphocytes also migrate towards the site of infectio

For the possibility of surrounding tissue damage, inflammatory responses must be well 
ordered and controlled. The body must be able to act quickly in some situations, for

inflammatory reaction differ. Fast-acting mediators, such as vasoactive amines and the 
products of the kinin system, modulate the immediate response. La
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healing 
e

process but becomes exaggerated and chronic when there is ineffective 
limination of foreign materials as in certain infections (e.g. tuberculosis) or following 

introduction of foreign bodies (e.g. asbestos) or deposition of crystals (e.g. urate crystals). 
Chronic inflammation is often associated with fusion of mononuclear cells to form 
multinucleated giant cells, which eventually become granuloma. Chronic 
inflammation is seen under conditions of delayed hypersensitivity.  

Main humoral and cellular components involved in the amplification and propagation of 
both acute and chronic inflammation are shown in the following:  

table.   
 

 Components of inflammation 
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6.3 18.1  Atherogenesis, Atherosclerosis 

  

oday, over 100 million Americans are taking daily dietary or vitamin supplements.  
ic terms, this translates into a $3.2 billion industry, which is determined to 

ell you something to reportedly make you as healthy as a horse, as wealthy as a Croesus 
and possessing nigh immortality.  About 1 out of every 3 women and about 1 out of every 
4 men, take daily vitamins and supplements.  I will refer to these folks as vita-dunces (or 
“vitidiots).”  Unfortunately, the science upon which this industry is built is of 
questionable reliability.  These supplements can be useful in treating deficiency states, 
if you are an inhabitant of Somalia or Ethiopia but in the United States of America, one 
of our biggest problems is with over-nourishment, which manifests itself as obesity, in 
well over 1/3 of our population.   
 
6.3.3 Free Transition Metals 
 
Free transition metals are strong catalysts for oxidation reactions in the presence of 

 those that have been proposed to be 

contaminate research reagents, including cell-culture 

 
re probably not meaningful biologically (Rae, T.D., Schmidt, P.J., Pufahl, R.A., et 

racellular free copper: the requirement of a copper chaperone for 
e.  Science 1999; 284: 805-808).   

DL. 

 
6.3.1 Introduction 
 
As the old saying goes,”Jim Fixx is dead and Fats Domino and Chubby Checker live on.”
Go figure.  Some folks smoke, eat fats and do no exercise and live to be a hundred and 
others are vegan marathoners, who die at 30 years of age.  Forty percent of those who 
have heart attacks have no symptoms at all and stress tests can be negative with a 
50% arterial blockage.  Cardiovascular disease has been the leading cause of death 
since 1919 and the vast majority of Americans have some form of the disease present.   
 
6.3.2 The Vitamin and Dietary Supplement Business 
 
T
In econom
s

lipid hydroperoxides (LOOH) in vitro, such as
‘seeded’ into LDL as a result of the action of 15-lipogenase (15-LO).  Metal-mediated 
homolytic cleavage of LOOH yields lipid alkoxyl radicals that can initiate lipid 
peroxidation.  Transition metals 
media, and are most often required for cells to oxidize LDL.  However, the 
concentration of free transition metals in vivo is negligible, and there is little 
convincing evidence that they are important in LDL oxidation in the vessel wall.  
This indicates that studies that use free transition metals [e.g. Cu(II)] to oxidize LDL in
vitro a
al.  Undetectable int
superoxide dismutas
 
LOOH are metabolized principally through peroxidase-mediated reduction to the 
corresponding alcohols (LOH). 
 
Myeloperoxidase is a heme-containing protein that produces two- (hypochlorous 
acid) and one-electron oxidants (tyrosyl radical), as well as reactive species such as 
chorine gas and p-hydroxyphenylacetaldehyde (pHA), which are capable of oxidizing 
L
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6.3.4 Probucol 
 
Probucol is a phenolic antioxidant that is structurally unrelated to vitamin E.  A 
problem with probucol is that it lowers HDL and prolongs the QT interval with 
proarrhythmic risk.  Also, the benefit of probucol on established lesions in mature 
WHHL rabbits and nonhuman primates has been questioned, as has the effective do
Paradoxically, probucol pro

se.  
motes atherosclerosis in the aortic root of LDL 

eceptor-deficient and apoE mice, raising the question of its molecular action in vivo. 

t, 
II) 

cy of 
as assessed by chemical parameters, is clearly less than that of α-TOH.  

or example, probucol is not able to reduce α-tocopheroxyl radical in LDL.  It is also 
 in addition to 

hibition of LDL oxidation. 

.3.5 Singlet Oxygen Does Not Cause Cardiovascular Disease 

esearch on the antioxidant properties of carotenoids has focused on the reaction of β-
carotene and lycopene with singlet oxygen.  However, there is no evidence that singlet 
oxygen plays a significant role in cardiovascular disease.  Carotenoids can also 
scavenge other oxidants, although this appears to be of minor importance in humans 
when compared with the action of other natural antioxidants.  Consistent with this, there 
is no evidence from controlled studies that carotenoid supplement reduces the risk 
of CVD (Mashima, R., Witting, P.K. and Stocker, R.  Oxidants and antioxidants in 
atherosclerosis.  Curr Opin Lipidol  2001; 12: 411-418). 
 
6.3.6 Exercise 
 
Exercise in humans helps to counteract the impairment of endothelium-mediated 
vasodilatory capacity normally seen with aging.  Interestingly, exercise in the lower 
extremities may affect endothelial vasomotion in remote organs such as the arm, 
suggesting that exercise has systemic and possibly sustained beneficial effects (Green, 

., Cheetham C, et al. Effect of lower limb exercise on forearm vascular function:  

ble for 

r
 
In the cardiovascular literature, probucol is often referred to as a ‘potent’ antioxidan
perhaps because it prolongs the apparent ‘lag phase’ of LDL oxidation induced by Cu(
more effectively than does α-TOH.  As mentioned above, though, the biological 
relevance of this in vitro activity is questionable.  However, the antioxidant poten
probucol, 
F
known that probucol has several potential antiatherogenic properties
in
 
Important evidence for a cardioprotective effect of probucol independent of its 
antioxidant activity comes from studies in restenosis.  Thus, the landmark Multi-
Vitamins and Probucol Trial showed that probucol reduces restenosis after balloon 
angioplasty, whereas an antioxidant cocktail comprising of α-TOH, ascorbate and β-
carotene not only failed to be effective, but also prevented the beneficial action of 
probucol. 
 
6
 
R

D
contribution of nitric oxide.  Am J Physiol 2002; 283: H899-H907).  I have been saying 
all along that exercise introduces a large dose of EMODs and this is responsi
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the salutary effects and systemic effects of exercise.  This therapeutic role of regular 
hysical activity helps reduce the incidence and the severity of related co-

ension, dyslipidemia and obesity (Barton, M. and 
urrer, J.  Cardiovascular consequences of the obesity pandemic:  need for action.  Exp 

 
or 

gen (HBO) 
 

f 
 

or 

 
s 

odkar, B.J., Wilson, J., 
Lacko, A. and Dory, L.  Hyperbaric oxygen reduces the progression and accelerates the 

scler Thromb Vasc Biol  2000; 20(6): 
1637-1643).  In this case, I believe that the authors made some extremely valuable 

not 

ation of HBO2 should, according to 
the Free Radi-Crap theory, cause increased lipid oxidation and plaque formation.  

 

state of hibernation or suspended animation. 

p
morbidities such as diabetes, hypert
F
Opin Invest Drugs 2003; 12: 1757-1759).  Usually, aging is associated with a reduction
of physical activity and fitness (Mazzeo, R.S. and Tanaka, H.  Exercise prescription f
the elderly:  current recommendations.  Sports Med 2001; 31: 809-818). 
 
When it comes to countering aging, nutritional additives such as vitamins, appear to 
be largely ineffective in interfering with age-dependent functional changes 
associated with aging.   
 
6.3.7 Hyperbaric Oxy

Hyperbaric oxygen (HBO) treatment of cholesterol-fed rabbits dramatically reduces 
the development of arterial lesions despite having little or no effect on plasma or 
individual lipoprotein cholesterol concentrations.  Compared with no treatment in 
cholesterol-fed animals, HBO treatment also substantially reduces the accumulation o
lipid oxidation products (conjugated dienes, trienes and thiobarbituric acid-reactive
substances) in plasma, in the low density lipoprotein and high density lipoprotein 
fractions of plasma, in the liver, and in the aortic tissues.  In addition, HBO treatment 
prevents the decrease in plasma paraoxonase activity observed in rabbits fed 
cholesterol-rich diets.   
 
Similarly, in regression studies, HBO treatment has no effect on the rate of plasma (
lipoprotein) cholesterol decline but significantly accelerates aortic lesion regression 
compared with no treatment.  Direct measures of aortic cholesterol content support these
morphological observations.  Repeated, but relatively short, exposure to HBO induce
an antioxidant defense mechanism(s) that is responsible for retarding the development 
or accelerating the regression of atherosclerotic lesions (Kudch

regression of atherosclerosis in rabbits.  Arterio

observations but they came to the wrong conclusion.  The plaque regression was 
due to increased antioxidants but was due to increased EMODs, which are well 
known products of HBO2.  Further, administr

Whereas, just the opposite is the result in experimental animals, whereby HBO2 
causes increased regression of plaque and decreases accumulation of lipid oxidation
products.  This is one of my most important observations. 
 
6.3.8 HBO2 and Hydrogen Sulfide Toxicity 

In the past HBO has been used to treat toxicity of ingested hydrogen sulfide but now 
some researchers are advocating hydrogen sulfides (H2S) as a means of inducing a 
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US scientists at the Fred Hutchinson Cancer Research Center have for the first time eased
mice in and out of hibernation, a possible procedure for 

 
treating critically ill and injured 

humans. A study exposed the mice to high levels of hydrogen sulfide to put them into 
e 

ignificant ill effects, said the scientists.  "We are, in 
essence, temporarily converting mice from warm-blooded to cold-blooded creatures, 

nd off, 

g 
, and those awaiting organ transplants. It could help 

people suffering from severe fever, and also possibly help in treating cancer, by 

normally produced in humans and animals that scientists believe helps regulate body 
 activity. The mice' respiration and temperatures plunged 

rastically as they appeared to lose consciousness, the study noted. They were then 

erally 

d.  

.  

oth 

of 
bbits 

 

 6 

ficantly 

hibernation, suspending most metabolic activity, Science magazine said. Later th
mice were revived showing no s

which is exactly the same thing that happens naturally when mammals hibernate," said 
lead investigator Mark Roth.  "We think this may be a latent ability that all mammals 
have -- potentially even humans -- and we're just harnessing it and turning it on a
inducing a state of hibernation on demand," said Roth.  

In a hibernation-like state, cellular activity almost stops completely, reducing the 
organism's need for oxygen.  

Applied to humans, this could gain valuable time for critically ill patients in operatin
rooms, injured soldiers on battlefields

protecting normal cells during radiation and chemotherapy, according to Roth.  

For the mice, the artificial hibernation was induced using hydrogen sulfide, a chemical 

temperature and metabolic
d
revived with little apparent effect.  

"Today, physicians have no way of dealing with uncontrolled fever other than lit
putting people on ice. Well, we believe we know how to flip the breaker on the patient's 
furnace. If they have a fever, we believe we know how to stop it on a dime," Roth sai

6.3.9 Iron Overload 
 
It has been suggested that iron plays an important role in the pathogenesis of 
atherosclerosis, primarily by acting as a catalyst for the atherogenic modification of LDL
Although some epidemiological data suggest that high stored iron levels are an 
independent risk factor for coronary artery disease and that iron has been detected in b
early and advanced atherosclerotic lesions, the evidence is often contradictory and 
inclusive.  Researchers used the New Zealand White rabbit to investigate the effects 
iron overload (FeO) and iron deficiency (FeD) on atherosclerosis.  Groups of 7 ra
were either iron loaded by injections of iron dextran (FeO group), iron depleted by
phlebotomy (FeD group), or given injections of saline (control group) for a total of 9 
weeks.  All rabbits were fed a chow diet containing 1% (wt/wt) cholesterol for the last
weeks of the study.  FeD significantly decreased the levels of blood hemoglobin, 
serum iron, and transferrin saturation compared with controls.  FeO signi
increased transferrin Fe saturation.  FeO but not FeD decreased plasma cholesterol 
levels compared with control animals both before (P < .05) and after (P = .055) 
cholesterol feeding.  Neither FeO nor FeD had a significant effect on the levels of 
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antioxidants and lipid peroxidation products in plasma and aortic tissue or on the 
susceptibility of LDL to ex-vivo oxidation.  FeO significantly decreased aortic arch 
lesion formation by 56% compared with controls (P < 0.5), whereas FeD had no 
significant effect.  These results indicate that in this animal model, FeO decreased
rather than increases ath

 
erosclerosis, likely because iron dextran exerts a 

ypocholesterolemic effect.  The data did not support the hypotheses that elevation of Fe 

ic 

Atherogenesis in rodents is accompanied by increasing lipid peroxidation in vivo.  Two 

 factor 

hanges 

challenge or correct this diseased condition. 

)  
rebral 

). 

 by treatment with 
polyethylene-glycolated SOD or probucol.  Long term administration of high 

 

 mice:  implications for interactions between peroxynitrite 
and tetrahydroproteins.  Circulation  2001; 103: 1282-1288).   

nutes.  
ith 

jor 

h
stores increases or that a reduction of Fe stores by phlebotomy decreases the risk of 
coronary artery disease (Dabbagh, A.J., Shwaery, G.T., Keaney, J.F. Jr. and Frei, B.  
Effect of iron overload and iron deficiency on atherosclerosis in the hypercholesterolem
rabbit.  Arterioscler Thromb Vasc Biol  1997; 17(11): 2638-2645).  Further, I believe 
that this directly contradicts the Free Radi-Crap theory, which states that increased 
iron loads should increase EMODs, increase hydroxyl radical production and 
increase atherosclerosis. 
 

recent studies using homozygous disruption of p4/phox or gp91phox to inactivate the 
phagocytic NADPH oxidase in ApoE mice showed no effect on lesion development in 
the ascending aorta.  I believe that the timing of the increased EMODs is a key
in understanding the scenario of atherosclerosis and evidence indicates that there is 
an initial increase in antioxidant enzymes which precedes atherosclerotic c
and “allows” for the formation of lesions.  The body then reacts oxidatively to 

 
A gp91phox –containing NADPH oxidase is the critical link between amyloid (Aβ  

peptide and cerebrovascular dysfunction, which may underlie the alteration in ce
blood flow regulation observed in Alzheimer’s disease (AD) patients (Park, L., 
Anrather, J., Zhou, P., Frys, K., Pitstick, R., Younkin, S., Carlson, G. A. and Iadecola, C.  
NADPH oxidase-derived reactive oxygen species mediate the cerebrovascular 
dysfunction induced by the amyloid B peptide.  J  Neurosci 2005; 25(7): 1769-1777
 
In rabbits fed cholesterol for a period of weeks, O2

.- is increased in the aorta, leading to 
impaired endothelial-dependent relaxation that can be reversed

cholesterol diet leads to persistent elevation of O2
.- and continued inactivation of 

NO.  Warnholtz et al, showed that vascular NADPH oxidase activity is increased 2-fold 
and is in part responsible for the increase in O2

.- .  Recent studies in ApoE deficient 
mice also implicate uncoupling of eNOS as a mechanism of O2

.- production in
atherosclerosis (Laursen, J.B., Somers, M., Kurz, S. et al.  Endothelial regulation of 
vasomotion in apoE-deficient

 
A remarkable increase in O2

.- production occurs immediately after balloon injury, and 
levels remain 20-fold higher than those in control uninjured arteries for up to 10 mi
Glutathione levels fall by roughly 60% within 30 minutes after injury, coincidental w
medial cell apoptosis.  I believe that this illustrates my point that the primary 
response that the body has to injury is an oxidative one.  After all, what other ma
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response is there to injury? 
 
Exposure to secondhand smoke also impairs acutely coronary endothelial function 

, 
., 

 

sis?  
so 

). 
oxide 

In 
 its 

O2.  Since H2O2 is ultimately responsible 
r the activation of NF-KB, increased generation of NO is likely to be antiatherogenic 

n or bioavailability of NO, 
besides impairing endothelium-dependent vasodilation, would favor endothelial 

-
; 

tion (Li 
n-

its role in 

nge 

(Otsuka, R., Watanabe, H., Hirakta, K., et al.  Acute effects of passive smoking on the 
coronary circulation in healthy young adults.  JAMA  2001; 286: 436), and acute 
smoking is associated with a rapid depletion of endogenous nitrate and nitrite
reflecting decreased NO. generation and endogenous antioxidants (Tsuchiya, M
Asada, A., Kasahara, E., et al.  Smoking a single cigarette rapidly reduces combined 
concentrations of nitrate and nitrite and concentrations of antioxidants in plasma.  
Circulation  2002; 105: 1155-1157). 

Endothelium-derived nitric oxide (NO), a major mediator of endothelium-dependent 
vasodilation, has important anti-inflammatory and antithrombotis properties, i.e., 
inhibiting leukocyte adhesion, limiting platelet adhesion and aggregation, and the 
expression of  plasminogen activator inhibitor-1 (PAI-1) a prothrombotic protein 
(Landmesser, U., Hornig, B. and Drexler, H.  A critical determinant in atherosclero
Circ 2004; 109: 11-27).  I believe that H2O2, singlet oxygen and superoxide anion al
have important influence on these same antithrombotic properties.  
 
The reaction between superoxide anion (O2

.-) and nitric oxide (NO) is probably the 
fastest reaction in the body, about three times faster than the enzymatic dismutation of 
superoxide to hydrogen peroxide (H2O2) catalyzed by superoxide dismutase (SOD
Endothelial dysfunction is characterized by both an increased production of super
and a reduced bioavailability of NO.  This last may partially derive from the rapid 
formation of peroxynitrite (ONOO-) in the presence of increased generation of O2

.-  
the presence of NO, lesser H2O2 is formed due to a diversion of superoxide from
spontaneous or enzymatic dismutation to H2
fo
due to inhibition of NF-KB.  Conversely, decreased productio

activation and atherogenesis (Endothelial activation and the loss of endothelium
dependent vasodilation: two faces of the same basic derangement.  Eur Heart Suppl 2003
5(A): 21-22).  I believe that the effect of decreased NO, due to its reaction with 
superoxide anion, results in the effects of decreased levels of O2

.- and decreased 
levels of NO., with the formation of ONOO. 
 
6.3.10 Increased EMODs Stimuli:  Ischemia-Reperfusion 
 
Interpretation of evidence is believed to show that ischemia-reperfusion, which 
frequently occurs in narrowed atherosclerotic arteries, increases EMODs genera
D, Williams V, Liu L, Chen H, Sawamura T, Romeo F, Mehta JL. Expression of lecti
like oxidized low-density lipoprotein receptors during ischemia-reperfusion and 
determination of apoptosis and left ventricular dysfunction. J Am Coll Cardiol 2003; 41: 
1048–1055). At the molecular level, signaling in response to pro-atherogenic agents 
requires, as well as causes, generation of EMODs (Patterson C, Madamanchi NR, Ru
MS. The oxidative paradox: another piece in the puzzle. Circ Res 2000; 87: 1074–1076).  
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Proatherogenic agents comprise a large variety of molecules. It has been identified that 
cytokines, including tumor necrosis factor-γ (TNF-γ), interferon-γ (IFN-γ), 
interleukin-1,-6 (IL-1, IL-6), and angiotensin II (Ang II) (Watanabe Y, Suzuki O
Haruyama T, Akaike T. Interferon-gamma induces reactive oxygen species and 
endoplasmic reticulum stress at the hepatic apoptosis. J Cell Biochem 2003; 89: 244–253
(Cheng TH, Cheng PY, Shih NL, Chen IB, Wang DL, Chen JJ. Involvement of reactive
oxygen species in angiotensin II-induced endothelin-1 gene expression in rat cardiac 
fibroblasts. J Am Coll Cardiol 2003; 42: 1845–1854) stimulate intracellular generatio
of EMODs. High levels of low-density lipoprotein (LDL), especially in the form o
oxidized low-density lipoprotein (ox-LDL), have also been shown to increase 
intracellular EMODs generation (Cominacini L, Garbin U, Pasini AF, Davoli A, 
Campagnola M, Pastorino AM, et al. Oxidized low-density lipoprotein increases the 
production of intracellular reactive oxygen species in endothelial cells: inhibitory effect 
of lacidipine. J Hypertens 1998; 16:1913–1

, 

) 
 

n 
f 

919).  In addition, growth factors, such as 
platelet-derived growth factor (PDGF) and epidermal growth factor (EGF) as well 

nic signaling by vascular endothelial growth factor receptor-2/KDR. 
J Biol Chem 2002; 277: 3101–3108) (Sundaresan M, Yu ZX, Ferrans VJ, Sulciner DJ, 

n of reactive-oxygen-species generation in fibroblasts 
by Rac1. Biochem J 1996; 318: 379–382).  

ing 

io, 

l 
r 

imated that the incidence of non-
traumatic AAO is around 14 cases per 100,000 inhabitants, and this number tends to get 

 expectation and the increasing incidence 
of the atherosclerotic disease. The AAO is a severe condition that affects especially the 

y, like 
isks 

Clinical and biochemical course of Ischemia 

as vascular endothelial growth factor (VEGF), and hormones, such as insulin, all 
greatly induce intracellular EMODs generation (Colavitti R, Pani G, Bedogni B, 
Anzevino R, Borrello S, Waltenberger J. Reactive oxygen species as downstream 
mediators of angioge

Gutkind JS, Irani K, et al. Regulatio

Some of the following material was excerpted, abstracted or modified from the follow
excellent review article: M da Silveira, W B Yoshida. Ischemia and reperfusion in 
skeletal muscle injury mechanisms and treatment perspectives. Jornal Vascular Brasil
2004;3(4):367-78). 

Acute Arterial Occlusion (AAO) 

This disease causes serious problems including many limb amputations and death. 
Ischemia leads to muscle cell energy failure, inflammatory reaction, and biochemica
alterations. The acute arterial occlusion (AAO) is the most common of all vascula
diseases, accounting for 10 to 16% of cases. It is est

higher due to an increase in the population's life

elder population, which already suffers with other problems that increase morbidit
diabetes, hypertension, and coronary or pulmonary diseases. In this population, the r
of limb amputation are around 10 to 30%, and of death is 15%, approximately. The 
pathophysiological phenomena involved in AAO are closely associated with 
ischemia and reperfusion of the skeletal muscle. 
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The occlusion of an artery immediately triggers an intense distal vasospasm, 
followed by proximal and distal secondary thrombosis. Due to stasis and loss of 
endothelial function, the thrombus occludes the collateral circulation, worsening the 
ischemia event. Deep venous thrombosis may occur in parallel, as a result of the slow 
venous flow and hypoxia, affecting the tissues patency (Dormandy J, Heeck L, Vig S, et 
al. Acute limb ischemia. Semin Vasc Surg 1999;12:148-53).  

The intensity of the ischemia event will depend on the level of the arterial occlusion, of 
the collateral circulation and of the amount of oxygen required by the tissues involved. 
This is the reason why the ischemia time is crucial to determine the injuries intensity and 

 

ppleton 

gy 
f 

. 

ate, and reduction of pH, adenosine triphosphate (ATP) and creatine (40% 
of the normal amount). After 3 hours of ischemia, the ATP levels fall drastically and 

t 

 

B. 

 gradient of the cells 
is altered, with potassium and magnesium release and sodium and calcium input into the 

nto 

the limb patency. The muscular tissue responds for almost 80% of the inferior limb mass 
and it has medium resistance to ischemia; nerves are less resistant; tendons, bones and
skin are the most resistant tissues (Haimovici H, Ascer E, Hollier LH, Strandness Jr DE, 
Towne JB. Vascular Surgery - Principles and techniques. 3rd ed. Stamford, CT: A
& Lange; 1985. p. 330-408). Muscles are more resistant to ischemia than nerves because 
of their low metabolic activity at rest, the large storage of glycogen and high-ener
phosphates, and because of their capacity to maintain basic cellular functions by means o
the anaerobic glycolysis. 

At the onset of ischemia, the biochemical alterations in the basic cellular functions can be 
reversed, however, when the ischemia time is longer, another sequence of reactions is 
triggered as a consequence of cellular energetic failure (Quinones BWJ, Saleh S. Acute 
arterial occlusion. In: Moore WS. Vascular Surgery. A Comprehensive Review
Philadelphia: WB Saunders Co.; 1991;33:578-97). The anaerobic metabolism prevails 
up to two hours of ischemia, increasing the amount of lactate and inorganic 
phosph

acidosis gets worse. Some authors believe that when reperfusion is made within three 
hours of ischemia, the ATP levels can be restored with no tissue injuries (Morin D, Haue
T, Spedding M, Tillement J. Mitochondria as target for anti-ischemic drugs. Adv Drug 
Deliv Rev 2001;49:151-74). The time needed to deplete all ATP reserves is not precise,
but it has been already demonstrated that ischemia time over 5 hours causes 
irreversible ischemia (Ferrari R. Pathophysiological vs biochemical ischaemia: a key to 
transition from reversible to irreversible damage. Eur Heart J Supp 2001;3 Suppl:C2-
C10).  

The ATP synthesized by the anaerobic metabolism maintains the ion pumps, the 
membrane potential and the contractile function, although the production of lactic 
acid infuses into the interstitial space, causing edema and academia (Yoshida W
Radicais livres na síndrome da isquemia e reperfusão. Cir Vasc e Angiol 1996;N12:82-
95). When this energetic source is over, the pumps fail and the ionic

intracellular medium, causing edema in the cell, matrix or mitochondrial crests. The 
increased intracellular calcium activates the cytoplasmatic proteases (calpain). In 
combination with the high concentration of hypoxanthine resultant from the uninterrupted 
degradation of ATP, the proteases convert the enzyme xanthine dehydrogenase i
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the oxidase enzyme. This enzyme has an important role in reperfusion injuries. Calcium
also activates the lysosomal enzymes that impair organelles and the phospholipase
enzyme A2, which degradates the arachidonic acid, originating inflammation mediato
like: leukotrienes, prostaglandins, prostacyclins and thromboxanes. 

The leukotriene B4, produced by lipoxygenase enzymes, binds to specific receptors 
present in the neutrophils 

 
 

rs 

surface. It is then adhered and activated by means of the 
CD11/CD18 complex (clusters of differentiation). The leukotrienes C4 and D4 have been 

s 
y’s way 

s), 

, tissue 
 

ntain an 

inal electron acceptor. This reaction produces singlet oxygen 
molecules, which are extremely unstable. Using these molecules, secondary chemical 

e 
 

 Role 
 

 Surg 

The EMODs and the products of the inflammatory reaction attract neutrophils, which 
adhere to the endothelium. Adhesion occurs through an interaction between proteins like 
the selectins ELAM-1 and GMP-140) and immunoglobulin (ICAM-1 and VCAM-1), 
present in the endothelium, and proteins present in the neutrophil surface, known as 
leukocyte integrin (CD11 e CD18). Endothelium may become activated by cytokines, 

implicated as possible vasoconstrictors that impair perfusion. The cyclooxygenase 
pathway produces prostacyclin (PGI-2) in the endothelium; it is a vasodilator and 
also inhibits the platelet aggregation. Through this pathway, a great amount of 
thromboxane A2 is produced in the platelets. Thromboxane A2 is a potent platelet 
aggregator and vasoconstrictor that impairs the microcirculation. Of all the 
antagonistic affects of some endothelial and tissue mediators, in ischemia, 
vasoconstriction, endothelial injury, platelet aggregation, chemotaxis and neutrophil 
activation are prevalent.  

Paradoxically, although reperfusion is critical for reverting ischemia, it worsens injurie
that occurred during the ischemia period. However, I believe that this is the bod
of reacting to injury, any injury. The increased production of free-radicals (EMOD
especially by the xanthine oxidase system, and the intense participation of neutrophils 
increases the inflammatory reaction thereby promoting muscular edema formation
necrosis, and impairment of systemic clinical conditions and, sometimes, leads to limb
loss and even death (Gute DC. Inflammatory responses to ischemia and reperfusion in 
skeletal muscle. Mol Cell Biochem 1998;179:169-87). 

In the respiratory chain, the nicotinamide adenine dinucleotide phosphate (NADPH) is 
the final acceptor of electrons, producing water. This reaction is catalyzed by the 
xanthine dehydrogenase enzyme. After ischemia, tissues were shown to co
accumulation of xanthine oxidase. This enzyme uses the molecular oxygen, which is 
available as the f

reactions produce superoxide, hydrogen peroxide and hydroxyl. These EMODs start th
lipid peroxidation, which ends in the disintegration of membranes and consequent rupture
and death of the cell. Other forms of EMODs production are the catecholamine 
autoxidation and the neutrophil NADPH-oxidase enzyme (Kirshner RE, Fantini GA.
of iron and oxygen derived free radicals in ischemia-reperfusion injury. J Am Coll Surg
1994;170:103-17) (Welbourn CRB, Goldman G, Peterson JS, Valeri CR. 
Pathophysiology of ischemia-reperfusion injury: central role of the neutrophil. Br J
1991;78:651-5).  
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specially the interleukin, and the tumor necrosis factor (TNF). The leukocyte integrins are 
modulated by leukotrienes LTB4, by the complement system C5a and the platelet 
activation factor (PAF).  

 and 
 these 

tent 

 

uring 
 

n of 
muscle and pulmonary injury following hind limb ischemia-reperfusion. J Histochem 
Cytochem 2001;49:1055-6). The mast cells are activated by the systemic circulation of 
inflammatory mediators. They synthesize and release nitric oxide (NO), a free radical 
gas with vasodilating and anti-platelet aggregation actions; it is also toxic for 
bacteria. Paradoxically, the NO can damage tissues, as in contact with the superoxide it 
generates a reaction that produces peroxynitrite and nitrogen dioxide. It can start lipid 

0:423-31).  

ates, releasing large amounts of chemotactic 
mediators, it causes an intense migration of leukocytes to the blood vessels of ischemic 

to an 

Some experimental models of IR in skeletal muscle are described in the literature: dog 
al 

and rapid contraction) submitted to IR. The outcomes were 

When neutrophils adhere to the endothelium, they are activated and release 
different proteolytic enzymes, such as myeloperoxidases, proteases, collagenases
elastases, which damage tissues and modify the function of the endothelium. Of
enzymes, we call the attention to the myeloperoxidase, which can catalyze the reaction 
between the hydrogen peroxide and the chloride ion, producing hypochlorite, a po
oxidation agent (Oredson S, Ovarfordt P, Plate G. Polymorphonuclear leucocytes 
increase reperfusion injury in skeletal muscle. Int Angiol 1995;14:80-8).  

Cytokines of systemic action, like the TNF and interleukin-1, and metabolites of the 
arachidonic acid are released by activated neutrophils, increasing the inflammatory 
response by recruiting new cells. This way, mast cells in the interstitial space are 
activated and release granules containing histamine, proteases, proteoglycans,
prostacyclins, leukotrienes and kinins. These substances change the capillary patency, 
worsening the muscular and interstitial edemas. In the lungs, the mast cells are 
responsible for the formation of edema and promotion of hematogenesis, config
as a contributor factor of respiratory insufficiency in severe cases of post-ischemia and
reperfusion syndrome (IR) (Mukundan C, Gurish MF, Austen KF. Mast cell mediatio

peroxidation and potentiates inflammatory injuries in endothelial cells (Messina A, 
Knight KR, Dowsing BJ. Localization of inducible nitric oxide synthase to mast cells 
during ischemia/reperfusion injury of skeletal muscle. Lab Invest 2000;8

As the inflammatory response propag

tissues and consequent endothelial adhesion and activation. This can obstruct the 
microcirculation vessels and make ischemia even worse. 

Summing up, injuries resultant from ischemia followed by reperfusion occur due 
energetic failure of the cell, inflammatory reactions, and production of EMODs. Tissue 
mediators, neutrophils and mast cells contribute to potentialize injuries. 

Animal Study Models and Results 

gracilis muscle, rat cremaster muscle, dog hind limb, rat hind limb, and experiment
tourniquet ischemia. These models assessed muscles with different metabolic 
characteristics (slow 
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conflicting in the evaluation of ischemia resistance. It is worth mentioning that injuries 
were always worsened by reperfusion, regardless of the metabolic characteristics
the muscle. Thus, several aspects should be taken into account in the study of IR in the 
skeletal muscle, such as: animal studied, type of muscle, evaluation method, and ischemia
and reperfusion time.  

Different drugs and methods used to attenuate the mechanisms of IR lesions were 
studied. In a way, they allowed a better understanding of the IR pathophisiology and
possible treatments. 

Substances capable of neutralizing EMODs were also studied. Moreno (JB. Efeito de al
tocoferol na atenuação da lesão de isquemia-reperfusão em membro posterior do
[dissertação]. Botucatu: Faculdade de Medicina de Botucatu - UNESP; 1991), in a 
of rat limb with 4-hours ischemia and 2-hours reperfusion, proved that alpha-tocopherol 
prevented the edema formation but did not avoid histological injuries in muscles
However, in another study, tocopherol used before ischemia increased th

 of 

 

 of 

fa 
 rato 

model 

. 
e concentration 

of high-energy phosphates and the resistance to ischemia, also attenuating tissue injuries 

ol, 
 

ia-

 
cals, 
d 

ed. 
due to scavenging of the superoxide radical, which inhibits the 

adhesion molecules CD11b/CD18, and ICAM-1 (Lu S, Wang X, Wen L, Han Z. Effect of 

and 

. 
lso 

(Punz A, Nanobashvili J, Fuegl A. Effect of alpha-tocopherol pretreatment on high 
energy metabolites in rabbit skeletal muscle after ischemia-reperfusion. Clin Nutr 
1998;17:85-7). In the same line of neutralizers, the polivitaminic solution (tocopher
ascorbic acid, retinol and B complex) was tested in rabbit hind limbs undergoing IR. It
presented positive results only when used before ischemia, reducing edema and 
malondialdehyde (MDA) and improving microcirculation. These effects were not 
observed when the solution was administered before reperfusion (Punz A, Nanobashvili 
J, Neumayer C. Multivitamin administration before ischemia reduces ischem
reperfusion injury in rabbit skeletal muscle. Clin Nutr 1999;18:219-26).  

The superoxide dismutase enzyme has been the endogenous scavenger which has been
submitted to the majority of experimental studies. It acts over the superoxide radi
converting them into hydrogen peroxide and then they are converted to water an
oxygen. Lu et al. performed an experimental study with transgenic rats that produced 
superoxide dismutase. The hind limb was submitted to IR and injuries were attenuat
This was probably 

superoxide dismutase on adhesion molecules expression in skeletal muscle 
ischemia/reperfusion injury in rats. Zhonghua Yi Xue Za Zhi 2002;82;840-3). Bowler & 
MacLaughlin tested the use of recombinant superoxide dismutase in a model of IR in the 
cremaster muscle of rats. They tested the muscle function with electric stimulation 
observed it was maintained after the first 48 hours. Nevertheless, after 7 days of 
reperfusion, results got similar to the control group (Bowler DJ, McLaughlin R. 
Recombinant human manganese superoxide dismutase attenuates early but not delayed 
skeletal muscle dysfunction following reperfusion injury. Eur J Vasc Endovasc Surg 
1999;18:216-21).  

Other drugs, routinely used in the clinical treatment of several diseases, were also tested
We highlight the use of pentoxifylline, a xanthine that inhibits phosphodiesterase. It a
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increases the availability of c-AMP (cyclic adenosine monophosphate), thereby reducing
the release of cytokines, increasing the release of prostacyclins and decreasing the 
formation of FR, attenuating injuries resultant from IR. In a model of IR of the skeletal 
muscle of rats and dogs, c-AMP improved the transmembrane potential and the 
microcirculation, and reduced edema and leukocytes adhesion. The necrosis area and the 
production of PAF also decreased. Carvedilol is a nonselective beta-adrenergic blocki
agent with antioxidant properties used in the management of heart failure. The use of 
carvedilol in rat hind limbs undergoing IR reduced the necrosis areas after 3 hours and 1
minutes of ischemia and 72 hours of reperfusion (Hvaal K, Mathisen SR, Svindland A. 
Carvedilol reduces ischemic skeletal muscle necrosis. J Orthop Res 1999;17:720-4). 
Verapamil is routinely used to treat arrhythmias. It was compared to deferoxamine, an
iron chelating agent, and was shown to improve the muscular function (strength and 
contraction time) in a model of IR in rat limbs (Salm T, Sutter PM, Marx A. Effects of
verapamil on skeletal muscle function following ischemia and reperfusion. Eur Surg 
1996;28:75-9). It was not shown to be better than deferoxamine (Grossfeld S, Firrel JC
The effect of deferoxamine on ischemic changes in rat skeletal muscle: a preliminary 
study. J Invest Surg 1992;5:375-81). Another branch of experiments in the treatment of 
muscular IR analyzed the essential amino acids. Glycine is a neutral amino acid with 
cell-protective c

 

ng 

5 

 

 
Res 

. 

haracteristics in the kidney, small intestine and liver. Ascher et al. 
used an isolated dog gracilis muscle undergoing IR. They demonstrated that the group 
managed with glycine presented edema reduction (weight before and after 48-hour of 
reperfusion). The necrosis areas were also attenuated; contraction and muscle strength 
were maintained and measured with tension transducers connected to tendons and by 
analyzing the response to electric stimuli (Ascher E, Hanson JN, Cheng W. Glycine 
preserves function and decreases necrosis in skeletal muscle undergoing ischemia and 

te, 
se 

 

thors verified that pretreatment with adenosine could 
slightly reduce the production of EMODs, but it did not attenuate histological changes. 

ne-
Inosine 

me 
, as 

 

reperfusion injury. Surgery 2001;129:231-5). Positive results are claimed to be due to an 
increased ATP resultant from higher storage of energy in the form of creatine-phospha
preserving the mitochondrial integrity and maintaining the mechanism of cellular defen
more effective. 

Adenosine is an inhibitor of the transformation of xanthine dehydrogenase into xanthine
oxidase, consequently reducing the production of EMODs. After 4 hours of ischemia and 
15 minutes of reperfusion, the au

Inosine was also tested. It is a metabolite resultant of adenosine break by the adenosi
deaminase enzyme which has more active and stable and has longer half-life. 
accumulates in skeletal muscles after endovenous injection. In normal conditions, it is 
almost undetectable and increases with inflammation. It has anti-inflammatory action and 
inhibits the cytokines production, acting in the adenosine-receptors. In the hind limb of 
rats submitted to 2 hours of ischemia and 3 hours of reperfusion, inosine reduced so
cytokines (TNF-alpha; MIP-2), the myeloperoxidase and the intensity of tissue edema
compared to the control group.  

There are a number of reports that highlight the importance of NO in the endothelial
function, protection of microcirculation and angiogenesis, thereby an increase in the 
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production of NO would reduce tissue lesions after IR periods. Quercetin, a 
bioflavonoid that scavenges superoxide and increases NO concentration, was used i
an IR model of rabbit skeletal muscle. It was shown to improve microcirculation,
the EMODs production (superoxide dosage) and maintained the levels of NO elevated , 
as compared to the control (Huk I, Brovkovych V, Nanobasch Vili J. Bioflavonoid 
quercetin scavenges superoxide and increases nitric oxide concentration in ischemia-
reperfusion injury: an experimental study. Br J Surg 1998;85:1080-5).  

Transgenic rats with a high e

n 
 reduced 

xpression of the endothelial NO-synthetase gene were 
submitted to limb IR. Due to the superproduction of NO, there was not an increase of the 

s 
 

en 

 in 

a study performed with rabbits submitted to 2 hours and 30 minutes of ischemia followed 
by 2 hours of reperfusion, as compared to the control groups. This potent vasodilator also 
maintained the concentrations of NO close to the pre-ischemic values. Prostaglandin E1 
acts in the endothelium and preserves the function of the NO-synthetase enzyme. It 
maintains the adequate levels of NO to protect the cell with no additional damage. L-
Arginine was tested in a rat model undergoing 4 hours of ischemia and 24 hours of 
reperfusion, as compared to a well known inhibitor of the NO-synthetase enzyme, L-
NAME. In tests of tissues viability, the results confirmed that NO protects the cell.  

Another approach toward the reduction of IR injuries is about ischemic preconditioning. 

Some studies evidenced that when the muscular tissue is submitted to repeated cycles 
of IR, it presents less intense injuries as compared to the control group. Saita et 
al.(Saita Y, Yokoyama K, Nakamura K. Protective effect of ischemic preconditioning 
against ischemia-induced reperfusion injury of skeletal muscle: how many 
preconditioning cycles are appropriate? Br J Plast Surg 2002;55:241-5), in a study to 
assess the muscle viability with the tetrazolium salts technique, reported that three to five 
cycles of 10-minutes IR protected the cell more than one or two cycles before a long 
period of 4 hours of ischemia and 24 hours of reperfusion of the hind limb of Wistar rats. 
Ischemia preconditioning increases the availability of adenosine, because as it is a 
product of ATP degradation and a mediator of the A1 receptor activation, it stimulates 
the opening of ATP-sensible potassium channels, favoring the input of potassium in the 
cell and hyperpolarizing the membrane. Other probable benefits would be: increase in the 
collateral blood flow, reduction of neutrophils free radicals, increase in the endothelial 
production of NO and prostacyclin, intensification of production and release of stress 

superoxide radical. Moreover, researchers reported a reduction in the expression of 
leukocyte adhesion proteins (ICAM1 e VCAM1), besides it improved cohesion among 
the endothelial cells, decrease of tissue invasion by neutrophils and liquid enters 
interstitial space, as a consequence of reduction of vascular patency. Tissues viability wa
considerably better in transgenic rats than in the control group. Viability was identified
with tetrazolium salts, which color viable and necrosis tissues differently. They can th
be assessed quantitatively through microscopy or morphometry, or through the 
colorimetric method in a spectrophotometer. This technique has been extensively used
the protocols of IR studies. 

The use of prostaglandin E1 decreased the superoxide and peroxynitrite concentrations in 
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proteins, which increase the resistance to infarct, and probably involving the protein 
Kinase C (PKC). Downey & Cohen (Harkin DW, Barros D'Sa AA. Ischemic 
preconditioning before lower limb ischemia-reperfusion protects against acute lung 
injury. J Vasc Surg 2002;35:1264-73) proposed another schema to explain the protectio
mechanism triggered by the ischemia preconditioning. They say that the receptors of the
cells surface would be activated and would add a protein G to the phospholipase C, 
producing diacylglycerol. Diacylglycerol would activate PKC, wh

n 
 

ich would produce a 
local and systemic anti-inflammatory effect that would also protect the lung. 

Neutrophils are highly important in the mechanisms of IR injuries. Neutralizing 
antibodies of the adhesion protein CD18 were tested in short periods of muscle ischemia 
and presented positive results. However, in longer periods of terminal aorta grasping 
(over 45 minutes) in rats, the neutrophils activation happened with no mediation of the 
cellular adhesion complex CD18 (Iwata A, Harlan JM. The caspase inhibitor z-VAD is 
more effective than CD18 adhesion blockade in reducing muscle ischemia-reperfusion 
injury: implication for clinical trials. Blood 2002;100:2077-80).  

One of the mechanisms that cause cellular death resultant from IR is the activation 
of the caspase cascade (cysteine-derived proteases), determining cellular injuries that are 

ent 

 

 
 the 

production of neutrophilic peroxynitrite. This drug was tested in an experimental model 
of IR of hind limb of rabbits submitted to 3 hours of ischemia by iliac artery grasping and 
2 hours of reperfusion. The results of this methodology were based on the amount of 
nitrotyrosine in the tissues. This substance is a precursor of peroxynitrate, so, indirectly; 
it is possible to quantify the reduction of peroxynitrate and its injuries, once this anion is 
significantly produced with neutrophil superoxide and nitric oxide. When the muscular 
tissue is treated with monoclonal antityrosine antibodies and analyzed through 
computerized morphometry, it allows the comparison between treated groups and the 
control. The clinical use of this drug will depend, however, on further studies.  

MDA, 

not reversible with the DNA break. In this context, an inhibitor of protease z-VAD (Z-
Val-Ala-DL-Asp-fluoromethylketone) was tested in a model of IR in rats. The IR ev
was produced as a result of infrarenal aortic cross-clamping. In the comparison of groups 
treated with CD-18 blockade and z-VAD, the inhibitor of proteases was more cell 
protective, regardless of the ischemia time, which varied from 15 to 120 minutes. This
measurement was taken by analyzing the intensity of DNA injury and the dosages of 
creatinine phosphokinase. The study reported should open new research possibilities 
regarding the use of this proteases.  

Another alternative for IR injuries treatment is the immunoglobulin G-anti-Pecam 1. It
decreases the transendothelial migration of the neutrophil, reducing injuries and

The gradual and controlled reperfusion is a cost-effective and easily performed technique 
developed with the aim of slowly taking oxygen to ischemic tissues, decreasing 
reperfusion injuries. The authors compared groups of rapid reperfusion and gradual 
reperfusion; at each 30 seconds 25% of the initial arterial blood flow was released. 
myeloperoxidase and histology were evaluated. The study concluded that this technique 
attenuated the effects of IR by reducing leukocytes activities and the production of 
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superoxide radicals (Unal S, Ozmen S. The effect of gradually increased
ischemia-reperfusion injury. Ann Plast Surg 2001;47:412-6).  

Starting from a similar principle, controlled reperfusion has been used to prevent limbs 
amputation and reduce systemic alterations. It consists of starting reperfusion with 
reduced blood flow and using reperfusion solutions that comprise the multifactorial IR 
aggression. The composition of these solutions aim at limiting the calcium inflow, 
controlling hyperosmolarity, decreasing the FR production, increasing the concentration 
of glucose, restoring the intermediate amino acids in the citric acid cycle (aspartic and 
glutamic acids) and reversing the tissue acidosis with a buffer solution 
[tris(hydroxymethyl)methylamine]. Besides the drugs presented above, others we

 blood flow on 

re tested 
in the reperfusion solution, as prostaglandin E1 (vasodilator) or the oxypurinol (inhibitor 
of xanthine oxidase) in an experimental work with rats. It presented histologic alterations 
and decreased tissue lipoperoxidation, which was assessed by analyzing the dosage of 
MDA. An endothelium receptor antagonist, Bosentan, presented positive results in the 
controlled reperfusion, it reduced the tissues necrosis by increasing the number of patent 
capillaries, which is, reducing the spasm the endothelium generates. Before restoring the 
normal blood flow in the operated extremity, some other factors should be controlled, 
besides the type of solution used. They are: the pressure of reperfusion (smaller than 50 
mmHg), and temperature, which should be kept at 37° C and time (30 minutes). 

d 

 

omboxane synthetase, which reduces the leukocytes 
activities; S-nitrose human serum albumin and S-nitroso-N-acetylcysteine, which 

ilability of NO and have an antioxidant action.  

, as it 

d skeletal muscle injury. Plast Reconstr Surg 
1996;97:602-7) (Sirsjo A, Lehr HA, Nolte D. Hyperbaric oxygen treatment enhances the 

 muscle. 

gs and/or techniques in reperfusion injuries attenuation following 
ischemia, there are not many clinical trials. 

Other articles report the experimental use of a number of other substances that are aime
to attenuate IR injuries, like reperfusion with low leukocyte accumulation blood; 
acidic fibroblast growth factor (aFGF) as calcium inflow regulator; cyclosporin A as
an immunodepressive; allopurinol as inhibitor of xanthine oxidase; inhibitor of 
TNF-alpha; inhibitor of thr

increase the ava

Hyperbaric oxygen treatment has also been tested and presents positive outcomes
reduces injuries and improves microcirculation (Haapaniemi T, Nylander G, Sirsjo A. 
Hyperbaric oxygen reduces ischemia-induce

recovery of blood flow and functional capillary density in postischemic striated
Circ Shock 1993;40:9-13).  

Clinical Trials 

Although there are a wide number of experimental studies showing the enormous 
potential of different dru

Mannitol seems to be the most tested drug, as it has a beneficial action in the 
microcirculation and neutralizes the hydroxyl radical. However, it was not shown to 
reduce tissue injuries or neutrophil adhesion and infiltration, despite the tissue 
patency occurring only after 60 minutes reperfusion and so has not been used with this 
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purpose Schlag MG, Clarke S, Carson MW. The effect of mannitol versus dimethyl 
thiourea at attenuating ischemia/reperfusion-induced injury to skeletal muscle. J Vasc 
Surg 1999;29:511-21).  

Propofol is an endovenous anesthetic with antioxidant action that was used to 
attenuate lesions resultant from 60 minutes of ischemia followed by 20 minutes 
reperfusion in orthopedic surgeries. A 5 mg per kg weight was injected during ischemia. 
This study compared the concentrations of MDA, uric acid and catalase in the muscle 
tissue; the first two were reduced as compared to the control. Catalase dosages were not 
altered in the groups with ischemia, evidencing that propofol is effective in the reduction 

e 

versal by controlled 
limb reperfusion - a case report. Vasc Surg 2001;35:149-55).  

 
 

n 
, similar to the solution used 

in cardioplegia. A positive result with total recovery of the limb function was achieved, 

eported 

es with normal function restored and without systemic complications or 
compartmental syndrome was reported.  

The pathophysiology of IR is multifactorial and interdependent. The ideal treatment 
prove 

t, 

Since many authors believe that EMODs are widely known to be involved in the 
at antioxidant therapies are reportedly 

of lipid peroxidation products.  

Ihnken et al. reported a clinical case where they used the technique and solution of 
controlled reperfusion in 16-year-old patients. They have undergone complications in th
surgical procedure, with 6-hour ischemia in the right lower limb. After controlled 
reperfusion, they had total recovery of the limb function with no systemic alterations 
(Ihnken K, Wildhirt S, Hill B. Skeletal muscle reperfusion injury: re

Vogt et al. Vogt PR, von Segesser LK, Pagotto E, Lijovic T, Turina MI. Simplified, 
controlled limb reperfusion and simultaneous revascularization for acute aortic occlusion.
J Vasc Surg 1996;23:730-3) also reported a clinical case in which an elder patient, with
terminal aorta occlusion for 24 hours was submitted to aortofemoral revascularizatio
concomitant with reperfusion with low-potassium solution

with no need of fasciotomy or presence of systemic complications. 

Bayersdorf et al. (Beyersdorf F, Mitrev Z, Ihnken K. Controlled limb reperfusion in 
patients having cardiac operations. J Thorac Cardiovasc Surg 1996;111:873-81) r
a case in which 19 patients with serious and prolonged ischemia in the lower limbs after 
cardiac surgery were managed with controlled reperfusion. A successful outcome of 
84% of cas

should comprise as much as possible injuries mechanisms, thereby they should: im
the tissues resistance to ischemia; be able of reducing the FR production and scavenge 
them; inhibit the neutrophil and cytokines activation, as well as the activation of 
inflammation mediators; scavenge toxins produced in the anaerobic metabolism and, las
perform all these actions at the onset of reperfusion, when the patient is administered the 
treatment. 

6.3.11 Antioxidant Therapies in Atherosclerosis 

progression of atherosclerosis, it is not surprising th
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one of the most effective and promising strategies against atherogenesis. To date, there 
ts, 
T1R 

5) peroxisome 
ceptor-γ (PPAR-γ) ligands.  Clinical results are quite 

sial (Matkovics A. Antioxidants and vascular diseases. Orv Hetil 2003; 144: 

thelial Cell Superoxide Generation 
 

o 

ytokines  

erosclerosis 
d 

g and 

lignant neoplasms and 
cardiovascular disease.  N Engl J Med  1996; 334: 1145-1149) (Hennekens, C.H., Buring, 

Engl J Med  2000; 342: 154-160) (Waters, 
D.D., Alderman, E.L., Hsia, J., et al.  Effects of hormone replacement therapy and 

n:  

 
rosis and indicators 

are at least five anti-atherosclerotic agents that have exhibited anti-oxidant effec
albeit to varying degrees (1) probucol; (2) HMG-CoA reductase inhibitors; (3) A
blockers and ACE inhibitors; (4) vitamins E and C; and (
proliferator-activated re
controver
475–481). 

6.3.12 Endo

Recent studies indicate that a major source of endothelial O2
-., involved in redox 

signaling is a multicomponent phagocyte-type NADPH oxidase that is subject t
specific regulation by stimuli such as: 
-oscillatory shear stress  
-hypoxia  
-angiotensin II  
-growth factors  
-c
-and hyperlipidemia.   
Depending on the level of oxidants generated and the relative balance between pro- and 
antioxidant pathways, EMODs may be involved in cell growth, hypertrophy, 
apoptosis, endothelial activation, and adhesivity, for example, in diabetes, 
hypertension, atherosclerosis, heart failure, and ischemia-reperfusion (Li, J.M. and 
Shah, A.M.  Endothelial cell superoxide generation: regulation and relevance for 
cardiovascular pathophysiology.  Am J Physiol Regul Integr Comp Physiol  2004; 
287:R1014-1030). 
 
Proof of principle of the efficacy of antioxidants, or of interfering with systems that 
generate EMODs, has been attempted in animal models of atherogenesis, ath
regression, and reperfusion injury.  Yet, after decades of research, most have reache
disappointing conclusions, again illustrating the repeated failures of antioxidant 
therapy and repeatedly demonstrating that the Free Radi-Crap theory is wron
misleading. (Hennekens, C.H., Buring, J.E., Manson, J.E., et al.  Lack of effect of long 
term supplementation with beta carotene on the incidence of ma

J.E., Manson, J.E., et al.  Lack of effect of long term supplementation with beta carotene 
on the incidence of malignant neoplasms and cardiovascular disease.  N Engl J Med 
1996; 334: 1145-1149) (Yusuf, S., Dagenais, G., Pogue, J., et al.  Vitamin E 
supplementation and cardiovascular events in high risk patients:  the Heart Outcomes 
Prevention Evaluation Study Investigators.  N 

antioxidant vitamin supplements on coronary atherosclerosis in postmenopausal wome
a randomized controlled trial.  JAMA  2002; 288: 2432-2440). 
 
Myeloperoxidase-catalyzed lipid peroxidation is resistant to inhibition by vitamin E
(Heinecke, J.W.  Oxidized amino acids:  culprits in human atheroscle
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of oxidative stress.  Free Radic Biol Med  2002; 32: 1090-1101) (Griendling, K.K. and 
ry  Part II:  animal and human 

studies.  Circulation  2003; 108: 2034-2040). 

nts 
hemical mechanisms for 

HBO, hyperoxia, PDT, and the Howes’ singlet oxygen therapy system, in that they 

are some of the newest additions to the family of 
econd-messenger molecules.  Although one EMOD, nitric oxide (NO-), has been 

y activation guanylate cyclase, it has 
only recently become apparent that other EMODs, including superoxide (O2

-.) and 
mes as 

hat they can mediate agonist-stimulated signaling.  
This section will discuss redox-sensitive signaling cascades in vascular cells; their 

vascular disease. 

tion and Metabolism of EMODs 

f vascular cells produce O2
-. and H2O2 (Griendling, K. K., 

d Ushio-Fukai, M.  NAD(P)H oxidase: role in cardiovascular biology and 

nd NAD(P)H oxidases.   
ted 

 oxidase(s), are the primary physiological producers of EMODs in 
ity of these enzymes can be modulated by 

FitzGerald, G.A.  Oxidative stress and cardiovascular inju

 
We have seen over and over again that factors which increase EMODs result in the 
regression of atherosclerotic lesions and that vitamin supplements and antioxida
fail to do so.  There is a point of convergence in the bioc

all increase production of EMODs, especially O2
.-, H2O2 and 1O2. 

 
6.3.13 Reactive Oxygen Species/Vascular Physiology 
 
Some of the following material was excerpted or modified from the following article:  
Griendling, K.K. et al. Modulation of protein kinase activity and gene expression by 
reactive oxygen species and their role in vascular physiology and pathophysiology.  
Arterioscler Thromb Vasc Biol Oct. 2000, pp. 2175-2183. 
 
Reactive oxygen species (EMODs) 
s
known for years to serve as a signaling molecule b

hydrogen peroxide (H2O2), can alter the function of specific proteins and enzy
well.  In most cases, the mechanism by which these agents interact with their molecular 
targets is still unknown, but it is clear t

alteration by agonists, with particular attention to angiotensin II (Ang II); and their 
relevance to cardio
 
6.3.14 Produc
 
Virtually all types o
Sorescu, D. an
disease.  Cir Res 2000: 86; 494-501).   
 
In addition to mitochondrial sources of EMODs, O2

-. and/or H2O2, can be derived from: 
-xanthine oxidase 
-cyclooxygenase 
-lipoxygenase 
-NO synthase  
-heme oxygenases  
-peroxidases  
-hemoproteins such as heme and hematin  
-a
Several investigators have known that these latter enzymes, the membrane-associa
NAD(P)H
vascular tissue.  Of importance, the activ
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vasoactive hormones and the low-molecular-weight G protein rac-1, providing a 

talase and glutathione peroxidase.  
 

n and removal of EMODs makes fluctuations 
in their levels transient, another requirement for second messengers. EMODs may also 

set of 

Ang II stimulated O2  is converted to H2O2 as early as 1 minute after addition of the Ang 

uscle 
ells. Hypertension. 1998; 32; 488-495) 

ate 

Fibroblasts exhibit increased NADH- or NADPH-driven O2
-. production in response 

to TNF-a, IL-1, and platelet-activating factor (Meiser, B. Regulation of the superoxide 
releasing system in human fibroblasts. Adv Exp Med Biol.  1996; 387; 113-116).   
 
In endothelial cells, mechanical forces, including cyclic stretch and laminar and 
oscillatory shear stress, stimulate NAD(P)H oxidase activity (De Keulenaer, G. W., 
Chappell, D. C., Ishizaka, N., Nerem, R.M., Alexander, R.W. and Griendling, K.K.  

scillatory and steady laminar shear stress differentially affect human endothelial redox 
state.  Circ Res. 1998; 82; 1094-1101). 

plex)-Grb2 (growth factor receptor-bound 
mplex to activate subsequent signaling cascades 

(Rao, G. N.  Hydrogen peroxide induces complex formation of SHC-Grb2-SOS with 
ates ras and extracellular signal-regulated protein 

kinases group of mitogen activated protein kinases.  Oncogene. 1996; 13; 713-719). 
 
6.3.15 Oxidant Stress/Cardiovascular Events 
 
Nitric oxide not only produces vasodilation but also has potent antiatherogenic 
properties.  These properties include:  

critical characteristic of any second messenger: “regulation of its production.”  
Metabolism of these EMODs is also tightly controlled.  Dismutation of O2

-. by 
superoxide dismutase (SOD) produces the more stable EMOD, H2O2, which in turn is 
converted to water by ca

Expression of antioxidant enzymes can be altered by hormones such as:  
-ANG II  
-tumor necrosis factor (TNF)-a  
-and interleukin (IL)-1β, thus profoundly affecting EMODs levels.   
The tight regulation of both productio

act as an intracellular “rheostat,” closely modulating the activity of a discrete 
biochemical reactions. 
 

-.

II hormone   (Zafari, A. M., Ushio-Fukai, M. Akers, M., Yin, Q., Shah, A. Harrison, D. 
G., Taylor, W. R. and Griendling K. K.  Novel role of NADH/NADPH oxidase-derived 
hydrogen peroxide in angiotensin II-induced hypertrophy of rat vascular smooth m
c
 
Other agonists and mechanical forces have also been shown to increase RONS 
production in vascular cells.  PDGF, thrombin, TNF-a. and lactosylceramide activ
NAD(P)H oxidase dependent O2

-. production in SMCs.   
 

O

 
In SMCs, H2O2 induces tyrosine phosphorylation of the EGF-r and stimulates it 
association with Shc (src homology com
protein 2)-Sos (son-of-sevenless) co

receptor tyrosine kinase and activ
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-inhibition of platelet aggregation  
-prevention of smooth muscle cell proliferation  
-reduction of lipid peroxidation  
-and inhibition of adhesion molecule expression. 
 
Superoxide (O2

.-) reacts rapidly with NO. , resulting in formation of the peroxynitrite 
anion and loss of NO.  bioactivity.  Recently, it has been recognized that reactive oxygen 
species, especially peroxynitrite, can oxidize tetrahydrobiopterin, a critical cofactor 
for nitric oxide synthase.  Accordingly, endothelial dysfunction is at least partially 
reversed by administration of several structural unrelated antioxidants, including 
membrane-permeable superoxide dismutase, probucol, vitamin C, and glutathione. 
 
The truly novel aspect of this study is that the abnormal responses to acetylcholine could 
be dramatically improved by the intra-arterial administration of vitamin C only in the 
group with cardiovascular events.   In contrast, vitamin C infusion had minimal effect on 
forearm blood flow responses in the subjects that subsequently had no cardiovascular 
vents.  (RMH Note: Perhaps the vitamin C is acting as a prooxidant in this case.) 

l 
e 

tability 

hn, 

g 
ave shown 

pplementation and cardiovascular evens, in high-risk patients the Heart Outcomes 

vitamin  subjects.  In 
ISSI prevention trial (Dietary supplement with n-3 polyunsaturated acids and vitamin E 

ount.   

 Ultrasound Changes in Patients Treated with 
Ramipril and Vitamin E (SECURE) (A Sub-Study of HOPE) 

e
These relationships held true even when correction was made for other, more classic risk 
factors.  Reactive oxygen species promote lipid oxidation, stimulate smooth muscle cel
growth, and initiate expression of proinflammatory genes.  Reactive oxygen species hav
been shown to activate matrix metalloproteinases, which may lead to plaque ins
and rupture.  In addition, NO. has many vasoprotective properties, as noted above, and its 
loss because of oxidative inactivation very likely contributes in atherosclerosis.  Perhaps, 
it is the loss of superoxide anion, and not nitric oxide, which is the more important 
factor contributing to the development of atherosclerosis. 
 
Given the results from studies like that by Heitzer et al (Heitzer, T., Schinzig, T., Kro
K, et al. Endothelial dysfunction, oxidative stress, and risk of cardiovascular events in 
patients with coronary artery disease.  Circulation. 2001;104:2673-2678) and the huge 
amount of basic research suggesting that reactive oxygen species contribute to 
atherosclerosis, antioxidant therapy would be expected to be beneficial in improvin
outcome in humans with atherosclerosis.  Several recent trials, however, h
no effect of vitamin E on cardiovascular events.  In the Heart Outcomes Prevention 
Evaluation (HOPE) (Yusus, S., Dagenais, G., Progue, J. et al. Vitamin E 
su
Prevention Evaluation Study Investigators. N Engl J Med. 2000; 342; 154-160) trial, 

 E was found to have no benefit over placebo in 9500 high-risk
G
after myocardial infarction: results of the GISSI-Prevention trial. Gruppo, Italiano per lo 
Studio Sopravvivenza nell’Infarto miocardico.   Lancet, 1999; 354: 447-455) >11,000 
survivors of myocardial infarction were randomized to receive vitamin E, n-3 
polyunsaturated fatty acids (PUFAs), both, or neither.  Although the n-3 PUFA therapy 
proved beneficial, vitamin E reduced the event rate by only an insignificant am
 
6.3.16 Study to Evaluate Carotid
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In the Study to Evaluate Carotid Ultrasound changes in patients treated with Ramipri
vitamin E (SECURE) (a substudy of HOPE), vitamin E was found to have no effect o
the progression of carotid intima-media thickness (CIMT), whereas the ACE inhibit
ramipril markedly reduced progression of CIMT (Lonnn, E., Yusuf, S., Dzavik, V. et al. 
Effects of ramipril and vitamin E on atherosclerosis:  the study to evaluate c

l and 
n 

or 
 

arotid 
ultrasound changes in patients treated with ramipril and vitamin E (SECURE).  

, these vitamins were ineffective (Salonen, J. 
T., Nyyssonen, K., Salonen, R. et al.  Antioxidant Supplementation in Atherosclerosis 

 

ry 

 

 in the 
Circulation.  1995;92:898-

3).  The statins have the added effect of preventing geranylgeranylation of the 
small g-protein Rac-11, which is a critical component of the NADPH oxidase, a major 

d strategies to block angiotensin II production or 
ide production in experimental animal models.  

 have antioxidant 

s a marker for 

Second Recent Study to Question Benefits of Supplements 

Circulation.  2001; 103; 919-925). 
 
In the recent Antioxidant Supplementation in Atherosclerosis Prevention (ASAP) 
trial, the combination of vitamin E and C produced a substantial reduction in CIMT 
progression, although when used alone

Prevention (ASAP) study; a randomized trial of the effect of vitamin E and C on 3-year 
progression of carotid atherosclerosis. J Intern med.  2000; 248; 377-386). 

Again, I point out that the “testable Free Radi-Crap theory” has failed the test! 
Thus, the hypothesis and the theory are wrong and should be discarded.  Yet, 
scientists continually try to overlook data which refutes the Free Radi-Crap theo
or they try to force the data to fit the theory by dreaming up all sorts of scientific 
excuses, as to why the studies failed.   

It should be noted that at least 2 widely accepted modes of treatment for atherosclerosis
have been shown to potently inhibit production of reactive oxygen species by vascular 
cells.  Lipid lowering dramatically decreases superoxide production (Ohara, Y., 
Peterson, T.E., Sayegh, H.S. et al. Dietary correction of hypercholesterolemia
rabbit normalizes endothelial superoxide anion production.  
90

source of vascular reactive oxygen species.  In addition, the NADPH oxidase is 
potently activated by angiotensin II, an
its receptor dramatically lower superox
Thus statins, ACE inhibitors, and angiotensin-receptor antagonists
ffects not because they scavenge radicals but because they block production of e

radicals (Landmesser, U. and Harrison, D.G.  Oxidant stress a
cardiovascular events.  Circulation 2001; 104: 2638-2640). 
  

The following was an announcement from the American Cancer Society: 
April 6, 2005 12:00:00 AM PST 

6.3.17 Vitamin E Not Helpful in Head and Neck Cancer Patients 
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Taking vitamin E doesn't protect head and neck cancer patients from developing 
new tumors, Canadian researchers report. In fact, it may actually raise the ri
developing a second cancer.  The study, published in the Journal of the National 
Cancer Institute (Vol. 97, No. 7: 481-488), is the 

sk of 

ay well raise the risk of heart failure in some patients. 

ients 

ments 
(400 IU, or international units), while the other half took a placebo. (Some of the vitamin 

ung 
cancer in smokers.) 

 
g the pill, vitamin E 

appeared to more than double the risk of developing a second cancer. Once they 

s the 

ed 
-dose [vitamin E] supplements for cancer prevention." 

stead, they said, the 
vitamin E appeared to speed up the progression of cancer. 

n an editorial published in the same issue of the journal, two head and neck cancer 

ancers in these patients. However, they said 
future studies must use genetic clues called biomarkers to carefully select a substance 

is type of cancer, and to find the patients most 
likely to benefit from it. 

ow many times must this nonscience/nonsense be repeated, before 
 that the Free Radi-Crap theory is wrong?” 

6.3.18 Mitogen-Activated Protein Kinases 
 
The MAPKs are a family of serine/threonine kinases that control cellular responses 

second recent piece of research to 
cast doubt on the use of vitamin E against cancer. Just last month a team of 
international researchers said vitamin E supplements don't offer any protection 
against cancer but m

I ask, “How many times must this non-science/non-sense be repeated, before 
investigators admit that the Free Radi-Crap theory is wrong?” 

The new study, led by researchers at L'Universite Laval in Quebec, involved 540 pat
with stage 1 or 2 head and neck cancer (oral cavity, pharynx and larynx). During 
radiation therapy and for 3 years after, half the patients took daily vitamin E supple

E patients were also given beta carotene supplements, but these were stopped after about 
1 year, when another study showed beta carotene could increase the risk of l

People who took the vitamin E had a significantly higher rate of second cancers than
people who took the dummy pill. In the years they were takin

stopped, however, their rate of second cancers was lower than that of people on the 
placebo. And after 8 years of follow up, the rate of second cancers in both groups wa
same. The rates at which the initial cancers came back followed the same pattern. 

"Nevertheless," the researchers wrote, "our results suggest that caution should be advis
regarding the use of high

The results came as a bit of a surprise, they observed, because some earlier studies had 
suggested a lower rate of new cancers in groups taking vitamin E. In

I
specialists from M.D. Anderson Cancer Center in Houston said there is still hope of 
finding a substance that helps prevent new c

that's likely to have an effect against th

Again, I ask, “H
investigators admit
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to growth, apoptosis, and stress signals.  
  
There are 4 main MAPKs including:  
-extracellular signal-regulated kinases (ERK1/2) 
-c-Jun N-terminal kinases (JNKs, also termed SAPKs  
-p38  MAPKs  
-and big MAPK-1.   
These proteins are the best studied in terms of their redox sensitivity.  In SMCs, H2O2, 
has been shown to activate p38 MAPK, JNK and big MAPK-1.  Its effects on ERK1/2 
are controversial, with some reports showing inhibition and others demonstrating 
stimulation. 
 
In endothelial cells, H2O2 activates p38 MAPK and its downstream target, MAPK-
activated protein (MAPKAP) kinase 2/3, leading to phosphorylation of heat-shock 
protein 27 (Hsp27).  ERK1/2 activation also seems to be redox sensitive in this cell type, 
based of the observation that shear stress-induced   ERK1/2 phosphorylation is 
inhibited by anti-oxidants and dominant-negative Rac-1.  In neonatal rat ventricular 
myocytes, all 3 MAPKs (ERK1/2, p38 MAPK, and JNK) have been demonstrated to 
be activated by H2O2.  Thus, regulation of MAPK activity by RONS varies not only 
among family members but also among cells. 
 
The recently identified serine/threonine kinase Akt/protein kinase B has been shown to   
play a key role in many cellular processes, including cell survival and protein synthesis 
(Coffer, P. J. and Woodgett, JR, Jim J.  Protein kinase B   (c-Akt): a multifunctional 

ediator of phosphatidylimositol 3-kinase activation.  Biochem J. 1998;335; 1-13).  
Similar to p38 MAPK, both exogenous H2O2 and Ang II activate Akt in SMCs. 

Most likely, only a glimpse of the cadre of oxidant-sensitive signaling pathways have 
luding phospholipase D, Fyn, proline-rich tyrosine kinase 

(Pyk) 2, JAK2, and signal transducer and activator of transcription (STAT) 1, appear to 
2 

 hydroperoxides activate phospholipase D in endothelial cells.  In mouse 
fibroblasts, H2O2, activate JAK2 via Fyn Kinase, resulting in the stimulation of Ras 

ion 

m

 

been seen.  Many proteins, inc

be redox sensitive, based on their activation by addition of exogenous EMODs.  H2O
and lipid

activity (Abe, J.I. and Berk, B.C.  Fyn and JAK2 mediate ras activation by reactive 
oxygen species. J Biol Chem. 1999; 274; 21003-21010). 
 
EMODs regulate several general classes of genes including:  
-adhesion molecules and chemotactic factors  
-antioxidant enzymes  
-and vasoactive substances. 
 
Proof that balloon angioplasty increases oxidant stress has been provided in 2 
studies. 
 
Please keep in mind the fact that the reaction to injury is quite different from the react
to hypercholesterolemia.  It appears to me that the body reacts to the injury of 
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angioplasty, the cardiac by-pass pump and hemodialysis by triggering the oxidati
self-healing system.  (Maher ET, Wickens DG, Griffin JFA, Kyl P, Curtis 

ve 
JR, Dormandy 

TL. Increased free radicals during hemodialysis. Nephrol Dial Transplant 1988; 2: 169-
1) (Market M, Heirly C, Kuwahara T, Frei J, Wauters JP. Dialyzed polymorphonuclear 

neutrophil oxidative metabolism during hemodialysis. A comparative study with 5 new 
nd reused membranes. Clin Nephrol 1988; 3: 129-36) (Himmelfarb J, Lazarus JM, 

l 

Exp 

ein grafts remain the mainstay of surgical treatment for peripheral and coronary 
nd 

., 

l 
; 68 

s 
opment of 

: 

  

and 

osis (Sundaresan, M., ZU-Xi, Y., 
Ferrans, V.J., Irani, K. and Finkel, T.  Requirement for generationofH2O2 for platelet-

w., 

7

a
Hakim R.  Reactive oxygen species production by monocyte and polymorphonuclear 
leukocytes during dialysis. Am J Kidney Dis 1991; 17: 271-6) (Rosenkranz AR, Temp
E, Traindl O, Hinzl H, Zlabinger GJ. Reactive oxygen product formation by human 
neutrophils as an early marker for biocompatibility of dialysis membranes. Clin 
Immunol 1994; 98: 300-5).  Thus, we need to figure a way to do these procedures, 
such that we do not induce such a strong oxidative reaction to these procedures, 
even though the oxidative response may fight any potential infections. 
 
 
6.3.19 Superoxide Production/Intimal Hyperplasia 
 
V
artery disease but are prone to failure caused by accelerated atherosclerosis a
occlusion, occurring at rates of >50% at 10 years after implantation (Campeau, L
Enjalbert, M., Lesperance, J., Vaislic, C., Grondin, C. M. and Bourassa, M. G.  
Atherosclerosis and the late closure of aortocoronary saphenous vein grafts: sequentia
studies as 2 weeks, 1 year, 5-7 years and 10-12 years after surgery.  Circulation, 1983
(suppl 11):  11-1-11-7).  Vein grafts are characterized by intimal hyperplasia 
(resulting from vascular smooth muscle cell migration and proliferation), which develop
as a consequence of early graft injury and is critical in the subsequent devel
accelerated atherosclerosis (Schwartz, S. M., deBlois, D. and Obrien, E.R.M.  The intima
soil for atherosclerosis and restenosis. Circ Res. 1995; 77; 445-465). 
 
Increasing evidence suggests that superoxide production plays important roles in 
cardiovascular physiology and in the pathogenesis of vascular disease.  Superoxide 
regulates redox-sensitive signaling pathways (Ushio-Fukai, M., Alexander, R. W., 
Akers, M., Yin, Q. Q., Fujio, Y., Walsh, K., and Griendling, K. K.  Reactive oxygen 
species mediate the activation of Akt/ protein kinase B by angiotensin II in vascular 
smooth muscle cells. J Biol Chem. 1999; 274; 22699-22704), and acts as a direct 
vascular smooth muscle cell mitogen (Suh, Y.A., Arnold, R.S., Lassegue, B., Shi, J., 
Xu, X. Sorescu, D., Chung, A B., Griendling, K. K. and Lambeth, J.D.  Cell 
transformation by the superoxide-generating oxidase Mox1. Nature. 1999; 401; 79-82).
Furthermore, superoxide modulates vessel remodeling by the activation of matrix 
metalloproteinases (Rajagopalan, S., Meng, X, P., Ramasamy, S., Harrison, D.G. 
Galis, Z.S.  Reactive oxygen species produced by macrophage-derived foam cells 
regulate the activity of vascular matrix matalloproteinases in vitro: implications for 
atherosclerotic   plaque stability. J Clin Invest. 1996; 98: 222572-2579) and influences 
vascular smooth muscle cell migration and apopt

derived growth factor signal transduction. Science. 1995; 270: 296-299) (Hiroka, 
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Vazquez, N., Nieves-Neira, W., Chanock, S. J. and Pommier, Y.  Role of oxygen radic
generated by NADPH oxidase in apoptosis induced in huma

als 
n leukemia cells. J Clin 

vest. 1998; 102: 1961-1968). Superoxide also exerts important proinflammatory 
nd proliferative effects by scavenging vascular NO and producing peroxynitrite, a 

d lipids (Kojda, G. and 

modified from the following article: 
Emily Shacter, PhD & Sigmund A. Weitzman, MD ONCOLOGY 16:217-232, 2002. 

 

d 
, 
 

ciation 
ma.  

e 
itant.  
d 

ODs 
can not even 

ents.  The following section describes some of the underlying 
causes of the association between chronic inflammation and cancer. Inflammatory 

In
a
pro-oxidant species that can nitrosylate cellular proteins an

arrison D.  Interactions between NO and reactive oxygen species: Pathophysiological H
important in atherosclerosis, hypertension, diabetes and heart failure. Cardiovasc Res. 

l 1999; 43: 562-571) (Harrison, D. G.  Cellular and molecular mechanisms of endothelia
dysfunction. J Clin Invest. 1998; 100; 2153-2157). 
 
It has been shown that O2

.- production is increased in vein grafts, mediated by 
increased activity of NADPH oxidase and increased levels of protein subunits in vein 
grafts are localized to intimal vascular smooth muscle cells. 
 
 
6.4.1 18.10  Chronic Inflammation and Cancer 
 
Some of the following materials were excerpted or 

The various factors known to cause cancer also induce chronic inflammatory 
responses. These include bacterial, viral, and parasitic infections (e.g., H pylori, Epstein-
Barr virus, human immunodeficiency virus, flukes, schistosomes), chemical irritants (i.e.,
tumor promoters, such as phorbol ester 12-O-tetradecanoyl-13-phorbol acetate, also 
known as phorbol myristate acetate), non-digestible particles (e.g., asbestos, silica), an
other factors yet to be discovered. Also one could have added that chemical carcinogens
such as polycyclic aromatic hydrocarbons, which require oxidative metabolism for their
activities, induce chronic inflammation with the attendant oxidative stress, 
macromolecular damage, and cytokine formation. 

A substantial body of evidence erroneously supports the conclusion that chronic 
inflammation can predispose an individual to cancer, as demonstrated by the asso
between chronic inflammatory bowel diseases and the increased risk of colon carcino
However, I believe that this assertion is wrong and that the inflammatory respons
is an unsuccessful attempt by the body to rid itself of the foreign invader or irr
Chronic inflammation is caused by a variety of factors, including bacterial, viral, an
parasitic infections, chemical irritants, and non-digestible particles. The presence and 
the triggering of an inflammatory response is the body’s natural way to deal with 
pathogens or pollutants.  In fact, it is the only way in which the body can respond.  
The longer the inflammation persists, the higher the risk of associated carcinogenesis.  I 
believe that this is due to the fact that the body can not generate sufficient EM
to kill the invading pathogens and these deficient EMODs levels (which 
kill invading bacteria) would most certainly be conducive to “allowing” the 
manifestation of cancer.  If Ames is right, proneoplasia is always present due to 
oxidative genotoxic ev
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mediators contribute to neoplasia by inducing “proneoplastic” mutations, adaptive 
responses, resistance to apoptosis, and environmental changes such as stimulation of 
angiogenesis. I believe that inflammatory cells migrate to the infected site to kill the 
pathogens and that they are not causative of neoplasia.  In fact, they are there to kil
neoplastic cells.  All these changes confer a survival advantage to a susceptible c
article, discusses the contribution of reactive oxygen and nitrogen intermediates, 
prostaglandins, and inflammatory cytokines to carcinogenesis. A thorough 
understanding of the molecular basis of inflammation-associated neoplasia and 
progression, as I interpret it, may lead to novel approaches to the prevention and 
treatment of cancer.  

Allegedly, chronic inflammation may be a causative factor in a variety of cancers. In 
general, the longer the inflammation persists, the higher the risk of cancer. I believe 
this is due to the fact that the longer time period is an additional time of “allowa
for the manifestation or development of cancer.  Hence, acute inflammation, such as 

l 
ell. This 

that 
nce“ 

occurs in response to a transient infection, is not regarded as a risk factor for the 

he 

, 
 

ancer, although other cells, 
including the cancer cells themselves, also participate.  However, as we now know, the 

 the 

. 

Inflammatory mediators include metabolites of arachidonic acid, cytokines, chemokines, 

proliferation, mutagenesis, oncogene activation, and angiogenesis. Researchers claim that 
. 

e 

6.4.2 Inflammatory Conditions That Predispose to Cancer 

 
d 

Crohn’s disease), esophageal adenocarcinoma associated with reflux esophagitis 

development of neoplasia, although many of the same molecular mediators are generated 
in both acute and chronic inflammation. In the instance of acute inflammation, t
body produces adequate EMODs levels to stop the invading pathogens and to keep 
preneoplasia in abeyance.  In general, inflammatory leukocytes such as neutrophils
monocytes, macrophages, and eosinophils provide the soluble factors that are thought to
mediate the development of inflammation-associated c

seeds for neoplasia are always present in all aerobic cells and I believe that
inflammatory cells are bringing with them, the necessary EMODs levels to kill 
cancerous cells.   The body is responding in the only way that it has available to it

and free radicals. Chronic exposure to these mediators may lead to increased cell 

the ultimate result is the proliferation of cells that have lost normal growth control
Animal models provide experimental evidence that chronic inflammation can promote 
cancer and further insights into possible mechanisms. 

The following section will summarize the clinical association between chronic 
inflammation and cancer and will describe the inflammatory factors and pathways that 
are thought to be proneoplastic. Emphasis will be placed on examining the role of th
reactive oxygen and nitrogen intermediates (EMODs), cytokines, and prostaglandins. 

A wide array of chronic inflammatory conditions predisposes susceptible cells to 
neoplastic transformation.  Most of the resulting tumors are of epithelial cell origin 
(carcinomas). The most widely studied and best established of these links are colon
carcinoma associated with inflammatory bowel disease (chronic ulcerative colitis an
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(Barrett’s esophagus), hepatitis predisposing to liver cancer, schistosomiasis causing an 
increased risk of bladder and colon carcinomas, and chronic Helicobacter infection 
leading to cancer of the stomach. Some increase in the incidence of lymphoma is also 

y high risk of cancer.  It 
is well established that hepatitis B virus can cause (or is associated with) liver 

high 

kind of 
pe C.  There are 7 genotypes of hepatitis B, which are forms of 

the virus whose DNA differ from each other.  Men whose blood carried a high load of 
gen y
with m

Early s mericans than in black 
Americans. Over time, this trend seems to be decreasing, with recent incidence rates 
nearly the same. Asian Americans appear to have lower incidence rates. Among white 
Americans, several studies have shown that the incidence rate of IBD is up to 4 times 
higher in Je s
multifactor  d

• The role of genetic factors in UC has been strongly supported by genetic 
epidemiologic studies. Higher concordance occurs among monozygotic twins 
than dizygotic twins; however, the lack of perfect concordance in monozygotic 
twi

• Several environmental factors have been implicated in the pathogenesis of IBD. 

he course of IBD (positively in 
UC, negatively in CD). 

o Certain infections have been implicated in IBD (e.g., measles, atypical 

seen, particularly mucosa-associated lymphoid tissue (MALT) lymphoma. 

Ming-Whei Yu and her colleagues at the National Taiwan University in Taipei, reported 
tin the Feb 6, 2005 Journal of the National Cancer Institute that screening hepatitis B 
patients for their virus genotype could reveal people at especiall

cancer.  Scientists report that a certain kind of hepatitis B is much more likely than 
others to lead to cancer and that large amounts of any type of the virus correlate with 
cancer risks.   

Comparisons indicated that the men with cancer were 5 times as likely to have a 
hepatitis B called genoty

ot pe C of hepatitis B faced a 27-fold higher risk of developing cancer, compared 
en with a low load of one of the virus’ other genotypes. 

tudies tended to show a higher prevalence of UC in white A

wi h people than in other racial/ethnic groups. UC is thought to be a 
ial isease.  

ns suggests other factors in the etiology of UC as well. 

o Smoking has been shown to influence t

mycobacteria infection). 

o Patients with IBD have been shown to have different colonizing bacteria 
than people without IBD. 

In my opinion, this reduces the frequently causative accusations for EMODs in 
ulcerative colitis and inflammatory bowel disease. 

6.4.3 Inflammatory Bowel Disease and Colon Carcinogenesis 
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Much of our understanding of the association between chronic inflammation and cance
is illustrated through inflammatory bowel disease and colon carcinogenesis. Pati
either chronic ulcerative colitis or Crohn’s disease have a five- to sevenfold increased
risk of developing colorectal carcinoma (Ekbom, A., Helmick, C., Zack, M., et al: 
Ulcerative colitis and colorectal cancer. A population-based study. N Engl J M
323:1228-1233, 1990). It is gene

r 
ents with 

 

ed 
rally thought that the colitis must persist for at least 8 

years to significantly increase the risk of cancer (Choi, P.M., Zelig, M..P: Similarity of 

r 

 

yps, and 

er 
 

n 
ciated with 

redominantly at the 
sites of the inflammation and not at distant sites (Choi, P.M., Zelig, M.P.: Similarity 

isease and ulcerative colitis: Implications for 
carcinogenesis and prevention. Gut 35:950-954, 1994).  Of course they are found at the 

.  

ory 

 

thylbenzanthracine (DMBA) 
followed by repeated administration of tumor promoters such as phorbol myristate 

 

colorectal cancer in Crohn’s disease and ulcerative colitis: Implications for 
carcinogenesis and prevention. Gut 35:950-954, 1994).  Neoplasia generally appears afte
a median duration of approximately 15 years. Increased cancer incidence is associated 
with increased duration of the inflammation.  Obviously, the longer there are 
deficiency levels of EMODs, the more likely is the “allowance” of neoplasia and the 
manifestation of cancer.  This data indicates that there can be minimal reductions in
EMODs production levels, which must be present for many years before 
“allowance” of cancer occurs. 

Like other forms of cancer, colon carcinogenesis is a multistage process. It begins with 
focal proliferation of dysplastic cells, the formation of benign adenomatous pol
potential progression to malignant adenocarcinomas (Boone, C.W., Kelloff, G.J., Steele, 
V.E.: Natural history of intraepithelial neoplasia in humans with implications for canc
chemoprevention strategy. Cancer Res 52:1651-1659, 1992). Mutations in oncogenes and
tumor-suppressor genes (p53, APC, and Ki-ras) are found in a high percentage of colo
cancers.  The molecular nature of the mutations differs in colon cancers asso
chronic colitis compared to sporadic and familial colon carcinoma, suggesting different 
mechanisms of mutagenesis. The cancers that develop are found p

of colorectal cancer in Crohn’s d

sites of inflammation because that is the site at which the body is unsuccessfully 
attempting to deal with a pathogen or a pollutant.  Sites which do not have chronic 
inflammation, has successfully dealt with the invading pathogens or pollutants
Chronic intake of anti-inflammatory drugs decreases the incidence of colon 
carcinogenesis associated with inflammatory bowel diseases.  Yet, anti-inflammat
steroids can lead to greater numbers of infections and cancers. 

6.4.4 Chronic Inflammation 

Animal models demonstrate experimentally that chronic inflammation predisposes to the
development of various forms of cancer. For example, marmosets have a high incidence 
of spontaneous colitis and a high incidence of colon cancer as well. Skin cancer is 
induced by administration of carcinogens such as dime

acetate (PMA) or benzoyl peroxide, which induce inflammation and the production of 
various inflammatory mediators (Slaga, T.J., Lichti, U., Hennings, H., et al: Effects of 
tumor promoters and steroidal anti-inflammatory agents on skin of newborn mice in vivo
and in vitro. J Natl Cancer Inst 60:425-431, 1978).  Intraperitoneal introduction of 
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mineral oils (e.g., pristane) or plastic discs into BALB/c mice promotes the formation
of chronic granulomatous tissue and the development of plasmacytomas (Potter, M.: 
Indomethacin inhibition of pristane plasmacytomagenesis in genetically susceptible 
inbred mice. Adv Exp Med Biol 469:151-156, 1999). 

In these animal models, the tumors generally arise in the inflammatory tissue, indicating 
that local inflammatory mediators are responsible for their development. I believe
is the absence of adequate levels of EMODs that is the resp

 

 that it 
onsible factor.  In some 

cases, there is strong evidence suggesting a genetic basis for the susceptibility to tumor 
 

ly 
 

 skin 
 

r 

r cases, 
hronic inflammation is unknown. This is true for 

inflammatory bowel disease, sialadenitis, and lichen sclerosis. Some of the known 
ll be described below. Of these, parasitic infections are 

perhaps the best described. It seems that any parasitic infection that persists or recurs 

ls 

t a 

T 
dence that Helicobacter infection is carcinogenic 

comes from studies showing that gerbils infected with H pylori develop active chronic 

x of 

generally fails to clear the infection, thus resulting in a chronic inflammatory response 

development and I believe that this could be due to an inherited defect in EMODs
production. For example, in the mouse plasmacytoma model, BALB/c mice are unique
susceptible to developing plasma cell tumors in response to pristane, whereas most other
strains are not. Similarly, SENCAR mice are uniquely susceptible to developing
tumors in response to DMBA and PMA. These findings provide a basis for identifying
critical genes and factors that contribute to tumor development and may explain why, fo
example, some individuals with chronic inflammatory conditions and carcinogen 
exposure (e.g., smokers) develop cancer while others do not. 

The types of chronic inflammation that lead to cancer are varied.  In some cases, the 
“progenitors of the inflammation” are known. These include chronic bacterial and 
parasitic infections, chemical irritants, and non-digestible particles.  In othe
the underlying cause of the c

chronic inflammatory agents wi

over many years can predispose to cancer. Thus, bacterial, viral, and parasitic 
infections can all lead to cancer if left unchecked.  Of course, the fact that an 
infection is chronic indicates that the body can not generate adequate EMODs leve
to clear it up and thus, there is a relative deficiency level of EMODs at that site.  
This deficiency level of EMODs is what leads to the “allowance” of cancer 
manifestation at that site. 

6.4.5 Bacterial Infections 

The strongest association between chronic bacterial infection and the development 
of cancer involves the organism Helicobacter pylori, which is associated with at leas
twofold increased risk of adenocarcinoma of the stomach (Correa, P.: Helicobacter 
pylori and gastric carcinogenesis. Am J Surg Pathol 19:S37-43, 1995) (Parsonnet, .J: 
Bacterial infection as a cause of cancer. Environ Health Perspect 103(suppl 8):263-268, 
1995).  In addition, H pylori infection is thought to increase the incidence of MAL
lymphoma.  Strong experimental evi

gastritis followed by a high incidence of gastric adenocarcinoma. Helicobacter infection 
in humans is always accompanied by mucosal inflammation (gastritis) with an influ
lymphocytes, plasma cells, and neutrophils. The robust immune response to H pylori 
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thought to be a key element of the carcinogenic activity of the bacterium.  This is exactl
what I have been indicating.  The body fail

y 
s to clear the infection, due to inadequate 

generation of EMODs and consequently, the conditions are conducive to the 
ation. 

 
ding 

sis is 

ancer 
 

 follicular 
lymphoma of the spleen, with different strains of the parasites infecting specific organs 

ancers. Liver flukes (Opisthorchis and Clonarchis), 
introduced by eating raw fish, infect the bile duct and lead to chronic cholangitis 
associated with an increased incidence of cholangiocarcinoma (Isla, A.M.: Chronic 
pancreatitis. Hosp Med 61:386-389, 2000).  Chronic infection and inflammatory diseases 
may also contribute to the development of Hodgkin’s disease and non-Hodgkin’s 
lymphoma (Tavani, A., La Vecchia, C., Franceschi, S., et al: Medical history and risk of 
Hodgkin’s and non-Hodgkin’s lymphomas. Eur J Cancer Prev 9:59-64, 2000). 

6.4.7 Viral Infections 

Many different viruses cause an increased incidence of cancer. Those most commonly 
associated with chronic inflammation are the hepatitis B and C viruses, which lead 
to chronic active hepatitis and hepatocellular carcinoma (Hayashi, P.H., Zeldis, J.B.: 
Molecular biology of viral hepatitis and hepatocellular carcinoma. Compr Ther 19:188-
196, 1993).  Epstein-Barr virus (EBV) is associated with B-cell non-Hodgkin’s 
lymphoma, and may contain a chronic inflammatory component (Copie-Bergman, C., 
Niedobitek, G., Mangham, D.C., et al: Epstein-Barr virus in B-cell lymphomas associated 
with chronic suppurative inflammation. J Pathol 183:287-292, 1997).  Other viral 
infections can also increase the incidence of cancer, but the role of inflammatory 
mediators is less clear. Our prooxidant protective reaction is the same oxidative 
response to any pathogen or pollutant e.g., bacteria, virus, fungus, parasite or 
cancer.  We generate EMODs to deal with these situations.  For example, the human 
papillomavirus, herpes simplex virus 2, and cytomegalovirus have been implicated 

ogy 

 

“allowance” of cancer form

Unless treated, H pylori infection and the associated gastritis persist for decades, which I
interpret to mean that the body has to keep trying to rid itself of the inva
pathogen but that it can not quite manage to generate enough EMODs to do so. 
Eradication of H pylori infection with antibiotics may also eliminate the excess risk for 
cancer, but this has not yet been established. 

6.4.6 Parasitic Infections 

Several parasitic infections are known to increase the risk of cancer. Schistosomia
prevalent primarily in Third World countries and is difficult to treat because 
contaminated water supplies lead to reinfection (Rosin, M.P., Anwar, W.A., Ward, A.J.: 
Inflammation, chromosomal instability, and cancer: The schistosomiasis model. C
Res 54:1929s-1933s, 1994).  Chronic schistosomiasis induces cystitis and fibrosis and
increases the incidence of carcinoma of the bladder, liver, and rectum, and

and leading to the various c

in cervical and other carcinomas (Bornstein, J., Rahat, M.A., Abramovici, H.: Etiol
of cervical cancer: Current concepts. Obstet Gynecol Surg 50:146-154, 1995).  Among 
RNA retroviruses, the human immunodeficiency virus (HIV) predisposes to the
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development of non-Hodgkin’s lymphoma, squamous cell carcinomas, and Kapo
sarcoma (Goedert, J.J.: The epidemiology of acquired immunodeficiency syndrome 
malignancies. Semin Oncol 27:390-401, 2000) while the human T-cell lymphom
causes adult T-cell leukemia. 

Unlike the other parasitic infections described here, viruses implicated in inducing 
neoplasia directly infect the cells that ultimately undergo neoplastic transformatio
Hence, it is difficult to determine whether these agents act by causing a chronic 
inflammatory condition, by directly transforming the cells that they infect, or both. I 
believe that this demonstrates that the virus is the causative agent and it has been 
shown that even the genotype specifically results in specific types of cancer 
causation.  The products of the inflammatory response, as it relates to reactive 
oxygen species, are the same for responses to various genotypes of viruses or 
of bacteria.  The specificity comes from the invading pathogen and not from the 
oxidative assault upon the invader.  Most of these viruses

si’s 

a virus 

n. 

strains 

 induce chronic increased 
proliferation of the infected cells, thus predisposing to neoplastic transformation.  For 
example, EBV causes sustained proliferation of peripheral B lymphocytes, but when 
coupled with a secondary mutation can result in malignant transformation, such as occurs 

 

nd 

 
ple, esophageal reflux causes chronic exposure of the 

esophageal epidermis to irritation by gastric acids. This leads to reflux esophagitis, or 
, 

d 
e 

at it 

e 

(Actigall), a drug that reduces the colonic levels of 

with the chromosomal translocations that activate the c-myc oncogene in Burkitt’s
lymphoma. The hepatitis viruses are thought to give rise to hepatocellular carcinoma by 
causing liver damage and regeneration together with the generation of secondary 
inflammatory mediators (Hayashi PH, Zeldis JB: Molecular biology of viral hepatitis a
hepatocellular carcinoma. Compr Ther 19:188-196, 1993). 

6.4.8 Noninfectious Causes of Chronic Inflammation 

Various noninfectious agents also cause chronic inflammation associated with an
increased risk of cancer. For exam

Barrett’s esophagus, and subsequent development of esophageal carcinoma (Pera, M.
Trastek, V.F., Pairolero, P.C., et al: Barrett’s disease: Pathophysiology of metaplasia an
adenocarcinoma. Ann Thorac Surg 56:1191-1197, 1993).  Please remember that th
body is responding to injury in the only way that it can and that is with an attempt 
at oxidative healing of the injury.  This is the same response as the one to vascular 
injury with stents or angioplasty balloons or whatever because it is the only 
response available to the body. 

Excess fecal bile acids in patients with primary sclerosing cholangitis and ulcerative 
colitis are associated with an increased risk of colorectal carcinoma.  Again, the body 
responds to an injury with an attempt at oxidative healing.  The inflammatory 
response cells which produce EMODs are at the site due to the injury and not as a 
causative factor in carcinogenesis.  I believe that the body may be thinking th
can possibly detoxify the injurious chemicals at the site, with mechanisms such as 
the cytochrome P450 detoxifying system.  I believe that the concentrations of th
injurious chemicals and acids are the mutagens and not the EMODs.  A recent 
publication demonstrated that ursodiol 
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deoxycholate and other bile acids (used to treat cholangitis), significantly reduces the 
incidence of neoplasia (Tung, B.Y., Emond, M.J., Haggitt, R.C., et al: Ursodiol use is 
associated with lower prevalence of colonic neoplasia in patients with ulcerative colitis 
and primary sclerosing cholangitis. Ann Intern Med 134:89-95, 2001). Chronic 
irritation of the liver by alcohol causes cirrhosis and hepatocellular carcinoma and 
again, I believe that the body is responding to the injury with an inflammatory 
EMODs response.  (Seitz, H.K., Poschl, G., Simanowski, U.A.: Alcohol and cancer. 
Recent Dev Alcohol 14:67-95, 1998). 

Nondigestible agents such as asbestos, coal, and silica dust lead to chronic inflammation 
in the lung because of the inability of the immune system to remove the substances. 
Again, the body is not quite capable of successfully detoxifying or removing the 
chemical irritant, mutagen or pollutant and it responds to the presence of this agent 

al 

 

ed a high incidence of B 
lymphocytic (plasma cell) tumors but no epithelial cancers. 

ngs. 
Hence, at present, it is unclear to what degree chronic bronchitis, mutagens in the smoke, 

arcinoma among smokers. 
(RMH Note:  I have discussed smoking in section [43 Smoking] and its associated 

ents that 

6.4.9 General Mechanisms of Proneoplastic Activity 

f 
ch 

with the only mechanism available to it, e.g., the inflammatory response and 
generation of EMODs.  Such sterile inflammations increase the incidence of epitheli
cancers including mesothelioma and lung carcinoma (Steenland, K., Stayner, L.: Silica, 
asbestos, man-made mineral fibers, and cancer. Cancer Causes Control 8:491-503, 1997). 
Experimental evidence that chronic sterile inflammation can cause cancer comes from
studies in BALB/c mice that received intraperitoneal administration of nondigestible, 
non-genotoxic mineral oils or plastic disks. The mice develop

Cigarette smoke is a complex proneoplastic agent that may act, in part, by inducing a 
chronic inflammatory condition. Smoking not only causes chronic bronchitis, but also 
delivers an array of genotoxic carcinogens (e.g., nitrosamines, peroxides) into the lu

and other factors contribute to the high incidence of lung c

hypoxic levels, HbCO, and deficiency levels of EMODs.) 

There are serious limitations, however, to using epidemiology to understand the 
causes of cancer. Definitive evidence that chronic inflammation predisposes to cancer 
requires identification of the causative inflammatory mediators as well as the ag
prevent neoplastic transformation through inhibition of the inflammatory process.  

Tumorigenesis is generally a protracted and complex process involving different 
developmental stages often referred to as initiation, promotion, and progression 
(Hanahan, D., Weinberg, R.A.: The hallmarks of cancer. Cell 100:57-70, 2000).  Much o
our understanding of these steps derives from studies of epidermoid carcinogenesis su
as skin and colon cancer.  However, I believe that these steps are artifactual 
designations in a natural continuum.  Steps are basically arbitrary and one can 
assign few or many. 
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Initiation is thought to involve a primary mutation in the DNA leading to a cell with 
increased potential for growth but still dependent on additional genotypic and phenot
changes to achieve complete transformation. Please remember that DNA is no longer
seen as the only dictator of cellular proliferation, normal or otherwise.  Frequent
initiation

ypic 
 

ly, 
 is induced by genotoxic carcinogens that directly damage the DNA, while 

promotion involves clonal expansion of initiated cells. In early skin carcinogenesis 

 now 

notype via 
for 

normal growth factors and are relatively unresponsive to normal growth regulation, 
rolled growth that is the hallmark of cancer.  Generally, cancer 

cells are hypoxic and do not respond to apoptotic signals from EMODs as they 

l 
lows. 

rmed phenotype is inherited 
following multiple cell divisions. Under normal conditions, mutation of a critical gene 

at Dr. Bruce Ames would consider nucleic acid oxidations as 
proneoplastic agents.  As a result, a cell that "should" die manages to survive 

 which a 
ions are 

n reduces 

se genes derive from point mutations, deletions, and 
chromosomal translocations. Almost all tumor cells have an affected identifiable 

 a 
f 

studies, promotion was thought to be caused primarily by epigenetic mechanisms that 
stimulated expansion of a preneoplastic population of mutated cells.  However, it is
apparent that promotion involves genetic as well as epigenetic changes.  Progression is 
the advancement of an early neoplastic clone of cells into a fully malignant phe
both genetic and epigenetic mechanisms. Malignant cells have minimal requirements 

resulting in the uncont

should. 

Because tumor cells contain more than one mutation, it may be difficult to know which 
should be classified as causing initiation, promotion, or progression, although this 
distinction may not be relevant. In this section, the terms tumor promoter/promotion will 
be used in a generic sense; i.e., as any proneoplastic activity. Several genera
mechanisms of proneoplastic activity are recognized and are summarized as fol

6.4.10 Mutagenesis 

The establishment of a mutation is a sine qua non of cancer: All cancer cells contain 
permanent changes to the DNA such that the transfo

results in a loss of cellular homeostasis and the ultimate death of the cell. Proneoplastic 
mutations, on the other hand, confer a selective growth or survival advantage to the cell.  
I believe th

sufficiently to undergo secondary changes, permitting growth under conditions in
normal cell would either die or be static. Most notable among proneoplastic mutat
those that result in increased expression of oncogenes (e.g., myc, ras, abl, bcl-2) or 
decreased activity of tumor-suppressor genes (e.g., p53, Rb). (Hanahan, D., Weinberg, 
R.A.: The hallmarks of cancer. Cell 100:57-70, 2000). 

EMODs generated during ischemic preconditioning can upregulate the anti-death gene 
Bcl-2 by activating a specific nuclear transcription factor (NFkB), which in tur
apoptosis. 

Neoplastic alterations of the

oncogene or suppressor gene. Their gene products have diverse mechanisms of action 
involving different metabolic pathways in the cell. However, they all commonly confer
selective growth or survival advantage to the cell. Phenotypic changes representative o
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proneoplastic mutations include a decreased need for metabolites and growth 
factors, abnormal signal transduction, inappropriate expression of receptors 
available growth factors (epidermal growth factor receptor, HER2/neu), 
dysregulation of cell-cycle checkpoints, and resistance to apoptosis. 

6.4.11 Cell Proliferation 

It is widely thought that any agent that causes increased cell proliferation increases the 
risk of neoplastic transformation. The rationale for this concept is that DNA synthes
associated with cell division is necessary to convert a potentially transient change in the 
DNA into a permanent one. That is, for a mutation to occur, the damage to the DNA

for 

is 

 
must survive the many DNA repair processes and must be readable by DNA 

reates and locks in the mutation.  DNA damage that blocks DNA 
synthesis results in cell death, thus eliminating the possibility of a mutation in that cell.  

s 

 the death of 

 

e the ability to turn on and off the genes that help them survive toxic signals 
(e.g., induction of P450 enzymes for metabolism of toxic chemicals and drugs). This 

e growth environment is usually transient and allows normal cells 
to survive until the potentially toxic condition is alleviated. However, under 

a 
ent), a mutation 

ll are 

spiration; and de novo synthesis of angiogenic 
factors. 

sel formation (angiogenesis, 
neovascularization) in solid tissues. Normal tissues have a fixed blood supply and do not 

 a 

polymerase, which c

In addition, although replicative DNA synthesis is a precise process, errors do occur, 
and these can lead to the incorporation of a mutation.  If, by chance, this mutation result
in a selective growth or survival advantage to the cell, it may become a precancerous 
lesion.  This last statement bothers me, in that cancer ultimately leads to
the host and I do not know how this is a true “advantage” to the mutated cell, 
especially over the long haul.   This same strand of DNA may have existed longer if
it had not cloned a mutagenic genotype, because its host would have lived longer. 

6.4.12 Adaptation 

Cells hav

adaptation to an advers

circumstances of prolonged stress, such as during chronic inflammation (which is 
normal response of the body to pathogens or pollutants, which are pres
may lock in the growth-advantaged phenotype. Hence, prolonged exposure to stress can 
result in selection of preneoplastic cells. Some examples of adaptive changes in a ce
increased expression of antioxidant enzymes, matrix metalloproteinases, and growth 
factor receptors; increased anaerobic re

6.4.13 Angiogenesis 

One exciting new concept in cancer treatment comes from the understanding that 
tumorigenesis requires new blood ves

incur angiogenesis unless undergoing developmental changes (eg, embryogenesis, 
menstrual cycle) or recovering from a wound. Tumors, on the other hand, must develop
new blood supply in order to survive. 
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Studies in experimental tumor models suggest that the inhibition of angiogene
impede tumor growth and metastasis and can cause preformed tumors to necrose and 

sis can 

regress. However, as of 3-23-05, most of these studies have been disappointing.  

aglandins-1 
and -2, and nitric oxide (Jackson, J.R., Seed, M.P., Kircher, C.H., et al: The 

997). 

ck 
ugh 

to 
deliver oxygen and drugs to the tumor and oxygen is required for effective radiation 

se of antiangiogenic drugs can kill too many 
vessels and cause adverse effects such as stroke and myocardial infarction. 

 and 

 

6.4.14 Coronary Collateral Circulation 

c 

 

have 
demonstrated that a well-developed collateral circulation is associated with higher 

8), 

Chronic inflammation is closely associated with angiogenesis, as granulation tissue 
requires an extended vascular supply.   

Macrophages, platelets, fibroblasts, and tumor cells themselves are a major source 
of angiogenic factors such as basic fibroblast growth factor, vascular endothelial 
growth factor, inflammatory cytokines (e.g., tumor necrosis factor [TNF]-alpha, 
interleukin [IL]-1-beta, IL-6, chemokines (e.g., IL-8, GRO-alpha), prost

codependence of angiogenesis and chronic inflammation. FASEB J 11:457-465, 1

Antiangiogenic therapy was the rage in the 1990s for eradicating cancers in mice but 
subsequent clinical studies were failures.  It appeared that the drug’s ability to blo
formation of new blood vessels to bring oxygen and nutrients to tumors was not eno
to stop established tumors.  Antiangiogenic drugs kill the very blood vessels needed 

therapy to be successful.  Too high of a do

Rakesh Jain et al. observed that tumor vessels are leaky, dilated, tortuous, and 
inefficient at delivering oxygen.  He gave mice antiangiogenic drugs that block 
angiogenic vascular endothelial growth factor (VEGF) or its main receptor VEGFR2
the blood vessels did not just die; before they died, they began to resemble normal 
vessels.  Similarly, when in the presence of an anti-VEGF antibody, tumor vessels
became less leaky, dilated and tortuous (Winkler, et al. Cancer Cell. 2004;6:553-563). 

Many patients, who have compromised coronary circulation and who experience cardia
ischemia or myocardial infarction, develop physiological and biochemical responses for 
survival, which frequently involve the formation of collateral circulation.  In fact, the 
formation of collateral circulation has been credited as a life saving event.  The 
following study found that EMODs are triggers for collateral development and that 
this response could be blocked with the antioxidant, NAC (Weidong, G. et al. 
Reactive oxygen species are critical mediators of coronary collateral development in a 
canine model.  Am J Physiol Heart Circ Physiol 285: H1582-H1589, 2003).   

Coronary collateral development is an adaptive response to chronic occlusion of 
major coronary arteries (Fujita M., et al.  Determinants of collateral development in
patients with acute myocardial infarction. Clin Cardiol 22: 595–599, 1999), providing an 
alternative source of blood supply to ischemic myocardium. Numerous studies 

 

survival rate (Perez-Castellano N, et al.  Influence of collateral circulation on in-hospital 
death from anterior acute myocardial infarction. J Am Coll Cardiol 31: 512–518, 199
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smaller infarct size (Nakai S, et al. New collateral flow increasing early after 
occlusion prevented myocardial necrosis in dogs. Heart Vessels 10: 171–177
aneurysm formation, and better ventricular

coronary 
, 1995), less 

 

pid 
e modification of proteins, and DNA. However, recent 

investigations in signal transduction demonstrate that EMODs at a low 

ring 

. 

 
00).  

le 

 
usions; 2) 

 
but absent in NAC-treated and 

 the 

 function compared with absent or poor 
collaterals in patients with coronary artery occlusion. Previous studies demonstrate 

that repetitive, brief episodes of myocardial ischemia are powerful stimuli for the 
development of coronary collateral vessels (Kersten JR, et al. Temporal dependence of
coronary collateral development. Cardiovasc Res 34: 306–312, 1997). 

Restoration of blood flow after ischemia results in generation of reactive oxygen species 
(EMODs), which are commonly considered a main contributor to cell death by li
peroxidation, oxidativ  

 

concentration may also serve as an intracellular messenger to induce "defensive" or 
"repair" mechanisms against tissue injury. For example, EMODs generation du
ischemic preconditioning (Chen W, Gabel S, Steenbergen C, and Murphy E. A redox 
based mechanism for cardioprotection induced by ischemic preconditioning in perfused 
rat heart. Circ Res 77: 424–429, 1995) or anesthetic preconditioning (Tanaka K, 
Weihrauch D, Kehl F, Ludwig LM, LaDisa JF Jr, Kersten JR, Pagel PS, and Warltier DC
Mechanism of preconditioning by isoflurane in rabbits: a direct role for reactive oxygen 
species. Anesthesiology 97: 1485–1490, 2002) mediate the protection against 
prolonged ischemia.  

The role of EMODs in angiogenesis has recently been shown to involve growth factors 
such as vascular endothelial growth factor (VEGF), EGF, PDGF, and FGF require 
EMODs activation and down-stream signaling participation to exert action. Depletion of 
EMODs impairs cell responses to mitogenic stimulation (Greene EL, Velarde V, and 
Jaffa AA. Role of reactive oxygen species in bradykinin-induced mitogen-activated
protein kinase and c-fos induction in vascular cells. Hypertension 35: 942–947, 20
EMODs have been demonstrated to enhance proliferation of vascular smooth musc
(VSMC) and endothelial cells (EC), which are primary features in the process of 
coronary collateralization.  

 

Weidong’s key findings include 1) in contrast to the enhancement of the coronary 
collateral circulation in occlusion dogs, the antioxidant NAC attenuated increased in
collateral blood flow and decreased in PRH in response to repetitive LAD occl
brief coronary artery occlusion produced increases in EMODs production on 
reperfusion, whereas treatment with NAC inhibited EMODs generation; 3) 
vasculogenic properties of myocardial interstitial fluid (MIF), assessed by in vitro 
angiogenesis assays, were increased in occlusion dogs 
sham dogs. Similarly, MIF-induced proliferation of VSMC and EC were reduced in
occlusion + NAC and sham groups compared with the occlusion groups; 4) VEGF 
expression was increased early (3 days) after the initiation of repetitive LAD occlusions 

but waned thereafter. Treatment with NAC augmented VEGF expression throughout the 
duration of the experiment. Thus, their results demonstrated that depletion of 
EMODs abolishes coronary collateral development. This occurred 
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concomitant with reduced mitogenic activity of MIF in the region exposed to repetitive 

brief ischemic episodes. Overall, these data indicate that EMODs are critical fo
development of the coronary collateral

r the 

ger 

duction of 
 in 

lts 
rowth 

w to 

 

d 
Schmidt DH. On the possible role of reactive oxygen species in angiogenesis. Adv Exp 

hich demonstrated that exposure of human 
microvascular endothelial cells (EC) to brief hypoxia and reoxygenation increases 

s 

 that patients who are 
taking antioxidants, following ischemia or infarction, may well be at additional risk 

ecause these antioxidants will block their attempts to form collateral circulation. 

.4.15 Inhibition of Apoptosis 

xcept during development and tissue regeneration, normal tissues exhibit a precise 
balance between the rate of cell division and cell death. Disruption of this balance in 

vor of excess growth signals possible oncogenesis. Because dead or dying cells are 
rarely detected in normal tissue, it is thought that normal (programmed) cell death occurs 

rough a controlled process called apoptosis. 

 

 

 

 

 

 circulation. 

EMODs have recently been implicated as necessary components of angiogenic 

signaling in vitro (Colavitti R, Pani G, Bedogni B, Anzevino R, Borrello S, Waltenber
J, and Galeotti T. Reactive oxygen species as downstream mediators of angiogenic 
signaling by vascular endothelial growth factor receptor-2/KDR. J Biol Chem 277: 3101–
3108, 2002). For instance, low concentrations of hydrogen peroxide (0.1–10 µM) 
stimulate proliferation and tube formation of bovine aortic EC through in
the transcription factor Ets-1.  VEGF receptor activation causes a rapid increase
the intracellular generation of hydrogen peroxide, and inhibition of EMODs 
production by antioxidants attenuates early VEGF signaling.   Weigong’s resu
provide the first evidence to indicate that EMODs mediate coronary collateral g
in response to repetitive myocardial ischemic stimuli in vivo. Collateral blood flo
the ischemic zone was 28% of normal zone flow after 3 wk of repetitive occlusions in
NAC-treated dogs compared with 71% in occlusion dogs. The results are in agreement 
with the recent in vitro investigation (Lelkes PI, Hahn KL, Sukovich DA, Karmiol S, an

Med Biol 454: 295–310, 1998), w

EMODs generation and stimulates tube formation. The findings indicate that EMOD
production serves as a critical event to induce development of the coronary 
collateral circulation in response to repetitive LAD occlusions in vivo. EMODs 
scavengers, including pyrrolidine dithiocarbonate, superoxide dismutase, and 
catalase, blocked tube formation.  I interpret this to mean

b

6

E

fa

th
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Free radical activity has been blamed  
for c ge. 

Ye   
in   

of a pro ng cell. 
Chaos equates 

 

is in 

 

al 
y 

dental damage to the surrounding tissue. 

, 

nes act by inhibiting apoptosis, thereby 
alignant cells. By the same token, 

 Rb promote apoptosis in response 

 
t 

haotic, cellular, cumulative, molecular dama
t, I do not see a constant place for chaos

 the magnificently choreographed course
pagating living/breathi

to entropic death and 
death is a self-limiting event, 

i.e., a suicidal-thinning of the herd. 
 

Apoptosis follows its instinctual leader and  
obediently carries out its death march  

to the tune of the biochemical drummer. 
R. M. Howes, M.D., Ph.D. 

5/11/05 

Apoptotic cells have unique morphologic and biochemical characteristics that distinguish
them from necrotic cells (Searle, J., Kerr, J.F.R., Bishop, C.J: Necrosis and apoptosis: 
Distinct modes of cell death with fundamentally different significance. Pathol Ann 
17:229-259, 1982).  The main physiologic difference between apoptosis and necrosis 
how the cells affect the surrounding tissues: Cells dying by apoptosis are recognized 
and taken up by phagocytic cells before they have an opportunity to lyse and release
their content into the tissue (Savill, J., Fadok, V.: Corpse clearance defines the meaning 
of cell death. Nature 407:784-788, 2000).  The phagocytes degrade the cells with minim
environmental disturbance and no induction of inflammation. In contrast, cells dying b
necrosis lyse before being taken up by phagocytes, (Shacter, E., Williams, J.A., Hinson, 
R.M., et al: Oxidative stress interferes with cancer chemotherapy: Inhibition of 
lymphoma cell apoptosis and phagocytosis. Blood 96:307-313, 2000) thereby causing an 
inflammatory response that can cause inci

Treatment with chemotherapeutic drugs or depletion of growth factors usually kills 
tumor cells by inducing apoptosis (Hickman, J.A.: Apoptosis induced by anticancer 
drugs. Cancer Metastasis Rev 11:121-139, 1992) whereas high levels of oxidants, 
chemicals, or severe hypoxia usually induce necrotic death. Cells that have become 
resistant to apoptosis have a greatly increased risk of being or becoming neoplastic. An 
appreciation for the strong association between reduced apoptosis and tumorigenesis was 
advanced by the discovery that the oncogene bcl-2, which mediates B-cell tumorigenesis
acts by inhibiting normal B-cell apoptosis. 

It is known that many different oncoge
conferring a survival advantage to preneoplastic and m
normal tumor-suppressor genes such as p53 and
to toxic stimuli, inducing appropriate death in a damaged cell (Prococimer, M., Rotter, 
V.: Structure and function of p53 in normal cells and their aberrations in cancer cells:
Projection on the hematologic cell lineages. Blood 84:2391-2411, 1994).  Any agent tha

Page 473 of 931 



prevents cells from dying in response to toxic stimuli can have the effect of promoting 
tumorigenesis by allowing proliferation of an abnormal cell.  Please keep in mind that 
the work with oncogenes and tumor suppressor genes has not led to any maj
breakthroughs, at this point in time. 

6.4.16 Proneoplastic Inflammatory Mediators 

or 

Inflammatory cells secrete soluble factors that can contribute to the promotion of 
 provides a strong basis for 

understanding how chronic inflammation can predispose to the development of cancer, 

 

 
s 

 
large 

es, 

 
 

ous diseases including cancer (Barbior, B.M.: Phagocytes and 
oxidative stress. Am J Med 109:33-44, 2000). The same is true for reactive nitrogen 

ic 
equent 

 
Pharmacol Ther 14(suppl 1):3-9, 2000) (Van Rensburg CE, Van Staden AM, Anderson 

ted 

ridine 
[HMdU], and 5-hydroxy-2´-deoxycytidine [5-OHdC]) as well as etheno derivatives were 

ct by inducing preneoplastic mutations. 

tumorigenesis through all of the above mechanisms. This

but it is far from proof.  The remainder of this section will focus on the role of three 
different types of inflammatory mediators that have documented ability to serve as tumor
promoters: (1) reactive oxygen and nitrogen molecules, (2) cytokines, and (3) 
prostaglandins. Although these mediators are often studied and discussed in isolation,
there is significant interaction and synergy among them—for example, prostaglandin
induce expression of certain inflammatory cytokines, which can, in turn, induce 
production of reactive oxygen and nitrogen species. 

6.4.17 Reactive Oxygen and Nitrogen Intermediates 

When phagocytes (neutrophils, eosinophils, monocytes, macrophages) are exposed to an
inflammatory stimulus (eg, bacteria), they become activated and begin to generate 
quantities of reactive oxygen and nitrogen intermediates. Reactive oxygen intermediat
also generically referred to as oxidants, are derivatives of molecular oxygen such as 
superoxide, hydrogen peroxide, hypochlorous acid, singlet oxygen, and the hydroxyl
radical. Under normal circumstances, phagocyte-derived oxidants serve a protective
function by killing invading bacteria and parasites. However, they can also have 
detrimental effects, causing tissue damage and contributing to the development or 
progression of numer

intermediates, which are generated by inflammatory phagocytes through the enzymat
synthesis of nitric oxide by an inducible nitric oxide synthase and the subs
interaction with molecular oxygen or reactive oxygen intermediates (Grisham, M.B., 
Jourd’heuil, D., Wink, D.A.: Review article: Chronic inflammation and reactive oxygen 
and nitrogen metabolism—implications in DNA damage and mutagenesis. Aliment

R, Van Rensburg EJ. Hypochlorous acid potentiates hydrogen peroxide-media
DNA-strand breaks in human mononuclear leucocytes. Mutat Res. 1992 
Feb;265(2):255-61). 

Aldehydes released from lipid hydroperoxides modify cellular DNA, forming cyclic 
etheno derivatives.  Some oxidized DNA nucleosides (i.e., 8-hydroxy-2´-
deoxyguanosine [8-OHdG], also known as 8-oxo-dG, 5-hydroxymethyl-2´-deoxyu

shown to be mutagenic.  Hence, they can a
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6.5.1 Proneop

Neoplasia is the ultimate, grandiose opportunist. 
Like ost, 

silence the obliging hand that had fed it. 
It lies in prolonged  shadowy recesses  

of the cell’s complex biochemical engine room.  
Then, in a momen xidant weakness, 
it lethally crawls forth from its hiding place 

igh, 

., et 
tivated 

 
 wide array of mechanisms to repair oxidatively damaged DNA, the 

repair process is slow and not always complete (Shacter, E., Beecham, E.J., Covey, 

rystyna Frenkel, oxidative stress triggers the adaptation by
tioxidant defenses. However, a prolonged exposure to reactiv
s, cytokines, a erwhelms those protective nd other inflammatory factors ov

ways that favor growth of mutated cells are activat
 of prostaglandins, which enhances cell proliferatioation n by up-regulati

kine interleukin (IL)-6 that serves as a growth factor, and down-regulating pathways 
tosis by activating transcription factor NF-kB and bcl-2 onc

lastic Mechanisms 

its chemical s off of its h viral kin, it feed
till its parasitic extremes  

 waiting, hidden in the deep,

t of proo

to selfishly do its dirty work. 
Spider venom-like, it gradually digests 

its host-victim, 
whilst deliriously cloning itself. 

Its job is now done. 
Its destiny is now realized. 

R. M. Howes, M.D., Ph.D. 
6/12/05 

Our best understanding of the proneoplastic activity of reactive oxygen and nitrogen 
intermediates comes from their ability to induce damage to DNA (Aust, A.E., Evele
J.F.: Mechanisms of DNA oxidation. Proc Soc Exp Biol Med 222:246-252, 1999) 
(Marnett, .L.J: Oxyradicals and DNA damage. Carcinogenesis 21:361-370, 2000). 
Exposure of cells to activated phagocytes leads to oxidative and nitrosative 
modification of bases, and single-strand breaks (Frenkel, K., Chrzan, K., Troll, W
al: Radiation-like modification of bases in DNA exposed to tumor promoter-ac
polymorphonuclear leukocytes. Cancer Res 46:5533-5540, 1986) (Schraufstätter, I., 
Hyslop, P.A., Jackson, J.H., et al: Oxidant-induced DNA damage of target cells. J Clin 
Invest 82:1040-1050, 1988) (Szabo, C., Ohshima, H.: DNA damage induced by 
peroxynitrite: Subsequent biological effects. Nitric Oxide 1:373-385, 1997). Despite the
presence of a

J.M., et al: Activated neutrophils induce prolonged DNA damage in neighboring cells. 
Carcinogenesis 9:2297-2304, 1988).  Further processing of damaged DNA leads to 
proneoplastic mutations, including point mutations, deletions, sister chromatid 
exchanges, and chromosomal translocations (Weitberg, A.B., Corvese, D.: 
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Translocation of chromosomes 16 and 18 in oxygen radical-transformed human lung 
fibroblasts. Biochem Biophys Res Commun 169:70-74, 1990).   Other authors point 
out that neither superoxide anion nor hydrogen peroxide will produce DNA 
oxidative changes but singlet oxygen is capable of producing the 8-OH guanosine
derivative. 

Proteins and lipids are also significant targets for oxidative attack, and modification of 
these molecules can increase the risk of mutagenesis (Shacter, E.: Quantification
significance of protein oxidation in biological samples. Drug Metab Rev 32:307-3
2000) (Roberts, L.J., Morrow, J.D.: The isoprostanes: Novel markers of lipid 
peroxidation and potential mediators of oxidant injury. A

 

 and 
26, 

dv Prostaglandin Thromboxane 
Leukot Res 23:219-224, 1995).  For example, oxidative modification of lipids can cause 

react 
d 

ents 
 nitrogen intermediates or prevent their 

formation inhibit induction of DNA damage, mutagenesis, and transformation by 
nts 

 

 

tes signal 
transduction and cell proliferation. This can also be considered a good thing.  In 

e for 

nt 

Reactive oxygen and nitrogen intermediates have varying degrees of reactivity and 

e 
rane-

 

mutagenesis through the formation of genotoxic lipid peroxidation by-products that 
with the DNA (Wiseman, H., Halliwell, B.: Damage to DNA by reactive oxygen an
nitrogen species: Role in inflammatory disease and progression to cancer. Biochem J 
313:17-29, 1996).  Protein oxidation may indirectly promote mutagenesis through 
oxidative modification of DNA polymerase or inhibition of DNA repair enzymes. Ag
that either scavenge reactive oxygen and

inflammatory phagocytes. This forms the basis for the theory that dietary antioxida
can inhibit the development or progression of cancer.   

It is important to point out that antioxidants have failed to prevent, control or 
reverse cancer.  Thus, the theory is wrong and it is time that researchers stop 
incriminating EMODs as a mutagenic agent merely because artifactual in vitro data
suggests that oxidative attacks on DNA may increase the risk of mutagenesis.   We 
must never forget that in vitro studies may have little resemblance to the events
occurring in the living/breathing cell. 

Chronic exposure to low levels of reactive oxygen intermediates stimula

addition, subtoxic levels of reactive oxygen intermediates induce activation of genes that 
support escape from normal growth controls, including induction of genes that cod
antioxidant enzymes such as catalase and superoxide dismutase.  Overexpression of 
these proteins can result in adaptation and survival in the face of high levels of oxidants 
that should be cytotoxic (Guyton, K.Z., Spitz, D.R., Holbrook, N.J.: Expression of stress 
response genes GADD153, c-jun, and heme oxygenase-1 in H2O2- and O2-resista
fibroblasts. Free Radic Biol Med 20:735-741, 1996). 

6.5.2 Superoxide, Hydrogen Peroxide, and the Hydroxyl Radical 

diffusability that influence their mutagenic potential (Aust, A.E., Eveleigh, J.F.: 
Mechanisms of DNA oxidation. Proc Soc Exp Biol Med 222:246-252, 1999).  Superoxid
is the primary product of the phagocytic oxidative burst and is generated by a memb
associated nicotinamide adenine dinucleotide phosphate (NADPH) oxidase.  Superoxide
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is not particularly reactive with biomolecules and cannot diffuse across cell 
membranes. It rapidly dismutates—either spontaneously or catalytically through the 
action of superoxide dismutase—to hydrogen peroxide, which also is not particularly 
reactive on its own. However, hydrogen peroxide can diffuse significant distances 
and cross cell membranes like water. 

The biological danger from superoxide and hydrogen peroxide comes when there is a 

 the transition metals in the reduced state, 
thus supporting radical formation. The hydroxyl radical is too reactive to diffuse any 

t. 
 On the 

ved 
 

redox-active transition metal present, such as iron (Fe) or copper (Cu), which normally 
is quite rare.  Interaction of Fe2+ or Cu1+ with hydrogen peroxide generates highly 
reactive radicals such as the hydroxyl or ferryl radicals. Superoxide serves as a source 
of hydrogen peroxide and acts also to maintain

significant distance and will react with the first molecule with which it comes in contac
Hence, the site where the hydroxyl radical is formed is also the site of its damage. 
other hand, hydroxyl radicals can react with themselves and produce H2O2, a great 
cellular secondary messenger. 

DNA contains a significant amount of bound iron and copper. When phagocyte-deri
hydrogen peroxide diffuses into the nucleus of the target cell, it may interact with the
transition metal on the DNA, forming a radical and giving rise to strand breaks and base 
modifications but this is a controversial point. 

Hydrogen peroxide (H2O2) is suspected to be involved in numerous brain pathologies 
such as neurodegenerative diseases or in acute injury such as ischemia or trauma. 
Investigators examined the ability of pyruvate to improve the survival of cultured striatal 

neurons exposed for 30 min to H2O2, as estimated 24 hr later by the 3-[4,5-
dimethylthiazol-2-yl] 2,5-diphenyltetrazoliumbromide assay. Pyruvate strongly 
protected neurons against both H2O2 added to the external medium and H2O2 
endogenously produced through the redox cycling of the experimental quinone 
menadione. Several other -ketoacids, including -ketobutyrate,  

 
which are not an energy 

substrate, reproduced the neuroprotective effect of pyruvate. In contrast, lactate, a 
ction neuronal energy substrate, did not protect neurons from H2O2. Optimal neuroprote

was achieved with relatively low concentrations of pyruvate ( 1 mM), whereas at hig
concentration (10 mM) pyruvate was ineffective.

h 
om the 

s 

mber 

be removed from neuronal metabolism.  

including neurons produce large amounts of H2O2. Because of its high membrane 
 

 not 
ed, the 

 This “paradox” could result fr
cytosolic acidification induced by the cotransport of pyruvate and protons into neurons. 
These results indicate that pyruvate partially protects neurons against both exogenou
and endogenous H2O2. (S Desagher, J Glowinski, and J Prémont. Pyruvate Protects 
Neurons against Hydrogen Peroxide-Induced Toxicity.  J Neuro Sci. Volume 17, Nu
23, Issue of December 1, 1997).  Here is another “paradox.”  This may indicate that 
peroxide is not meant to 

Under pathological situations such as ischemia-reperfusion, various cell types 
 

permeability (Halliwell B (1992) Reactive oxygen species and the central nervous
system. J Neurochem 59:1609-1623), Halliwell believes that H2O2 can be cytotoxic
only for the producing cell but also for neighboring cells. As generally accept
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enzymatic cellular defense against H2O2 includes catalase and glutathione perox
Some believe that catalase

idase. 

 in neurons 

er, tumor cell killing by 5-
iminodaunorubicin, a doxorubicin analog with a modified quinone function that prohibits 

idation-reduction cycling, was not ameliorated by any of the free radical scavengers 

cal, or 
, 

d 

xyl 

 

n 

f a two 
table, and as such, excreted by the 

organism in a detoxification pathway. In some cases such as aziridine quinones, the 
ctron at a time resulting in the production of 

superoxide, the semiquinone and the parental quinone. Quinone anticancer agents upon 
one 

ng thus allowing 
for the detection of the semiquinone under aerobic conditions. This phenomenon is 

metabolism of quinone-containing alkylating agents: free radical production and 

 plays a predominant protecting role against H2O2 within 
astrocytes, whereas glutathione peroxidase is the main protective enzyme  

(Desagher et al., 1996). 

6.5.3 Hydrogen Peroxide and Hydroxyl Radical Antineoplastic Cytotoxicity 

The cytotoxicity of the clinically important antineoplastic quinones doxorubicin, 
mitomycin C, and diaziridinylbenzoquinone for the Ehrlich ascites carcinoma was 
significantly reduced or abolished by the antioxidant enzymes catalase and 
superoxide dismutase, the hydroxyl radical scavengers dimethyl sulfoxide, 
diethylurea, and thiourea, and the iron chelators deferoxamine, 2,2-bipyridine, and 
diethylenetriaminepentaacetic acid. Howev

ox
tested. Furthermore, treatment of intact tumor cells with doxorubicin, mitomycin C, and 
diaziridinylbenzoquinone but not 5-iminodaunorubicin generated the hydroxyl radi
a related chemical oxidant, in vitro in a process that required hydrogen peroxide, iron
and intact tumor cells. These results suggest that drug-induced hydrogen peroxide an
hydroxyl radical production may play a role in the antineoplastic action of redox 
active anticancer quinones (J H. Doroshow. Role of Hydrogen Peroxide and Hydro
Radical Formation in the Killing of Ehrlich Tumor Cells by Anticancer Quinones. PNAS 
June 15, 1986, vol. 83, no. 12, 4514-4518).  

  
The metabolism of quinone-containing antitumor agents involves enzymatic reduction of
the quinone by one or two electrons. This reduction results in the formation of the 
semiquinone or the hydroquinone of the anticancer drug. The consequence of these 
enzymatic reductions is that the semiquinone yields its extra electron to oxygen with 
the formation of superoxide radical anion and the original quinone. This reductio
by a reductase followed by oxidation by molecular oxygen (dioxygen) is known as 
redox-cycling and continues until the system becomes anaerobic. In the case o
electron reduction, the hydroquinone could become s

hydroquinone can be oxidized by one ele

reduction can also set up an equilibrium between the hydroquinone, the parental quin
and the semiquinone which results in a long-lived semiquinone. Depending on the 
compound, aziridine quinones, for example, this equilibrium is long lasti

known as comproportionation-disporportionation equilibrium. (Gutierrez PL. The 

measurement. Front Biosci. 2000 Jul 1;5:D629-38). 

6.5.4 Hydroxyl Radical Scavengers 
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Agents that are known to be scavengers of hydroxyl radicals inhibit lymphocyte
mitogenesis induced by phorbol myristate acetate (PMA) to a greater

 
 extent than they 

inhibit mitogenesis induced by concanavalin A or phytohemagglutinin.  

thyl sulfoxide, diethylurea, and thiourea. 

vid, 

d 
ononuclear cells with PMA increased cellular guanylate cyclase in most experiments, 

nhibition of PMA-
 of 

 

e requirements of the mitogens. The data suggest that hydroxyl radicals may 
be involved in mediating the triggering signal for lymphocyte activation. Some of the 

at 

kly 

 with 
; 200 
 Pines 

M, Avni Y. Prevention of hepatic cirrhosis in rats by hydroxyl radical scavengers. J 

 of malondialdehyde, lipid peroxides 
and protein carbonyls were not lower in the DMSO- and DMTU-treated groups. I 
believe that this indicates that the levels of O2

.- and H2O2 were not reduced by treatment 
used in this study and yet, even though they were apparently present in high 

The hydroxyl radical scavengers are dime

These hydroxyl scavenging agents include: dimethyl sulfoxide, benzoate, thiourea, 
dimethylurea, tetramethylurea, L-tryptophan, mannitol, and several other alcohols. 
Their inhibitory effect is not associated with cytotoxicity (A Novogrodsky, A Ra
AL Rubin, and KH Stenzel. Hydroxyl Radical Scavengers Inhibit Lymphocyte 
Mitogenesis. PNAS February 15, 1982, vol. 79, no. 4, 1171-1174).   

Glutathione is effective against hydrogen peroxide and hydroxyl radicals. Melatonin 
is a potent inhibitor of hydroxyl radicals. 

The hydroxyl radical scavengers do not inhibit PMA-dependent amino acid transport in T 
cells or PMA-induced superoxide production by monocytes. Thus, they do not inhibit the 
primary interaction of PMA with responding cells. Treatment of peripheral bloo
m
and dimethyl sulfoxide tended to inhibit this increase. In addition to i
induced mitogenesis, hydroxyl radical scavengers markedly inhibited the activity
lymphocyte activating factor (interleukin 1). The differential inhibition of lymphocyte
mitogenesis induced by different mitogens appears to be related to the differential 
macrophag

hydroxyl radical scavengers are inducers of cellular differentiation, and it is possible th
their differentiating activity is related to their ability to scavenge free radicals.  
 
Other studied hydroxyl radical scavengers are dimethyl sulfoxide, p-
nitrosodimethylaniline, ethanol, benzoate, salicylate and thiourea. The nitric oxide 
synthase inhibitor NG-nitro-L-arginine methyl ester (L-NAME) reacts more quic
with OH. than the established 'OH. scavenger' mannitol and the widely used `OH. trap' 
salicylate. 

Reactive oxygen species and oxidative stress were implicated in hepatic stellate cell 
activation and liver fibrosis. Cirrhosis was induced by administration of thioacetamide 
(TAA; 200 mg/kg, i.p.) twice/week, for 12 weeks. Rats were treated concurrently
either dimethylsulfoxide (DMSO; 4 g/kg, s.c. or p.o.) or dimethylthiourea (DMTU
mg/kg i.p.) three times a week (Bruck R, Shirin H, Aeed H, Matas Z, Hochman A,

Hepatol. 2001 Oct;35(4):457-64). Liver fibrosis (histopathological score, spleen weight, 
and hepatic hydroxyproline) was abolished in rats treated with TAA and either DMSO or 
DMTU (P < 0.001). However, the hepatic levels
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concentrations, they were not responsible for formation of liver fibrosis and 
cirrhotic changes.  Also, remember that DMSO can stimulate RONS production. 

Other investigators claim that potent radical scavengers such as vitamin C and indoles 
 melatonin and its precursor 5-hydroxytryptophan (5-HTP), can 

avert the potential damage of hydroxyl radicals. 

 of the 

t. 

 

 superoxide, which have limited reactivity with 
biomolecules, peroxynitrite and its hydrogenated counterpart peroxynitrous acid 

 
 

ne of 

 to bring 
about DNA base modifications, strand breaks, and mutations through oxidative 

oducts of nitric oxide synthesis have a second important 
pathway for inducing mutations that comes from the formation of nitrosamines through 

d by 
 

utrophils, 
monocytes, and eosinophils generate large quantities of hypochlorous acid, the active 

i ach. The formation of hypochlorous acid from hydrogen 
peroxide and chloride is catalyzed by myeloperoxidase, which comprises 

 oxidant that also has the ability 
to diffuse across cell membranes, and although it is not thought to cause DNA strand 
breaks

6.5.7 

of the tryptophan family,

The above data indicates that the hydroxyl radical has natural scavengers
urea group and L-tryptophan.  Again, to me, this does not appear to be much of a 
naturally evolved protective system for such a purported dangerous oxidizing agen

6.5.5 Peroxynitrite 

In addition to its pivotal role in supporting the formation of the hydroxyl radical,
superoxide has the additional effect of reacting with nitric oxide to generate 
peroxynitrite.  Unlike nitric oxide and

react with most biomolecules yet have a significant diffusion distance as well—a
potent combination. Peroxynitrite generated outside of the cell can cause damage to the
DNA inside the nucleus. In this regard, the formation of peroxynitrite may be o
the most dangerous products of activated phagocytes. Note that in order for 
peroxynitrite to be formed, both NADPH oxidase and nitric oxide synthase must 
simultaneously be active in the cell. 

Reactive nitrogen intermediates can induce DNA damage and mutations via several 
different mechanisms.  Like the hydroxyl radical, peroxynitrite has the ability

mechanisms. In addition, the pr

N-nitrosation of secondary amines. N-nitrosamines are highly mutagenic and 
carcinogenic and, hence, may be particularly important mediators of carcinogenesis 
induced during chronic inflammation (Szabo, C., Ohshima, H.: DNA damage induce
peroxynitrite: Subsequent biological effects. Nitric Oxide 1:373-385, 1997).

6.5.6 Hypochlorous Acid 

In addition to synthesizing superoxide and nitric oxide, activated ne

ingred ent in household ble

approximately 5% of the total protein of neutrophils, or by the homologous 
eosinophil peroxidase. Hypochlorous acid is a strong

, it can cause DNA base modifications leading to mutations. 

Lines of Evidence 
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NA polymerase to generate GC-to-TA transversions (Aust, A.E., 

:246-

nts on 
 formation. J Clin Invest 75:1835-

• 

bited 
ndicating that oxidants are mediators of 

• 
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, 13, and 

•  
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es (Ray, G., Batra, S., Shukla, N.K., et al: 
Lipid peroxidation, free radical production and antioxidant status in breast cancer. 

P., 

t for the theory that phagocyte-derived oxidants contribute to mutagenesis and 
genesis comes from several lines of evidence. 

Inflammatory phagocytes have the capacity to induce oxidative and nitrosative 
DNA damage and mutagenesis in neighboring cells. Thus, co-incubation of cells 
with activated neutrophils or macrophages fosters the induction of strand bre
and oxidative base damage. The most common mutations induced by reactiv
oxygen and nitrogen intermediates are base modifications leading to point 
mutations. Prominent among these is 8-oxo-2-deoxyguanosine (8-oxodG), wh
is misread by D
Eveleigh, J.F.: Mechanisms of DNA oxidation. Proc Soc Exp Biol Med 222
252, 1999). In addition, oxidants cause the formation of gross chromosomal 
abnormalities such as sister chromatid exchanges, deletions, and inversions 
(Weitberg, A.B., Weitzman, S.A., Clark, E.P., et al: Effects of antioxida
oxidant-induced sister chromatid exchange
1841, 1985).  
Incubation with activated neutrophils or macrophages results in neoplastic 
transformation of fibroblasts and epithelial cells.  The induction of chromosomal 
damage and neoplastic transformation by activated phagocytes can be inhi
with antioxidant compounds, i
phagocyte-mediated cell transformation.  
The types of mutations found in some tumor cells are reflective of oxidative 
damage. For example, the GC-to-TA transversions that are induced by reactiv
oxygen and nitrogen intermediates are commonly found in Ras codons 12
61, leading to activation of the oncogene, and in "hot spots" in the tumor-
suppressor genes p53 and Rb.  
Tumor promoters such as PMA and benzoyl peroxide are known for their ability
to activate the oxidative burst of neutrophils and macrophages, and PMA causes 
oxidative base damage in the skin (We, H., Frenkel, K.: In vivo formation of 
oxidized DNA bases in tumor promoter-treated mouse skin. Cancer Res 
4443:4449, 1991). This represents a possible common mechanism of tumor 
promotion by these agents. Compounds that inhibit tumor promotion in the 
mouse skin cancer model also inhibit the respiratory burst of phagocytes.  
Chronic inflammation is accompanied by increased production of tissue reactive 
oxygen and nitrogen intermediates. Evidence of this process is documented in 
studies of the markers of oxidative activity in vivo. Thus, oxidatively and 
nitrosatively modified DNA and proteins are present in chronically inflamed 
tissue or the body fluids of patients with chronic inflammatory conditions. The 
likely source of the oxidative activity is the polymorphonuclear neutrophils and 
macrophages recruited as part of the inflammatory response. Markers of oxidative 
damage are also elevated in tumor tissu

Breast Cancer Res Treat 59:163-170, 2000) but it is unclear whether these are 
caused by oxidants generated by inflammation-associated leukocytes or whether 
the damaging oxidants come from the tumor cells themselves (Szatrowski, T.
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Nathan, C.F.: Production of large amounts of hydrogen peroxide by human tumo
cells. Cancer Res 51:794-798, 1991).  

In addition, the inducible form of nitric oxide syntha

r 

se, thought to be responsible for the 
generation of nitric oxide in inflamed tissues, is up-regulated in chronically inflamed 

t is 
e 

l, 

xidants 

 
to mutagenesis, I do not 

believe that it is so.  Presently, there is increasing evidence against the Free Radi-
e stress and aging, the most significant of which, is the 

simple fact that antioxidants do not prevent, control or reverse cancer and 

nts 
 

te to the 
development of cancer (Baron, J.A., Sandler, R.S.: Nonsteroidal anti-inflammatory 

-
and endothelial cells. In vitro 

expression of COX-2 is induced by bacterial cell products and inflammatory cytokines. 
thesis can also be stimulated by peroxynitrite, thereby 

providing for synergy between these two procarcinogenic inflammatory mediators. 

 

tissues, including gastric tissue associated with H pylori infection.  While increased 
expression of inducible nitric oxide synthase is seen in inflammatory bowel disease, i
unclear whether it actually promotes or attenuates the inflammatory condition, becaus
knockout mice display an increased susceptibility for colitis (Mashimo, H., Goya
R.K.: Lessons from genetically engineered animal models. IV. Nitric oxide synthase gene 
knockout mice. Am J Physiol 277:G745-750, 1999). 

Overall, although there is some disagreement as to whether phagocyte-derived o
contribute to tumorigenesis (Collins AR: Oxidative DNA damage, antioxidants, and 
cancer. Bioessays 21:238-246, 1999) there is a significant body of experimental data 
supporting the conclusion that they do.  Although the preponderance of the data
supports the theory that reactive oxygen species contributes 

Crap theory of oxidativ

atherosclerotic disease.  If these diseases are due to oxidation, then antioxidants 
should stop them, but they do not.  In fact, there is increasing evidence that patie
taking various form of β-carotene and α-tocopherol and vitamin C, have had
increasing strokes, cancers and fatal cardiovascular events. 

6.5.8 Prostaglandins 

Evidence from human and animal studies suggests that prostaglandins contribu

drugs and cancer prevention. Annu Rev Med 51:511-523, 2000) (Prescott, S.M., 
Fitzpatrick, F.A.: Cyclooxygenase-2 and carcinogenesis. Biochim Biophys Acta 
1470:M69-M78, 2000). Prostaglandins such as prostaglandin E2 (PGE2) are lipid 
mediators of the inflammatory immune response and are derived from oxidative 
metabolism of arachidonic acid. These lipids are synthesized in large quantities by 
inflammatory cells in response to both acute and chronic inflammatory stimuli. 

Two different cyclooxygenase (COX) enzymes catalyze the rate-limiting first step in 
prostaglandin synthesis.  COX-2 is expressed during inflammation. Its primary site of 
synthesis is inflammatory monocytes and macrophages, but it is also expressed in non
inflammatory cells such as fibroblasts, epithelial cells, 

Notably, prostaglandin syn

Experimental induction of COX-2 in animal models is accomplished with agents that 
induce chronic inflammation such as administration of azoxymethane to rats. COX-1 is a
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constitutive enzyme expressed in most cell types and is associated with regulation of 
housekeeping functions such as gastric acid secretion. 

6.5.9 Lines of Evidence 

Two significant findings represent strong evidence that prostaglandins mediate human 
inflammation-associated carcinogenesis. First, the incidence and progression of colon
cancer is diminished by long-term intake of nonsteroidal anti-inflammatory drugs 
(NSAIDs) such as aspirin or sulindac. (Baron, J.A., Sandler, R.S.: Nonsteroidal anti-
inflammatory drugs and cancer prevention. Annu Rev Med 51:511-523, 2000) (Waddell,
W.R., Ganser, G.F, Cerise, E.J., et al: Sulindac for polyposis of the colon. Am J Surg 
157:175-179, 1989) (Jones, M.K., 

 

 

Wang, H., Peskar, B.M., et al: Inhibition of 
angiogenesis by nonsteroidal anti-inflammatory drugs: Insight into mechanisms and 

 
is 

ts 

ted with an 
increased risk of colon carcinogenesis. The endogenous agents responsible for inducing 

c mucosa are unknown as yet. COX-2 is also 
over-expressed in 85% of adenocarcinomas, suggesting that there is a link between 

onic mucosa. PGE2 is 
also elevated in the tumor tissue and blood of patients with colon cancer. If these 
pro g y not only prevent colon 
carc o

6.5.10 

Many d s have been proposed to explain how prostaglandins promote 
tum ig

• 

• 
m 

• 

• 

implications for cancer growth and ulcer healing. Nat Med 5:1418-1423, 1999). These 
drugs share the ability to inhibit cyclooxygenase activity and prostaglandin synthesis. 
Although this may not be their only mechanism for inhibiting tumor development, it is a
likely mechanism because other activities of NSAIDs, such as inhibition of angiogenes
require high drug concentrations that are unlikely to be achieved at therapeutic doses in 
humans. I believe that it is the prooxidant activity of aspirin that is responsible for i
ability to inhibit tumor growth. 

Second, COX-2 is elevated in inflammatory bowel diseases and is associa

COX-2 expression in the inflamed coloni

COX-2 activity and tumor growth. The likely cellular sources of prostaglandins in tumor 
tissue are the inflammatory monocytic cells that infiltrate the col

sta landins promote tumor growth, then NSAIDs ma
in genesis but may also provide a means of limiting tumor progression. 

Mechanisms of Tumorigenesis 

ifferent mechanism
or enesis.  These mechanisms are briefly described below. 

• Prostaglandins can stimulate cell proliferation.  
PGE2 induces synthesis of cytokines such as IL-6 that serve as tumor growth 
factors.  
Synthesis of prostaglandins is coupled with formation of DNA-reactive by-
products with mutagenic potential; e.g., formation of malondialdehyde fro
prostaglandin G2.  
COX enzymes can catalyze the oxidative metabolism of xenobiotics, leading to 
the formation of genotoxic mutagens.  
Prostaglandins can induce angiogenesis, which is required for growth and 
metastasis of tumors. Some evidence of this comes from the demonstration that 
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NSAIDs inhibit angiogenesis in vitro. It has been suggested that these drugs ma
not be acting

y 
 entirely through the inhibition of PGE2 synthesis because the 

e achieved in vivo. In contrast, 
e 

.M.: 
 their mechanism of action. Inflamm Res 47:S78-

• e also 
ve. By inhibiting the functions of T cells and macrophages, 

they may decrease immune surveillance and thereby allow nascent tumor cells to 
tion by the immune system.  

• Prostaglandins may inhibit apoptosis of tumor cells by increasing expression of 

 number of cytokines and chemokines that can 
promote the outgrowth of neoplastic cells. These factors are produced in response to 

 a 
 

any 

nce in human disease are the growth 
dependence of AIDS- and EBV-associated B-cell lymphomas, B-cell leukemias, and 

ultiple myeloma on the inflammatory cytokines IL-6 and IL-15,( Trentin, L., 
Cerutti, A., Zambello, R., et al: Interleukin-15 promotes the growth of leukemic cells of 

atients with B- cell chronic lymphoproliferative disorders. Blood 87:3327-3335, 1996) 
and the dependence of malignant mesothelioma on platelet-derived growth factor. 

major sources of cytokines that promote 
outgrowth of preneoplastic and malignant cells, in addition to autocrine growth factor 

addition of exogenous PGE2 fails to overcome the inhibitory effect of the 
NSAIDs.[68] However, the concentrations of NSAIDs required to inhibit 
prostaglandin-independent angiogenesis in vitro are quite high (e.g., 250 to 500 
µM of indomethacin) and are unlikely to b
inhibition of prostaglandin synthesis by NSAIDs occurs at concentrations that ar
achieved in vivo (e.g., 1 µM or less for indomethacin) (Vane, J.R., Botting, R
Anti-inflammatory drugs and
S87, 1998)  
In addition to serving as proinflammatory mediators, prostaglandins ar
immunosuppressi

escape detec

the anti-apoptotic oncogene bcl-2 or by removing arachidonic acid, which is 
thought to be proapoptotic.  

• Prostaglandins can stimulate cell signaling through peroxisome-proliferator–
activated receptor delta, a transcription factor that regulates proliferation-
associated genes.  

6.5 11 Cytokines 

Inflammatory cells secrete a large

proinflammatory stimuli such as bacterial lipopolysaccharide. Neoplastic cells have
reduced need for normal metabolic factors, but they often require the presence of specific
cytokines in order to proliferate, at least in the early stages of tumor development. M
tumor cells developing in chronically inflamed tissue cultivate a growth advantage by 
acquiring the ability to proliferate in response to cytokines. They may express growth 
factor receptors abnormally or alter their response to the factors by undergoing cell 
division instead of differentiation. 

Examples of tumor cell cytokine depende

m

p

Monocytes, macrophages, and T cells are 

production by the tumor cells themselves. 
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6.5.12 Tumor-Progression Mechanisms 

Cytokines can contribute to tumor progression by mechanisms other than direct 
stimulation of cell growth. One such mechanism involves inducing the production of 

 

noma. 

rough two different mechanisms. One involves 
induction of angiogenesis, possibly through the synthesis of matrix metalloproteinases. In 
addition, IL-8 recruits inflammatory neutrophils to the site of inflammation and may 
thereby increase formation of reactive oxygen and nitrogen intermediates. Some 
cytokines may also promote tumorigenesis by inducing immunosuppression, as is 
suggested for transforming growth factor-beta. 

6.5.13 NSAIDs and Novel Agents 

Chronic intake of NSAIDs may reduce carcinogenesis by inhibiting production of 
prostaglandins, cytokines, and angiogenic factors. Note that NSAIDs do not eliminate 

 the production of selected inflammatory 
factors. Hence, unlike steroids, they do not suppress elements of the immune 

hich also 

development of chronic diseases such as atherosclerosis and cancer (see 

reactive oxygen and nitrogen intermediates. For example, TNF-alpha is known to
enhance the formation of reactive oxygen intermediates by neutrophils and other 
cells. IL-1-beta, TNF-alpha, and interferon (IFN)-gamma stimulate expression of 
inducible nitric oxide synthase and the formation of nitric oxide in cholangiocarci
This process has been shown to cause DNA damage and inhibit DNA repair in tumor 
cells. 

IL-8 can promote tumorigenesis th

inflammation but rather act by reducing

response that are necessary for tumor depletion such as T cells, NK cells, and 
macrophages. COX-2 selective inhibitors may provide a safer method for 
chemoprevention than older NSAIDs such as aspirin and indomethacin, w
inhibit COX-1 activity and cause gastric lesions. 

6.5.14 Potential Therapeutic Modalities 

The Food and Nutrition Board of the Institute of Medicine recently examined the role of 
oxidants in disease in order to determine whether dietary antioxidants inhibit the 

http://books.nap.edu/books/0309061873/html/index.html). The panel of experts 
concluded that, at present, there are insufficient human data to conclude that 
dietary antioxidants, such as vitamins C and E, carotenoids, and selenium, can 
prevent cancer. The lack of supportive evidence is due, in part, to the fact that the
Free Radi-Crap theory is wrong.  Trials that are of short duration or that are conducte
in older indivi

 
d 

duals may only be looking at tumor progression and not initiation events. 

ly in initiation through the induction of DNA damage, 
and this occurs years (or decades) before tumor outgrowth begins, then administration of 
If oxidants are involved primari

antioxidants over a narrow window of time later in life would likely be ineffective. 
Studies of NSAID inhibition of colon cancer indicate that the drugs must be taken for 
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many years in order to lower tumor incidence. The same may hold true for antioxidant
supplements. 

6.5.15 New DNA Confusion 

 

Challenging a scientific law of inheritance that has stood for 150 years, scientists say 
y 

n that were 
believed to be absolute since the mid-1800s when Austrian monk Gregor Mendel 

 experiment, researchers found that a plant belonging to the mustard and 
watercress family sometimes corrects the genetic code it inherited from its flawed parents 

Scientists said the discovery raises questions of whether humans also have the potential 
for avoiding genetic flaws or even repairing them, although the plant experiments did not 
directly address the possibility in higher organisms. They said the actual proteins 
responsible for making these fixes probably would be different in animals, if the capacity 
exists at all.  

ue experiments were conducted on Arabidopsis 
thaliana, a member of the watercress and mustard family that is commonly grown in the 

opsis thaliana plants with two copies of a 
mutant gene called "hothead" didn't always blossom with deformed flowers like their 

d 

ear to have kept a copy of the 
genetic coding from the grandparent plants and used it as a template to grow normally, 

However, Pruitt's team didn't find the template in the plants' DNA or chromosomes 
ular 

l 

plants sometimes select better bits of DNA in order to develop normally even when the
inherited genetic flaws from their predecessors.  The conclusion by Purdue University 
molecular biologists contradicts at least some basic rules of plant evolutio

experimented with peas and saw that traits — good or bad — are passed on from one 
generation to the next. Mendelian genetics has been the foundation of both crop 
hybridization and the understanding of basic cell mutations and trait inheritance.  

In the Purdue

and grows normally like its unflawed grandparents and other ancestors.  

Details of the experiments appear in 3-23-05 issue of the journal Nature.  

"This means that inheritance can happen more flexibly than we thought," said Robert 
Pruitt, the paper's senior author. The Purd

lab, but is not planted commercially.  

Researchers found that in 10 percent of Arabid

parents, which carried the mutant genes. Instead, those plants had normal white flowers 
like their grandparents, which didn't carry the hothead gene. So the deformity appeare
only for a single, previous generation.  

The scientists believe the plants with hothead genes app

perhaps when living conditions are not ideal.  

where genetic information is stored and they did not determine whether a partic
gene is encoded to carry out the recovery of the normal DNA. Finding where the norma
genetic template is stored and determining how it is triggered will take additional 
research and probably involve more genes, Pruitt said.  
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Humans and other animals do not carry the hothead gene, so if this process occurs in 
higher organisms it must use a different trigger, he said.  

The research was funded by the National Science Foundation.  The Purdue team 

 
g 

doubts. The subsequent experiments took about 18 months.  They had to rule out every 

ly 
s could be 

funded in parallel with the plant tests, she said. Other scientists described the result as 
spectacular" because it reveals a novel way in which the genome can heal itself.  

Detlef Weigel and Gerds Jurgen of the Max Planck Institute for Developmental Biology 
m for 

 
id, 

. N -

id test 
city 

produces 50% inhibition), showed that the compounds tested have the following 
yl 

glutathione > lipoic acid, ascorbic acid > cystine, GSSG, and uric acid. No 

submitted their preliminary lab observations and requested additional funding in 2002. 
But NSF program director Rita A. Teutonico said the proposal initially was rejected 
because the review panel "thought it was a mistake."  The researchers submitted it for a
second review six months later and she decided to fund the experiment despite lingerin

possibility of contamination," Teutonico said.  

For now, she said additional experiments probably will be conducted on plants to ful
describe the genetic template. But experiments on mice and other organism

"

in Germany wrote in an accompanying commentary in Nature that the mechanis
recovering the normal DNA in the plants might be lurking in the plant's RNA, 
which carries out genetic orders in cells, but is less stable than DNA.  

 
6.6 18.13  Hypochlorous Acid Scavengers 

Investigators observed that protein (bovine serum albumin) carbonyl content 
increases upon hypochlorite oxidation, and this increase is inhibited in a concentration-
dependent manner in the presence of hypochlorite scavengers. Based on this 
observation, we tested whether some known hypochlorite scavengers (lipoic acid,
cysteine, and glutathione) and some other antioxidants (uric acid, ascorbic ac
alpha-tocopherol, and probucol) could prevent protein carbonyl formation
acetylcysteine, dihydrolipoic acid, cysteine, and glutathione (reduced form, GSH), which 
otherwise could not be tested in a previously reported 5-thio-2-nitrobenzoic ac
system, were successfully evaluated in our assay. The hypochlorite scavenging capa
of different compounds, compared by determining the IC 50 (concentration which 

potency: dihydrolipoic acid > GSH, N -acetylcysteine > cysteine > S -meth

scavenging ability was observed for either alpha-tocopherol or probucol (Yan L.J.; 
Traber M.G.; Kobuchi H.; Matsugo S.; Tritschler H.J.; Packer L. Efficacy of 
Hypochlorous Acid Scavengers in the Prevention of Protein Carbonyl Formation.  
Archives of Biochemistry and Biophysics, March 1996, vol. 327, no. 2, pp. 330-334(5)).  

This study indicates that hypochlorous acid has many innate scavengers. 

Neutrophils use a bactericidal mechanism through the release of the enzyme 
myeloperoxidase which catalyzes the formation of the powerful oxidant hypochlorous 
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acid (HOCl) from H2O2 and Cl-. HOCl can inactivate alpha 1-antiproteinase (alpha 1-
AP) which causes increased proteolytic activity at sites of pulmonary inflammation. 
The search for possible HOCl scavengers usually involves time-consuming enzyme 
assays (e.g., alpha 1-AP and elastase). Investigators developed a method in which the 
compound 5-thio-2-nitrobenzoic acid could easily be oxidized by HOCl. The inhib
of this oxidation by a test compound is a

ition 
 measurement of its HOCl scavenging activity. 

To illustrate the method we tested some well-known HOCl scavengers such as S-
s such 

 
de 

 

e data indicate that HOCl 
 

l 
u 

 
b 

, 

 this, 

aging agents. The evidence is compelling that melatonin scavenges 
cluding the hydroxyl radical (OH), 

g 2 2  (1O2) and hypochlorous acid (HOCl). 
ite 
J, 

methylated glutathione and oxidized lipoate. Finally several anti-asthmatic drug
as terbutaline, isoproterenol, salbutamol, cromoglycate, theophylline, and dexamethasone
were evaluated. Only the drug terbutaline acted as a HOCl scavenger (Ching TL, 
Jong J, Bast A. A method for screening hypochlorous acid scavengers by inhibition of the 
oxidation of 5-thio-2-nitrobenzoic acid: application to anti-asthmatic drugs. Anal 
Biochem. 1994 May 1;218(2):377-81). 

Known HOCl scavengers, such as methionine and N-acetylcysteine, partially 
preserved endothelium-derived NO bioactivity in response to HOCl. In an unanticipated
observation, HOCl-mediated impairment of NO bioactivity was prevented by 
manganese superoxide dismutase in a manner dependent on its enzymatic activity. 
Finally, we found that HOCl reduced endothelial nitric oxide synthase dimer stability, an 
effect that was also inhibited by superoxide dismutase. Thes
imparts a defect in endothelial NO production due to a superoxide-dependent reduction in
endothelial nitric oxide synthase dimer stability. This effect was not because of 
cytotoxicity, as HOCl treatment produced no significant change in endothelial cel
morphology or lactate dehydrogenase release (Stocker R, Huang A, Jeranian E, Ho
JY, Wu TT, Thomas SR, Keaney JF Jr. Hypochlorous acid impairs endothelium-derived
nitric oxide bioactivity through a superoxide-dependent mechanism. Arterioscler Throm
Vasc Biol. 2004 Nov;24(11):2028-33. Epub 2004 Aug 26). 

Scavengers of hypochlorite, a highly reactive oxidant produced by activated phagocytes
could have potential therapeutic effects in diseases in which this oxidant plays a 
pathogenic role. Flavonoids are polyphenolic substances present in food plants and 
have been extensively studied for their antioxidant properties against various free 
radicals. Flavonoids were found to be good hypochlorite scavengers in-vitro (Firuzi 
O, Mladenka P, Petrucci R, Marrosu G, Saso L. Hypochlorite scavenging activity of 
flavonoids. J Pharm Pharmacol. 2004 Jun;56(6):801-7). 

In the last decade, melatonin has been found to be highly protective against damage to 
macromolecules resulting from oxygen and nitrogen-based reactants. Considering
numerous studies have examined the mechanisms whereby this indoleamine directly 
detoxifies these dam
several oxygen-derived reactive agents in

ydro en peroxide (H O ), singlet oxygenh
Additionally, melatonin reportedly reacts with nitric oxide (NO), the peroxynitr
anion (ONOO-) and/or peroxynitrous acid (ONOOH) to detoxify them (Reiter R
Tan DX, Manchester LC, Lopez-Burillo S, Sainz RM, Mayo JC. Melatonin: 
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detoxification of oxygen and nitrogen-based toxic reactants. Adv Exp Med Biol. 
2003;527:539-48).  

6.6.1 18.16   NSAIDs and Novel Agents 
 
In the stomach, prostaglandins regulate bicarbonate production and release from the 
stomach cells and the amount of mucus released.  Prostaglandins can also cause 
inflammation in the body and they are controlled by two enzymes, COX-1 and COX-2.  

n, 
on of both COX 1 & 2.  

The medicines are usually used for pain relief and combating joint inflammation but by 

A newer class of NSAIDS was developed to primarily affect the COX-2 enzyme, such 

 

from heart-related problems, 
according to a study that raises fresh questions about the long-term use of Advil, Motrin 

 

ude 
tually all other over-the-counter pain pills except 

acetaminophen or Tylenol.  Short-term use of these medications — two weeks or less — 

 
er 

s could prevent oral cancer because 

COX-1 is instrumental in the stomach-protecting prostaglandin and COX-2 is the 
inflammation-generating prostaglandin.   
 
Aspirin and other non-steroidal anti-inflammatory drugs (Advil, Aleve, Motrin, Voltare
Ibuprofen, Indocin, Orudis, Naprosin and others) inhibit the acti

depriving the stomach of it natural protection, they increase the risk of ulcers.   
 

that it could ease pain and inflammation without altering stomach protection.  These 
drugs include Celebrex, Vioxx and Bextra.  Vioxx was recently taken of the market 
because of a possible connection with heart problems.  On 12/17/04, it was announced 
that Celebrex produces a 2.5 fold increase in heart attacks.  
 
Patients with a high risk- for ulcers, who have to take an NSAID, are recommended to
also take an acid-suppressing drug such as Prilosec or Prevacid. 

Smokers who regularly took certain popular pain killers cut their risk of developing 
oral cancer but increased their chances of dying 

and Aleve, when results were presented on 4/17/05 at an American Association for 
Cancer Research meeting.  The findings add to the suspicion that the heart risk extends
beyond medications like Bextra, Vioxx and Celebrex to the larger family of pain 
relievers known as non-steroidal anti-inflammatory drugs, or NSAIDs. These incl
brands of ibuprofen and vir

for headaches or other pain is still considered safe.  

However, the study of smokers in Norway is the first evidence to support the recent 
federal Food and Drug Administration decision to warn about long-term use of all
of these drugs except aspirin. Many doctors have switched patients to over-the-count
NSAIDs since the prescription drugs Vioxx and Bextra were pulled from the market, 
believing them to be safer.  

Doctors in Norway wanted to see whether NSAID
other work suggested they helped ward off other cancers. They chose more than 3,000 
people at high risk for oral cancer because of their smoking habits from the Norwegian 
Cancer Registry, a database of more than 123,000 people. Over 20 years, 454 of them 
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developed oral cancer, and they were compared with 454 similar people who did not 
develop the disease. Of these 908 people, 263 had used NSAIDs daily for at least six 
months. They had a two-thirds lower risk of developing oral cancer, but scientists 
were puzzled because deaths were not lower.  

sers were dying at twice the rate of the others 

ers in 

ts for 
own, 

r. Jon Sudbo of the Norwegian Radium Hospital in Oslo.  He 

, said he would 

ight help prevent the 

en had prostate cancer at the start of this particular 
ext decade. Of those, 283 were advanced, 

or had spread widely in the body.  

A deeper look revealed that the NSAID u
from heart-related problems. There were 42 cardiovascular deaths among the 263 
painkiller users and 41 deaths among the much larger group of 562 people who had never 
taken such drugs. Risk was highest among ibuprofen users, who were nearly three 
times more likely to die of cardiovascular disease than non-NSAID users. Aspirin was 
the only NSAID that did not seem to raise the risk, but the numbers of aspirin us
the study were small.  

Scientists were astonished at the results.  

"Many of these deaths could have been avoided if we'd monitored these patien
cardiovascular disease, but nobody thought of it" because the risk wasn't kn
said the lead researcher, D
and some of his colleagues have been consultants for Pfizer Inc., which makes the 
NSAID Celebrex.  Dr. Raymond DuBois, a Vanderbilt University cancer expert who had 
no role in the work, said the results should persuade others to study over-the-counter 
drugs in more depth.  I believe that this study illustrates the bias of physicians and 
scientists who are on the pharmaceutical industry’s payroll.  All of these 
medications interfere with the function of the COX 1 and COX 2 systems and 
should thus, be expected to cause untoward effects.  This should be neither a 
surprise nor a paradox. 

Dr. Michael Thun, chief epidemiologist for the American Cancer Society
propose a larger study on over-the-counter NSAIDs using the cancer society's huge 
database, which contains information on more than 1.2 million Americans. "There are 
important uncertainties" about the results from just one study in people at high risk of 
cancer and heart disease because they smoke versus the general population, he said.  

Oral cancer is a deadly and disfiguring disease that is an especially big problem in Asia. 
Worldwide, about 275,000 cases and 127,000 deaths occur each year. In the United 
States, about 29,370 new cases and 7,320 deaths are expected this year.  

A large study suggested that cholesterol-lowering statin drugs m
most serious types of prostate cancer — those that kill or spread throughout the body. 
Men who took statins had half the risk of advanced prostate cancer as men who did 
not take such drugs, reported Elizabeth Platz of Johns Hopkins University, who did the 
study with Harvard University researchers and the National Cancer Institute. It involved 
34,438 men in the Health Professionals Follow-up Study, which has been going on at 
Harvard since 1986. None of the m
study in 1990, but 2,074 developed it over the n
including 206 that were fatal 
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While statins cut the chances of this, they made no difference in the risk of 

l not 

g 

n, in 
eir 40s and 50s at the beginning of the study.  Half took 100 mg of aspirin every other 

nd lacebo.  After following the women for a decade, there was no 
atistical difference between the two groups in the number of heart attacks, with 

portant exception:  women who were at least 65 years old at the start of the study 
ere less likely to suffer a heart attack if they followed the aspirin regimen.  Aspirin did 

 

e many 
cells. Obesity is caused by the increase 

 number and size of fat cells. Adipose tissue acts to insulate the body, cushion and 
t nd nerves, and to be used as energy storage. Adipose is 

a special type of connective tissue to store lipids or fats. The majority of lipids stored in 
 

6.7.2 Fat Cell Biometric B.S. 

 

d that roughly 7 out of 100 normal-weight people developed 
dementia. Among overweight people, the risk was almost 8 out of 100; and for obese 
people, it was 9 out of 100. This latest research comes amid questioning and confusion in 

developing cancer that remains confined to the prostate. Although several other large 
studies have concluded statins may cut the risk of cancer, specialists say there is stil
enough evidence yet to recommend them for that purpose.  

 
6.6.2 Aspirin Anomaly 
 
Low dose aspirin taken regularly seems to offer help to middle-aged men in avoidin
heart attacks but does not offer the same cardiovascular benefits for middle-aged 
women, although it does appear to lessen their risk of stroke.  Aspirin appears to help 
many women and men, who have already had a heart attack, avoid having a second one.  
A new study in the New England Journal of Medicine studied 40,000 healthy wome
th
day a  the rest took a p
st
one im
w
help protect women from strokes triggered by clots.  As expected, women on aspirin
suffered more internal bleeding and gastric problems than the placebo group. 
 
6.7 18.7  Obesity 
 
6.7.1 Fat Cell Facts 
 
Fat cells, or adipose tissue, are developed from mesenchymal cells. Humans, lik
other mammals, are not born with stores of fat 
in
protec  internal organs, muscles a

adipose cells are triglycerides from free fatty acids and glycerol. High insulin levels in
the body (caused by sugar entering the blood stream too quickly from eating simple and 
complex carbohydrates) stimulates the uptake of fatty acids and glucose and the 
formation of triglycerides in the human body. 
 

The most convincing research so far suggests that being fat in your 40s might raise 
your risk of developing dementia later in life. In a study that followed more than 10,000 
Californians for almost 30 years, researchers found that the fatter people were, the greater
their risk for Alzheimer's disease or other forms of dementia. The results were published 
online 4/29/05 by the British Medical Journal. 

The study data showe
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the United States over the dangers of being overweight. During the week of 4/22/05, 
U.S. Centers for Disease Control said a new analysis showed that being too fat caused
far fewer deaths than previous government estimates. The announcement led to 
attacks by critics and restaurant-funded groups who say the threat of fat has been hyped 
by the U.S. officials. 

Adjusting for conditions such as diabetes, heart disease and other factors, the study 
found a higher risk of dementia for heavy people.

the 
 

 Using the body-mass index, which 
measures height and weight to classify how fat people are, obese people were 74 percent 

t to 

However, when the researchers used skin-fold thickness, instead of the body-mass index, 
ere up 

 

 
a. "We really adjusted for everything under the sun 

that is related to dementia. We brought in stroke, high cholesterol, hypertension, diabetes, 
ect," 

 

I believe that it is because obese people have a relative constant hypoxia, which 

iency, 

 

 

ry chemicals, and there is evidence that these may cross into the brain. James 
suggested a dietary lack of the right kinds of fatty acids, such as those found in fish, 

n shown that the Western societies are short of fatty 
cids of this type," he said, adding that obese people "will be very deficient in these 
ng-chain essential fats, which are known to be fundamental for brain development." 

more likely to develop mind-robbing dementia than normal weight people. Overweight 
people were 35 percent more likely to develop it. The effect was more profound for 
women than men. Obese women were twice as likely as women of normal weigh
develop Alzheimer's disease or other types of dementia, while for men the risk 
increased by 30 percent. 

to measure obesity, there was no difference between the men and women; both w
to 70 percent more likely to develop dementia if they had a thick fold between the 
tweezers than if they had a thin fold of skin on the test. And the thicker the skin fold, the
higher the chance of later dementia, the study found. This shows a huge difference 
based solely on type of measurement used in the study. 

Perhaps the most impressive aspect of the study, according to James, is that the 
researchers eliminated the influence of heart disease, diabetes and other conditions that
might be the real culprits in dementi

heart disease — everything that has been implicated — and yet we still found this eff
said the study's leader, Dr. Rachel Whitmer, gerontological epidemiologist at the Kaiser
Permanente Medical Foundation. "That suggests that there's another pathway — it's not 
just that being overweight raises the risk of heart disease and diabetes and that's 
why these people get dementia."  

means that the oxygen dependent brain is gradually affected over time to develop 
dementia.  It has a deficiency state of oxygen and consequently, EMODs defic
which is necessary for proper brain function. This would also explain the associated 
onset of diseases such as heart disease and diabetes, which are increased in obese
patients. 

The study was not able to explain how obesity might increase the risk of dementia, but
does propose several theories. One is that fat cells are known to produce harmful, 
inflammato

might also be a factor. "It's bee
a
lo
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Scientists are studying whether fish oil supplements of omega 3 fatty acids can pre
dementia. 

6.7.3 Omega 3 Fatty Acids 
 

vent 

rated 
le bond 

ing 

vous system, the eye and platelets in the bloodstream are 
articularly vulnerable to a deficiency of linoleic acid. Alpha linolenic acid is an 

er blood cholesterol and triglyceride 
levels. The omega-3 fatty acids also reduce the stickiness of blood cells and favorably 

he 

al 
tors.  

ted to 

ding 

 
ed in 

 
Linoleic and alpha linolenic acids are both polyunsaturates which cannot be 
produced by the body and therefore must be obtained in our diet. A polyunsatu
carbon chain contains two or more carbon to carbon double bonds. If the doub
starts after the third carbon it is classified as an omega-3 fatty acid; if it starts after 
the sixth carbon, it is an omega-6 fatty acid and so on. 
 
They are called essential fatty acids and are necessary for such functions as cell-build
and hormone production. Linoleic acid is an omega-6 fatty acid and is a major 
component of brain tissue and cell membranes and is required for growth and 
development of infants. When the diet is low in linoleic acid, virtually all organ systems 
are impaired. The central ner
p
omega-3 fatty acid that has been shown to low

affect the immune system. Alpha-linolenic acid helps reduce the risk of stroke and 
coronary heart disease. (Reference: Canola & the Good News about Dietary Fat by t
Canola Council of Canada.) 
 
6.7.4 Hypoxia and Chronic Inflammation 

White adipose tissue is now recognised to be a multifunctional organ; in addition to 
the central role of lipid storage, it has a major endocrine function secreting sever
hormones, notably leptin and adiponectin, and a diverse range of other protein fac
It was previously believed that adipose tissue was relatively inert and served only as a 
storage site of fat.  These various protein signals have been given the collective name 
‘adipocytokines’ or ‘adipokines’. However, since most are neither ‘cytokines’ nor 
‘cytokine-like’, it is recommended that the term ‘adipokine’ be universally adop
describe a protein that is secreted from (and synthesised by) adipocytes. It is 
suggested that the term is restricted to proteins secreted from adipocytes, exclu
signals released only by the other cell types (such as macrophages) in adipose tissue. 
The adipokinome (which together with lipid moieties released, such as fatty acids
and prostaglandins, constitute the secretome of fat cells) includes proteins involv
lipid metabolism, insulin sensitivity, the alternative complement system, vascular 
haemostasis, blood pressure regulation and angiogenesis, as well as the regulation of 
energy balance. In addition, there is a growing list of adipokines involved in 
inflammation (TNF , IL-1 , IL-6, IL-8, IL-10, transforming growth factor- , nerve 
growth factor) and the acute-phase response (plasminogen activator inhibitor-1, 
haptoglobin, serum amyloid A). Production of these proteins by adipose tissue is 
increased in obesity, and raised circulating levels of several acute-phase proteins and 
inflammatory cytokines has led to the view that the obese are characterised by a state 
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of chronic low-grade inflammation, and that this links causally to insulin resistance an
the metabolic syndrome. It is, however, unclear as to the extent to which adipose tissu
contributes quantitatively to the elevated circulating levels of these factors in obesity and
whether there is a generalised or local state of inflammation. The parsimonious view is 
that the increased production of inflammatory cytokines and acute-phase proteins by 

d 
e 
 

adipose tissue in obesity relates primarily to localised events within the expanding fat 
depots. It is suggested that these events reflect hypoxia in parts of the growing adipose 
tissue mass in advance of (before) angiogenesis, and involve the key controller of the 

er, 2004). 

ng and weight patterns for our whole lives. 

stitute, 
ockerfeller University and Yale University (all in the USA) in a study in the April 2004 

said their findings bring us a 
ep closer to understanding (and one day helping) people who find it so difficult to lose 

f the neural circuits in the brain. 
 

an added 
 a statement. 

h 
by 

cher at the Oregon study, said "We're excited about this finding 
ecause it shows how exposure to leptin can directly affect development of brain 

lays an important 

cellular response to hypoxia, the transcription factor hypoxia inducible factor-1 (HIF-
1α) (Trayhurn, P., and Wood, S. Inflammation and the pleiotropic role of white adipose 
tissue.  British Journal of Nutrition, vol. 92, no. 3, pp. 347-355(9), Septemb

6.7.5 Leptin  

Leptin is a hormone that affects our weight and our appetites. It also helps wire up the 
brain in a way that decides whether we are going to be fat or slim. This wiring up of the 
brain, it seems, sets up our eati
 
This is according to a new study carried out at the Howard Hughes Medical In
R
issue of the journal Science.  The researchers in this study 
st
weight and not put it back on. 
 
The researchers at the three universities found that leptin affects two things: 
 
-- the physical structure of the neural circuits in the brain. 
 
-- the function o

Dr. Jeffrey Friedman, Rockefeller University, said "This is a very dynamic effect that's 
quite dramatic and somewhat surprising. In response to leptin, the cells create new 
connections. The malleability of these feeding circuits by leptin suggest the possibility 
that the brain's wiring may be different in lean versus obese individuals," Friedm
in

Researchers looked at the arcuate nucleus of the hypothalamus (part of the brain). They 
monitored the development of neurons (in mice). Genetically engineered mice whic
produced no letpin had less developed circuits than normal mice. However, if the ba
mice were give leptin their brains rewired and restored normal brain structure. 
 
Dr. Simerly, lead resear
b
structures involved in regulating body weight," Simerly said in a statement. Our 
findings suggest a link between the developmental actions of leptin and early onset 
obesity. We were shocked by how clear the result was. Leptin p
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role in brain development, by acting specifically on the clusters of brain cells that 
regulate food intake."  

e 

t 

le 

f 
 

 
It seems, said some of the researchers, that there are critical periods in our early lives 
when under or over-nutrition may affect the brain in a way that sticks with us for life. Th
affect could dictate our future general weight, appetite and health. 

6.7.6 Lipogenic Effect of Hypoxia 

Human mesenchymal stem cells (hMSCs) have the capacity to differentiate along 
several pathways to form bone, cartilage, tendon, muscle, and adipose tissues. The adul
hMSCs reside in vivo in the bone marrow in niches where oxygen concentration is 
far below the ambient air, which is the most commonly encountered laboratory 

condition. The study reported here was designed to determine whether oxygen has a ro
in the differentiation of hMSCs into adipocytes. Indeed, when exposed to atmosphere 
containing only 1% of oxygen, the formation of adipocyte-like phenotype with 

cytoplasmic lipid inclusions was observed. The effect of hypoxia on the expression o
adipocyte-specific genes was determined by real-time reverse transcription polymerase
chain reaction. Interestingly, neither of the two central regulators of adipogenesis—the 

transcription factors peroxisome proliferator-activated receptor 2 (PPAR- 2) and 
ADD1/SREBP1c—was induced. Furthermore, hypoxia did not have any effect on
transcription of early

 the 

ecific genes—leptin and adipophilin—was found 
responsive to the treatment. High level of induction, however, was observed with the 

 (lipoprotein lipase) or late (aP2) marker genes. By the same token, 
neither of the mature adipocyte-sp  

 

–induced angiopoietin-related gene, PGAR. The lack 
 

PPAR- of an adipocyte-specific 

transcription pattern thus indicates that despite accumulation of the lipid, true adipogenic 
t differentiation did not take place. In conclusion, hypoxia appears to exert a poten

lipogenic effect independent of PPAR- 2 maturation pathway (Fink, T. et al. 
Induction of Adipocyte-Like Phenotype in Human Mesenchymal Stem Cells by Hypoxia 
Stem Cells. 2004;22:1346-1355). 

6.7.7 EMODs are Anti-Adipogenic Signaling Molecules 

Recent reports emphasize the importance of mitochondria in white adipose tissue 
biology. In addition to their crucial role in energy homeostasis, mitochondria are one o
the main sites of EMODs generation. When moderately produced, EMODs function a
physiological signaling molecules. Thus, mitocho

f 
s 

ndrial reactive oxygen species 
trigger hypoxia-dependent gene expression. The present study tested the implication of 

itochondrial 
nges 
s. 
of 

mitochondrial EMODs in adipocyte differentiation and their putative role in the hypoxia-
dependent effect on this differentiation. Pharmacological manipulations of m
EMODs generation demonstrate a very strong and negative correlation between cha
in mitochondrial EMODs and adipocyte differentiation of 3T3-F442A preadipocyte
Moreover, mitochondrial EMODs positively and specifically control expression 
the adipogenic repressor CHOP-10/GADD153.  
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Hypoxia (1% O2) strongly increased EMODs generation, hypoxia-inducible factor
(HIF-1α) and CHOP-10/GADD153 expression, and inhibited adipocyte 
differentiation. All of these hypoxia-dependent effects were partly prevented by 
antioxidants. By using hypoxia-inducible factor-1alpha (HIF-1α)-deficient mous
embryonic fibroblasts, HIF-1α was shown not to be required for hypoxia-medi
CHOP-10/GADD153 induction. Moreover, the comparison of hypoxia and CoCl2 effects 
on adipocyte differentiation of wild type or HIF-1α deficient mouse embryonic 
fibroblasts suggests the existence of at least two pathways dependent or not on the 
presence of HIF-1α. Together, these data demonstrate that mitochondrial EMOD
control CHOP-10/GADD153 expression, are antiadipogenic signaling molecules, an
trigger hypoxia-dependent inhibition of adipocyte differentiation (C

-1 

e 
ated 

s 
d 

arriere A, 
Carmona MC, Fernandez Y, Rigoulet M, Wenger RH, Penicaud L, Casteilla L.  

  
Ds 

lasts 

to 

h 

n of 
adipocyte differentiation (Carriere A, Carmona MC, Fernandez Y, Rigoulet M, Wenger 

e ndrial reactive oxygen species control the 
transcription factor CHOP-10/GADD153 and adipocyte differentiation: a mechanism for 

n other 

ioxidants in reducing cardiovascular death and morbidity 
 clinical trials has led many investigators to question the importance of oxidative 
ress in human atherosclerosis.  Antioxidants are ineffective in reducing 

Mitochondrial reactive oxygen species control the transcription factor CHOP-
10/GADD153 and adipocyte differentiation: a mechanism for hypoxia-dependent effect.
J Biol Chem. 2004 Sep 24;279(39):40462-9.   I believe that this indicates that EMO
are normally low in adipose tissue, which “allows” for the multiplication of adipose 
cells and development of obesity.  From this data, high levels of EMODs would 
inhibit proliferation and differentiation of adipocytes and block development of 
obesity.  I believe that this may have future therapeutic application. 

Aging of the human skeleton is characterized by decreased bone formation and bone 
mass and these changes are more pronounced in patients with osteoporosis. Osteob
and adipocytes share a common precursor cell in the bone marrow.  Researchers data 
support the hypothesis that with aging and in osteoporosis an enhanced adipogenesis 
is observed in the bone marrow and that these changes are inversely correlated 
decreased trabecular bone volume (Justesen J., Stenderup K., Ebbesen E.N., Mosekilde 
L., Steiniche T., Kassem M. Adipocyte tissue volume in bone marrow is increased wit
aging and in patients with osteoporosis.  Biogerontology, vol. 2, no. 3, pp. 165-171(7), 
2001).  I believe that this indicates that with the decreased O2 consumption seen in 
aging, there is less O2 available to form EMODs, which have been shown to be 
antiadipogenic signaling molecules, and trigger hypoxia-dependent inhibitio

RH, P nicaud L, Casteilla L.  Mitocho

hypoxia-dependent effect.  J Biol Chem. 2004 Sep 24;279(39):40462-40469).  Thus, 
aging is associated with increasing weight gain and obesity and decreased EMODs 
levels.  The obesity, because of its inflammatory-like nature, increases hypoxia and 
leads to the allowance of cancer, diabetes, cataracts and atherosclerosis.  I
words, when viewed through my unifying postulates of UTOPIA, it all fits. 

6.8 19   Oxygen Metabolism 

Despite the demonstrated presumed role of antioxidants in cellular and animal studies, 
the ineffectiveness of ant
in
st
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cardiovascular death despite evidence for oxidative stress (OS) in cardiovascular 
iseases (CVD) from animal and human investigations (Madamanchi, N.R., Vendrov, 

function, atherosclerosis, arteriosclerosis, hyperoxia, hypoxia 
and hyperbaric oxygen. 

rticle:  

heart  

n 

exercise (West, J.B.  Cardiac energetics and myocardial oxygen consumption.  

 
A  

y 
 

2 
 
 

myocyte-specific HIF-1alpha deletion alters vascularization, energy availability, calcium 
flux and contractility in the normoxic heart.  FASEB j 2004; 18: 1138-1140).  Oxygen 
participates in the generation of NO, which plays a critical role in determining 
vascular tone, cardiac contractility, and a variety of additional parameters.  Oxygen is 
also central in the generation of reactive oxygen species (EMODs), which can participate 
as benevolent molecules in cell signaling processes or can allegedly induce irreversible 
cellular damage and death.  Oxygen is thus both vital and deleterious (Davies, K.J.  
Oxidative stress:  the paradox of aerobic life.  Biochem Soc Symp 1995; 61: 1-31). 
 
The heart can utilize a variety of metabolic fuels, including fatty acids, glucose, 
lactate, ketones and amino acids.  In the fed state, fatty acids are the preferred fuel, 
accounting for up to 90% of the total acetyl-CoA provided to cardiac mitochondria (Jafri, 
M.S., Dudycha, S.J. and O’Rourke, B.  Cardiac energy metabolism:  models of cellular 
respiration  Ann Res Biomed Eng  2001; 3: 57-81).  Fatty acids are metabolized by β-
oxidation, producing acetyl-CoA, NADH and FADH2.  The acetyl-CoA enters the 
Krebs cycle, producing more NADH and FADH2.  Glucose is metabolized initially via 

d
A. and Runge, M.S.  Oxidative stress and vascular disease.  Arterio Throm Vas Biol 
2005; 25: 29).  It is with this introduction that I would like to begin an in-depth 
discussion of cardiac 

 
 
6.8.1 Mammalian Heart Facts 
 
Some of the following materials was excerpted or modified from the following a
Giordano, F.J. Oxygen, oxidative stress, hypoxia and heart failure.  J Clin Invest. 
115:500-508 (2005). 
 
The mammalian heart is an obligate aerobic organ.  At a resting pulse rate, the 
consumes approximately 8-15 ml O2/min/100 g tissue.  This is significantly more 
than that consumed by the brain (approximately 3 ml O2/min/100 g tissue) and ca
increase to more than 70 ml O2/min/100 g myocardial tissue during vigorous 

Physiologic basis of medical practice. 1991; Williams and Wilkins.  Baltimore, MD  250-
260) (Braunwald, E.  Coronary blood flow and myocardial ischemia.  Heart disease:  a
textbook of cardiovascular medicine.  2001; W.B. Saunders Company.  Philadelphia, P
1161-1183).  Mammalian heart muscle cannot produce enough energy under 
anaerobic conditions to maintain essential cellular processes; thus, a constant suppl
of oxygen is indispensable to sustain cardiac function and viability.  The story of
oxygen in the heart is complex and goes well beyond its role in energy metabolism. 
 
Oxygen is a major determinant of myocardial gene expression, and as myocardial O
levels decrease, either during isolated hypoxia or ischemia-associated hypoxia, gene
expression patterns in the heart are significantly altered (Huang, Y., et al.  Cardia
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the glycolytic pathway, producing a relatively small amount of ATP and also pyruvate, 
which enters the Krebs cycle, producing NADH and FADH2.  In the absence of oxygen, 
the total amount of energy produced by these processes is insufficient to meet 
cardiac needs.  The cardiac energy requirement is met, however, by entry of the resultant 
NADH and FADH2 into the electron transport chain, which generates ATP by 
oxidative phosphorylation in the mitochondria.  Oxygen serves as the terminal 
electron acceptor in the electron transport chain, and in the absence of sufficient 
oxygen, electron transport ceases and cardiac energy demands are not met.  If 
oxygen is not supplied, death ensues. 
 
EMODs can be formed in the heart by a variety of mechanisms, including generation 
during oxidative phosphorylation in the mitochondria as a byproduct of normal cellular 
aerobic metabolism.  Thus, the major process from which the heart derives sufficient 
energy can also result in the production of EMODs.  Molecular oxygen, O2 is 
characterized as diradical, a property that allows liquid oxygen to be attracted to the poles 
of a magnet.  This property also dictates that full reduction of oxygen to water as a 
terminal event in the electron transport chain requires four electrons.  The sequential 
donation of electrons to oxygen during this process can generate EMODs as 
intermediates, and “electron leakage” can also contribute to the formation of EMODs.  

inglet oxygen (1O2), a very short-lived and reactive form of molecular oxygen in which 
f 

  +  OH   +  1O2) 
Boucher, F.R., Tanguy, S., Morel, S. and de Leiris, J.G.  Cardiac 

n in reperfusion injury.  Antioxid Redox Signal  
estigators have determined that, under 

reaction does not occur.  Its reaction 

MODs can be formed in the heart, and other tissues, by several mechanisms:  

 

 
Biol 

e 

S
the outer electrons are raised to a higher energy state, can be formed by a variety o

-mechanism, including the Haber-Weiss reaction (H2O2  +  O2
.-    .OH

(Toufektsian, M.C., 
toxicity of singlet oxygen:  implicatio
2001; 3: 63-69).  Please remember that other inv
physiological conditions, the Haber-Weiss 
kinetics are too slow to be of practical importance. 
 
E
-they can be produced by xanthine oxidase (XO), NAD(P)H oxidases  
-cytochrome P450  
-by autooxidation of catecholamines 
-by the action of cytokines and growth factors  
-and by uncoupling of NO synthase (NOS).   
NO contains an unpaired electron, and under certain conditions can react with O2

.- to
form peroxynitrite (ONOO-), a powerful oxidant.   
 
EMODs have important roles in biological processes, including the oxidative burst 
reaction essential to phagocytes (Hensley, K., Robinson, K.A., Gabbita, S.P., Salsman,
S. and Floyd, R.A.  Reactive oxygen species cell signaling and cell injury.  Free Rad 
Med  2000; 28: 1445-1462).  They are involved in a variety of cellular signaling 
pathways (Nishida, M., et al.  G alpha(i) and G alpha(o) are target proteins of reactiv
oxygen species.  Nature  2000; 408: 492-495), acting in some instances as second 
messengers downstream of specific ligands, including TGF-β1, PDGF, ATII, PGF-2, 
endothelin, and others (Sawyer, D.B., et al.  Role of oxidative stress in myocardial 
hypertrophy and failure.  J Mol Cell Cardiol  2002; 34: 379-388) (Thannickal, V.J. and 
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Fanbourg, B.L.  Reactive oxygen species in cell signaling Am J Physiol Lung Cell Mol 
Physiol  2000; 279: L1005-L1028).  EMODs are also involved in modulating the 

ctivity of specific transcription factors, including NF-кB and activator protein-1 
nd 
tioxid 

 
gradation of 

an 
ion. 

 

 

004; 
4:9414-9423) (Ho, Y.S., Magnenat, J.L., Gargano, M. and Cao, J.  The nature of 

antioxidant defense mechanisms:  a lesion from transgenic studies.  Environ Health 
Perspect  1998; 106(Suppl 5): 1219-1228) (Yen, H.C., Oberley, T.D., Vichitbandha, S., 
Ho, Y.S. and St Clair, D.K.  The protective role of manganese superoxide dismutase 
against adriamycin-induced acute cardiac toxicity in transgenic mice.  J Clin Invest  
1996; 98: 1253-1260) (Chen, E.P., Bittner, H.G., Davis, R.D., Fotz, R.J. and Van Trigt, 
P.  Extracellular superoxide dismutase transgene overexpression preserves post-ischemic 
myocardial function in isolated murine hearts.  Circulation  1996; 94: II412-II417). 
 
Transgenic overexpression of SOD has been shown to reduce infarct size in mice, which 
supports the contention that EMODs are important mediators of myocardial damage in 
MI.  However, attempts to target SOD to improve outcome after MI in other animal 
models have yielded mixed results, suggesting that EMODs activation is only a single 

hich 

 

.F. and 

a
(AP-1) (Sabri, A., Hughie, H.H. and Lucchesi, PA.  Regulation of hypertrophic a
apoptotic signaling pathways by reactive oxygen species in cardiac myocytes  An
Redox Signal  2003; 5: 731-740) (Turpaev, K.T.  Reactive oxygen species and regulation 
of gene expression.  Biochem Mosc  2002; 67: 281-292).  NF-кB, for example, becomes
more transcriptionally active in response to the contribution of ROS to the de
IкB, the inhibitory partner of NF-кB that sequesters it in the cytosol.  Thus, EMODs c
play an important role in modulating inflammat
 
General aging and age-related alteration in the cardiovascular system have been 
attributed to the long term cumulative effects of EMODs, although the relative 
contribution of EMODs to the aging process remains the subject of debate (Sinclair,
D.A.  Paradigms and pitfalls of yeast longevity research.  Mech Aging Dev  2002; 123: 
857-867) (LaKatta, E.G.  Arterial and cardiac aging:  major shareholders in 
cardiovascular disease enterprises:  part III:  cellular and molecular clues to hear and
arterial aging.  Circulation  2003; 107: 490-497).   
 
Although the results are inconsistent, animal studies have also delineated that 
antioxidants and EMODs defense pathways can ameliorate EMODs -mediated 
cardiac abnormalities (Conrad, M., et al.  Essential role for mitochondrial thioredoxin 
reductase in hematopoiesis heart development, and heart function.   Mol Cell Biol  2
2

contributor to post-MI necrosis and reperfusion injury and/or that SOD alone is 
insufficient to neutralize the deleterious effects of EMODs in this setting.  Allegedly, 
EMODs also play a significant role in the pathogenesis of myocardial stunning, w
can complicate acute ischemic syndromes (Bolli, R.  Causative role of oxyradicals in 
myocardial stunning: a proven hypothesis.  A brief review of the evidence demonstrating
a major role of reactive oxygen species in several forms of postischemic dysfunction.  
Basic Res Cardiol  1998; 93: 156-162). 
 
Experimental evidence suggests that EMODs can mediate apoptosis by a variety of 
mechanisms, including direct mediation of genotoxicity (von Harsdorf, R., Li, P
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Dietz, R.  Signaling pathways in reactive oxygen species-induced cardiomyocyte 
apoptosis Circulation  1999; 99: 2934-2941) (Adeghate, E.  Molecular and cellular basis 
of the etiology and management of diabetic cardiomyopathy:  a short review.  Mol Cell 
Biochem  2004; 261: 187-191).  Interestingly, whether or not apoptosis is ind
cardiomyocytes by oxidative stress appears to be dependent upon the level of 
EMODs produced (Kwon, S.H., Pimentel, D.R., Remondino, A., Sawyer, D.B. and 
Colucci, W.S.  H2O2 regulates cardiac myocyte phenotype via concentration-dependent 
activati

uced in 

on of distinct kinase pathways.  J Mol Cell Cardiol  2003; 35: 615-621). 
EMODs can target L-type calcium channels on the sarcolemma and suppress the 

t 

icals 

n optimal NO/O2  stoichiometry, the crosstalk between these two reactive species 
ial cellular processes, a relationship termed “nitroso-redox balance” in 

 recent editorial addressing the results of the African American Heart Failure Trial.  In 
.- 

l.  
 

Hypoxia-inducible gene expression via HIF-1a is beneficially adaptive in the context 
of acute or subacute myocardial hypoxia or ischemia.  Examples of HIF-mediated 

 

ivation 

on is 
, r is the radius of curvature of the 

entricle, and π is ventricular wall thickness).  Thus, at any given pressure and 
 

e 

Ca2+ current (Guerra, L., Cerbai, E., Gessi, S., Borea, P.A. and Mugelli, A.  The effec
of oxygen free radicals on calcium current and dihydrophyridine binding sites in guinea 
pigs ventricular myocytes.  Br J Pharmacol  1996; 118: 1278-1284).  EMODs 
generation can also alter the function of cardiac sodium channels, potassium 
channels and ion exchangers, such as Na/Ca exchanger (Goldhaber, J.I.  Free rad
enhance Na+/Ca2+ exchange in ventricular myocytes.  Am J Physiol  1996; 271: H823-
H833). 
 

.-A
facilitates essent
a
that trial, combined therapy with hydralazine, a vasodilator that inhibits generation of O2
and isosorbide dinitrate improved quality-of-life scores and decreased mortality by 
approximately 45% in African Americans with severe heart failure (Taylor, A.L., et a
Combination of isosorbide dinitrate and hydralazine in blacks with heart failure.  N Engl
J Med  2004; 351: 2049-2057). 
 
6.8.2 HIF-1a 
 

adaptations include increased expression of VEGF to promote angiogenesis, glucose 
transporter 1 to enhance glucose uptake, the glycolysis-associated enzymes to facilitate
glucose metabolism, and erythropoietin to enhance hematopoiesis and increase oxygen 
carrying capacity.  It remains an open question, however, whether chronic act
of HIF-1a or other hypoxia-responsive pathways is maladaptive. 
 
Is there a relationship between ventricular geometry, oxygen, EMODs and cardiac 
function? 
Ventricular geometry is a major determinant of cardiac function and is also a critical 
determinant of myocardial oxygen consumption.  Myocardial oxygen consumption is 
proportional to ventricular wall tension, and by Laplaces’ law, ventricular wall tensi
proportional to P X r / 2π (where P is pressure
v
myocardial thickness, a larger ventricle will consume more oxygen per gram tissue
than a smaller one.  Therefore, irrespective of the etiology, a failing dilated heart 
requires more oxygen per gram tissue than a non-failing smaller heart.  I believ
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that this also means that it will be more susceptible to the decreasing levels of O2, 

e 
ary atherosclerosis.  

diac energy metabolism and plays a central role in 
cal processes that can be determinants of cardiac function, including the 

mination of cardiac gene expression patterns.   

 role in the pathogenesis of clinical heart failure remains unclear, EMODs 
ted by most authors to have a significant effect on cardiac 

ypertrophy  

asomotor function  

oxidant therapy have been, however, generally 
isappointing (Giordano, F.J.  Oxygen, oxidative stress, hypoxia and heart failure.  J 

ed 

HF) continues to cause substantial morbidity and mortality 
espite major therapeutic advances, such as the use of angiotensin converting enzyme 

he 

a 

l oxidation might impair cardiac function is through oxidative 

which are available to it, which are seen with aging and consequently, decreasing 
levels of EMODs are going to be produced, which will “allow” the progressiv
development of coron
 
Oxygen is indispensable for car
other biochemi
generation of EMODs and the deter
 
Although their
have been implica
function, including: 
-h
-ion flux and calcium handling  
-EC coupling  
-extracellular matrix configuration  
-v
-metabolism  
-gene expression  
-and downstream signaling of several growth factors and cytokines.   
 
Clinical trials based on anti
d
Clin Investigation 2005; 115(3): 500-508). 
 
Once again, I believe that the predictions of the Free Radi-Crap theory are wrong.  
If the Free Radi-Crap theory had been correct, we could have controlled the alleg
harmful effects of EMODs and heart disease, including atherosclerosis, and they 
would be a thing of the past, instead of the current pandemic and the number one 
killer in the United States. 
 
6.8.3 Oxidative Stress in Heart Failure 
 
Chronic heart failure (C
d
(ACE) inhibitors and β-blockers. The main causes of CHF today are ischemic heart 
disease (IHD) and hypertension.  Extensive experimental and clinical studies over t
last 20 years have established that a fundamental process in the progression to CHF 
(especially in patients  with prior myocardial  infarction (MI) is cardiac remodeling - 
series of alterations in heart structure and function that involve significant changes in 
gene expression and protein function, both in the extracellular matrix and in 
cardiomyocytes.           
 
Markers of oxidative stress are elevated in CHF patients and have been correlated with 
myocardial dysfunction and overall severity of heart failure. An obvious mechanism 
through which myocardia
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damage to cellular proteins and membranes, thereby, inducing cellular dysfunction or 
death through apoptosis and necrosis. However, recent studies in other organ systems 
indicate that EMODs can exert much more subtle effects, depending upon the 
concentrations produced, the site of production, and the overall redox status of the 
cell. One example is the potential of EMODs to influence extracellular matrix 
remodeling through the activation of matrix metalloproteinases (MMPs) (Spinale, 
F.G. Matrix metalloproteinases: regulation and dysregulation in the failing heart. Circ 

 

 
ion 

O 
n 

f 
nly 

c effects 

ss & 

odulate fibroblast proliferation and collagen 
ynthesis, and are involved not only in MMP activation but also increased MMP 

al 

ts 

is 
h 

d. 

osis factor-α and cyclic stretch, can 

Res 2002; 90: 520-530). 
Kameda et al (Kameda, K., Matsunnaga, T., Abe, N. et al., Correlation oxidative stress 
with activity of matrix metallopoteinase in patients with coronary artery disease: possible
disease: possible note left ventricular remodeling. Eur Heart J 2003; 24: 2180-2185) 
provided evidence for a link between oxidative stress, MMP activation and LV dilatation 
in a study of patients with IHD who were undergoing coronary artery bypass graft 
surgery. 
 
EMODs may, in fact, exert multiple effects relevant to CHF pathophysiology. The 
superoxide anion is a potent inactivator of the signaling molecule nitric oxide (NO); the
resulting reduction in NO bioavailability contributes to vascular endothelial dysfunct
and the loss of other physiological effects of NO.  Furthermore, the reaction between N
and superoxide generates peroxynitrate, which is itself is a potent EMODs.  EMODs ca
modulate the activity of diverse intracellular signaling pathways and the activity o
diverse intracellular signaling pathways and molecules (a mechanism commo
termed ‘redox signaling’), with the potential to induce specific acute and chroni
(Finkel, T. Signal transduction by reactive oxygen species in nonphagocytic cells.   J 
Leukoc Biol 1999; 65: 337-340).  For example, key proteins involved in myocardial 
excitation-contraction coupling , such as ion channels., sarcoplasmic reticulum 
calcium release channels  and myofilament proteins, can undergo redox-sensitive 
alterations in activity (Bryne, J.A., Grieve, D.J., Cave, A.C. et al., Oxidative stre
heart failure. Arch Mat Coeur 2003; 96: 214-221).  EMODs may also exert important 
effects on cellular energetics. An increasing number of recent studies suggest an 
important role for RONS-mediated chronic changes in cellular phenotype in the 
pathophysiology of CHF. EMODs m
s
expression, indeed, chronic treatment with EMODs scavengers attenuates adverse 
cardiac remodeling in animal models of CHF, such as those induced by coronary artery 
litigation. Activation of redox-sensitive signaling pathways (e.g., NF-k-B) is also 
implicated in the development of cardiomyocyte hypertrophy, and some experiment
studies suggest that the development and progression of cardiac hypertrophy can be 
attenuated by antioxidant therapies, theoretically.  However, in practice, antioxidan
have yielded disappointing results. 
 
Recent reports suggest that an especially important source of EMODs as far as redox 
signaling is concerned is a family of complex enzymes termed NADPH Oxidases, whic
were first characterized in neutrophils but are now known to be very widely expresse
Several patho-physiological stimuli involved in CHF, such as angiotensin II, a-
adrenergic agonists, endothelin-1, tumor necr
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stimulate EMODs production by NADPH oxidases. Evidence for an increased 
expression and activity of myocardial NADPH Oxidases has recently been provided in 
both experimental and human  CHF (Maack C., Kartes, T., Kilter,  H. et al., Oxygen free
radical release in human failing myocardium is associated with increased activity of  
Rac1-GTPase and represents a target for statin treatment, Circulation 2003; 108;1
74).  EMODs production by one enzymatic source can modulate or trigger the 
ability of other EMODs produced by NO synthase, so that the overall situation may 
be quite complex in specific disease settings. 
Oxidative stress has had bad press over th

 

567-

e years, being generally considered to be 
niformly deleterious for the heart. However, recent studies in other organ systems 

l 
lular 

on of 
ygen species (EMODs) and the equally ubiquitous antioxidant defenses, 

re thought to be an important contributor to atherogenesis.  Obviously, I disagree.  

cterial 
te 

 

gh 
as 

phage 
avenger receptors that, in contrast to LDL receptors, are not downregulated by 

 
n promote 

e 
to 

Most prominent among the oxidation-sensitive pathways is the nuclear transcription 

atory 

u
and also the heart teach us that tightly regulated EMODs production may, in fact, 
exert considerably more subtle modulatory effects, especially through the targeting 
of redox-sensitive proteins and enzymes.  The study of Kameda et al provides 
supportive clinical data for the growing experimental evidence that RONS have a pivota
role in cardiac remodeling, through modulation of the processes that govern extracel
matrix deposition and degradation (Grieve, D.J. and Shah, A.M.  Oxidative stress in heart 
failure.  Eur Heart J  2001; 24: 2161-2163). 
 
Oxidative stress, resulting from a local imbalance between the ubiquitous formati
reactive ox
a
Many endogenous and exogenous contributors to oxidative stress are also known, 
such as hypercholesterolemia, hyperglycemia, hypertension, and shear stress.  
EMODs released during the respiratory burst, an innate immune defense against ba
pathogens, may promote lipid peroxidation and therefore enhance further leukocy
recruitment and differentiation.  Dietary factors, natural and synthetic antioxidants, and
hypocholesterolemic agents, such as statins, also directly and indirectly influence 
EMODs. 
 
Research in vitro and in vivo has also shed much light on potential mechanisms throu
which oxidative stress may promote atherogenesis.  Initially, the oxidation of LDL w
seen as the central event.  Oxidized LDL (oxLDL) is recognized by macro
sc
intracellular cholesterol and may therefore induce foam cell formation, a key event in
atherogenesis.  Cytokines released by activated macrophage/foam cells may the
further cell recruitment and proliferation.  Because LDL oxidation involves the 
modification of free amino groups of apolipoproteins, oxLDL also triggers extensiv
humoral and cellular immune responses.  Overall, inflammation is now thought 
promote atherogenesis, but specific immune responses may actually be protective.  
Please remember that inflammation is frequently associated with hypoxia. 
 

factor kB system (NF kB), which regulates leukocyte adhesion molecules and 
chemokines, growth-promoting and antiapoptotic factors, but also some proinflamm
and prothrombotic factors.  Another prominent pathway is that of the peroxisome 
proliferator activated receptor γ, which upon activation upregulates scavenger 

Page 503 of 931 



receptors but down regulates proinflammatory genes, and promotes reverse 
transport.  The third oxidation-sensitive pathway of importance for atherogenesis is that 
regulating the expression of caspases, the main effectors of apoptosis. 
 
 An additional focus of interest has been the interaction of EMODs with nitric oxide 
(NO).  EMODs interfere with the vasorelaxation induced by NO generated by 
endothelial nitric oxide synthase (eNOS), yet eNOS also promotes superoxide 
formation, which in turn reacts with NO to form peroxynitrite, anot

cholesterol 

her potent oxidant.  
everal studies in eNOS knockout mice indicate a reduction of advanced 

 fatty 

 C.A.C., 

nt 

 before 

dly down regulated thereafter.  Results suggest that 
ntioxidant enzymes respond to hypercholesterolemia with a pronounced initial 

t observation that was 
issed by the authors, e.g., the increased antioxidant enzymes would have reduced 

ncy 

 
fects 

S
atherosclerosis, whereas initial lesion formation may be accelerated (Shi, W., Wang, 
X., Shih, D.M., Laubach, V.E., Navab, M. and Lusis, A.J.  Paradoxical reduction of
streak formation in mice lacking endothelial nitric oxide synthase.  Circulation 2002; 
105: 2078-2082).  Authors only consider the effect of the loss of NO when it forms 
peroxynitrite from a reaction with superoxide anion.  I believe that it is more 
important to consider the loss of O2

.- and the consequent loss of H2O2 production 
from dismutation reactions, when discussing ONOO formation. 
 
In Circulation Research, ‘t Hoen and colleagues (‘t Hoen, P.A.C., Van der Lans,
Van Eck, M., Bijsterbosch, M.K., Van Berkel, T.J.C. and Twisk, J.  Aorta of apoE-
deficient mice responds to atherogenic stimuli by a professional increase and subseque
decrease in the expression of antioxidant enzymes.  Circ Res  2003; 93: 262-269), report 
a systematic determination of the expression of the major pro- and antioxidant enzymes 
in the aorta of apolipoprotein e-deficient and wild-type mice over time.  Contrary to 
expectation, all major antioxidant enzymes showed a significant upregulation
lesion formation, reaching a peak roughly coinciding with the onset of intimal 
thickening, but were marke
a
upregulation, which may constitute a defensive mechanism, whereas the antioxidant 
defenses weaken significantly once atherosclerosis becomes more extensive, which may 
accelerate atherogenesis.  I believe that this is a most importan
m
EMOD levels such that atherosclerotic lesions would have been “allowed” to 
develop.  Thus, the cause of the lesion formation was due to an EMOD deficie
state in the vascular wall. 
 
The present results are intriguing and consistent with other findings suggesting that
antioxidant enzymes are upregulated by hypercholesterolemia (or pathogenic ef
of hypercholesterolemia) before the onset of atherosclerosis. 
 
Fatty streak formation in human fetuses is greatly accelerated in offspring of 
mothers with chronic or temporary hypercholesterolemia during pregnancy 
(Palinski, W. and Napoli, C.  The fetal origins of atherosclerosis:  maternal 
hypercholesterolemia and cholesterol-lowering of antioxidant treatment during pregnancy 
influence in utero programming and postnatal susceptibility to atherogenesis.  FASEB J 
2002; 16: 1348-1360).  Fetal lesions and plasma contained markedly increased lipid 
peroxidation products.  More importantly, genetically more homogeneous animal 
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models showed that fetal exposure to hypercholesterolemia significantly increases 
their susceptibility to atherosclerosis later in life.  In a mouse model, exposure to 
maternal hypercholesterolemia and/or fetal lesion formation led to persistent changes in 

ostnatal expression of many aortic genes before lesion formation including 
d Napoli, C.  The fetal origins of atherosclerosis:  

maternal hypercholesterolemia and cholesterol-lowering of antioxidant treatment during 
n ogramming and postnatal susceptibility to atherogenesis.  

FASEB J 2002; 16: 1348-1360).  Here again, we see elevation of antioxidant enzymes 

 

ges 

t 

han 

y 

 (11.3%) during a 
75% reduction of umbilical blood flow. Similarly in fetal lambs, diminished oxygen 

, 
lues. 
ation 

varied between 5.4–6.8 ml/kg/min, while adult oxygen consumption is estimated to 
e about 3.0–4.0 ml/kg/min in resting state. Thus, oxygen consumption per kilogram 

in a normal fetus is almost double the consumption of the adult. 

I believe that this high fetal O2 consumption rate argues against the alleged toxicity 
is 

p
upregulation of SOD3 (Palinski, W. an

pregna cy influence in utero pr

(SOD) prior to atherosclerotic lesion formation.  This argues that the antioxidant 
enzymes produce a deficiency state of EMODs and “allows” the formation of the
lesions. 
 
6.8.4 Fetal Oxygen Considerations 

6.8.5 Fetal Oxygen Content 

The oxygen partial pressure (pO2) of the fetal arterial blood, which normally ran
from 25 to 30 mmHg, is considerably lower than that of maternal arterial blood. 
Even though oxygen tension in fetal blood is only one-fifth to one-fourth that of adult 
blood, fetal arterial blood oxygen content and oxyhemoglobin saturation are not much 
lower than those of an adult. Fetal hemoglobin (α2, δ2) is structurally different from adul
hemoglobin (α2, β 2). It has a greater affinity for oxygen than has adult hemoglobin. 
Consequently, fetal hemoglobin combines more rapidly with oxygen at low tension t
does adult hemoglobin. With advancing gestation, progressive decrease in umbilical 
artery pO2 is associated with an increase in fetal hemoglobin concentration, thus 
maintaining fetal oxygen content constant. In 1989, Edelstone showed that studies on 
moderately and severely anemic fetal lambs show that a high hemoglobin-oxygen affinit
is critical for normal metabolism in fetuses subjected to a hypoxic stress. In fetal lambs, 
mean (SD) oxygen extraction increased from 33.6% (4.8%) to 67.7%

delivery due to restriction of uterine artery blood flow increased mean (SD) oxygen 
extraction significantly from 0.33 (0.04) to 0.43 (0.04) and 0.54 (0.05) at 1 and 24 hours
respectively. Overall fetal oxygen consumption remained unchanged from control va
Oxygen consumption in normal human fetuses between 28 and 40 weeks of gest

b

of O2 and its derivatives, which are proposed by the Free Radi-Crap theory.  Th
data argues strongly that the evolutionary process has chosen to double the O2 
consumption during this most crucial and sensitive time of fetal development.  
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6.8.6 Fetal Hypoxemia and Hyperoxemia 

Inadequate fetal oxygen supply may result from inadequate maternal blood oxygen 
content, a fall in uterine blood flow or from disturbed placental circulation. A reduct
in either uterine or umbilical blood flow will also interfere with carbon dioxide remov
from the fetus resulting in fetal respiratory acidemia. In studies on fetal lambs, the 
proportion of cardiac output directed to the placenta 

ion 
al 

rose from 41% to 48% in hypoxemic 
fetuses and from 41% to 57% in acidemic fetuses, respectively.  In hypoxemic fetuses, 

sed. 

ater 
e 

Maternal hyperoxygenation increases fetal oxygen partial pressure. During maternal 

nge 

al 
fold in the 

 

espite the obvious difference in arterial morphology and pathogenic factors (lipoprotein 

 the 

 
 

.  (RMH Note:  Actually, I believe that 
pid oxidation in the necrotic core would be nil, due to the fact that this is likely an 

ts 

xidants 

 

cerebral and coronary circulations and blood flow to the adrenals increased two- to 
three-fold, while pulmonary, renal, splenic, gut and carcass blood flows decrea
Again, I believe that this argues for the crucial salutary role played by O2 and its 
derivatives in cerebral and coronary organ systems.  These changes were of a gre
magnitude in fetuses with acidemia. After initial fetal tachycardia during hypoxemia, th
fetal arterial pressure increases and FHR decreases. Thus, it seems that a moderate 
reduction in oxygen delivery to the fetus stimulates chemoreceptor activity that 
results in vasoconstriction in certain peripheral vascular beds, hypertension, and a 
transient or persistent bradycardia in the fetus.  

hyperoxygenation in the second half of the pregnancy, fetal middle cerebral artery 
(MCA) PI values increased and PI values of the aortic isthmus decreased with no cha
in the umbilical artery PI values. In addition, increased absolute velocities in ductus 
venosus (DV) have been noted during maternal hyperoxygenation.  In studies on fet
lambs, increasing maternal oxygen tension increased pulmonary blood flow 10-
third trimester fetuses but only 0.2-fold in late second trimester fetuses. At the normal 
low oxygen tension of the fetus, pulmonary blood flow does not increase between these
two points of gestation in the fetal lamb despite the increase in vessel density in the 
lungs. 

D
profiles, hemodynamics), lesions in apoE - - mice are rich in oxidation products and 
reflect the abundance of eccentric atheromas with large necrotic cores in humans.  
Given the increasing size of necrotic areas, it seems a foregone conclusion that
expression of many genes relative to the aortic mass will decrease in advanced 
atherosclerosis.  Even if viable intimal cells in atheromas were to express normal levels
of antioxidant enzymes, this may be insufficient, because the lipid accumulated in the
necrotic core is a prime substrate for oxidation
li
anoxic area.) 
 
The pathogenic role of oxidative stress in vascular dysfunction, inflammation, and 
atherogenesis is based on a very large body of basic research on their pathogenic effec
and the efficacy of antioxidant interventions in animal models.  It is however, 
overshadowed by the failure of several large clinical trials with natural antio
(Grotto, A.M.  Antioxidants, statins and atherosclerosis.  J Am Coll Cardiol  2003; 41: 
1205-1210) (Palinski, W.  Conjunct regulation of aortic antioxidant enzymes during
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atherogenesis.  Circ Res  2003; 93: 183-185). 
 
It was hypothesized over 40 years ago that a decrease in the oxygenation of the 

ascular wall might somehow be involved in atherogenesis.  Recent studies 
s of 

:  re-

 

oup) 
m 

oups 

sma lipid level and severity of aortic lesions.  From these results, it is concluded 
at hyperoxic or hypoxic inhalation respectively regresses or aggravates the 

l 
73-178).  

nd 

o assess the effect of changes in inspired oxygen concentration on intimal healing, the 
embolectomy catheter in 34 rabbits.  

 
et 

liferation and aberrant migration.  Hyperoxia 
ppears to allow a more orderly intimalization.  An aberrant healing process 

mbined with exacerbating factors may be important 

v
concerning the mechanism of oxygenation indicate that diffusion through plasma i
major importance, meaning that a moderate, prolonged hypoxia could be induced by 
small decreases in oxygen diffusivity.  Combining all of this leads to a comprehensive 
theory of atherosclerotic change, indicating how aging, smoking, diabetes, 
hypercholesterolemia and hypertension are correlated with the disease and suggesting 
methods of prevention (or reversal) (Gainer, J.L.  Hypoxia and atherosclerosis
evaluation of an old hypothesis.  Atherosclerosis  1987; 68(3): 263-266).  I definitely 
agree that oxygenation of the vascular wall occurs to protect the wall, but it is the 
EMODs and not ground state oxygen, which are the protective agents. 
 
The effect of hyperoxic or hypoxic inhalation on blood lipid levels and on the 
development of atherosclerosis was studied in young male WHHL rabbits.  They were
exposed to ordinary room air containing different concentrations of oxygen:  6 animals 
were exposed to 40% oxygen (hyperoxia group) or 5-10% oxygen (hypoxia gr
for 5 h a day, 5 days a week for 8 weeks.  Four control rabbits inhaled ordinary roo
air.  The following results were obtained.  (1) The severity of aortic lesions 
significantly decreased in the hyperoxia group and increased in the hypoxia group, 
when these two groups were compared.  However, both hypoxic and hyperoxic gr
did not statistically differ from the control.  (2)  Plasma triglyceride levels were not 
changed either by hyperoxic or hypoxic inhalation.  (3) Plasma triglyceride levels were 
elevated only in the hypoxia group, with significant difference from the values in 
both control and hyperoxia groups. (4) There was no significant correlation between 
mean pla
th
development of atherosclerotic lesions, not by an indirect action on blood lipid 
concentrations but by a direct action on the vascular wall (Okamoto, R., Hatani, M., 
Tsukitani, M., Suehiro, A., Fujino, M., Imai, N., Takano, S., Watanabe, Y. and Fukuzaki, 
H.  The effect of oxygen on the development of atherosclerosis in WHHL rabbits.  
Atherosclerosis  1983; 47(1): 47-53) (Kjeldsen, K Astrup, P., and Wanstrup, J.  Reversa
of rabbit atheromatosis by hyperoxia.  J Atheroscler Res.  1969 Sept-Oct; 10(2):1
I believe that this indicates that EMODs, derived from hyperoxia, are present in the 
arterial wall and are responsible for the maintenance of a plaque-free intima a
media. 
 
T
aorta was stripped by a single passage of an inflated 
Although after six months all animals show nearly normal aortic healing, the progression
of healing was considerably different.  Hypoxia appears to result in prolonged platel
adherence, exaggerated medial pro
a
secondary to tissue hypoxia when co
in producing the unfavorable result in vascular surgery (Stillman, R.M.  Effects of 
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hypoxia and hyperoxia on progression of intimal healing.  Arch Surg  1983; 118(6): 732-
737). 
 
6.8.7 Molecular Pathogenesis of Atherogenesis 
Some of the following material was modified or excerpted from an article entitled:  The 

abilized plaque:  will the dream come true?  Hansson, G.D., European Heart J Suppl 
, C69-C75. 

 
and Nisson, J.  Pathogenesis of atherosclerosis in Crawford, M.H., 

iMarco, J.P. eds Cardiology.  London, Mosby 2000; 1.1-1.12). 

merous 
 

 cells 

t 

ipids are present both in macrophage foam cells and in the extracellular matrix.  
lt of accumulation of smooth muscle cells and 

osits 
ures, erosions and 

lcerations in the fibrous cap and luminal surface are other frequent characteristics.  The 
from coronary atherosclerosis derives mainly from these lesions.  

ve 

st
(2001) 3 (Supplement C)
 
6.9 Atherosclerotic Stages 
The process of atherosclerosis can be divided into different stages.  A brief primer is 
provided here and more detailed information of current theories can be found in (Libby, 
P., Hansson, G.K. and Pober, J.S.  Atherogenesis and inflammation in Chien K.R. ed 
Molecular Basis of cardiovascular Disease.  Philadelphia, WB Saunders, 1999; 349-366)
(Hansson, G.K. 
D
 
6.9.1 Fatty Streaks 
These lesions consist of intimal accumulations of macrophages filled with nu
lipid droplets (foam cells).  The lipid droplets consist of cholesterol esters derived from
oxidized or aggregated low-density lipoprotein (LDL) that is taken up by so-called 
scavenger receptors.  These receptors also internalize bacterial endotoxins, apoptotic
and certain charged macromolecular structures.  On gross examination, fatty streaks are 
visible as yellow streaks that follow the direction of the blood flow.  They do not affec
the blood flow. 
 
6.9.2 Fibrous Plaques 
L
The intima is thickened as a resu
extracellular matrix proteins.  Lipids and macrophages are usually most frequent in the 
core region, which also contains T lymphocytes and occasional B cells and mast cells.  
Smooth muscle cells and extracellular matrix components are more abundant in the 
subendothelial region, often forming a fibrous cap that covers the lipid and inflammatory 
cells in the deeper part of the plaque.  Fibrous plaques are often eccentric in coronary 
arteries, involving only part of the vessel circumference.  Even if fibrous plaques may 
grow to reduce significantly the lumen of the vessel they are not believed to be a major 
cause of clinical symptoms as long as they remain intact. 
 
6.9.3 Complicated Lesions 
These are plaques that contain a hematoma or hemorrhage and thrombotic dep
in addition to lipids, inflammatory cells and fibrous tissue.  Fiss
u
morbidity and mortality 
Only a certain population of fatty streaks appears to be at risk of progressing into more 
advanced lesions.  The rapid changes in plaque characteristics in response to rupture ha
important clinical implications that need to be taken into account.  A new classification 
has been proposed by the American heart Association Committee on Vascular 
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Lesions (Stary, H.C., Chandler, A.B., Dinsmore, R.E.M, et al. A definition of advanced 
types of atherosclerotic lesions and a histological classification of atherosclerosis.  A 
report from the Committee on Vascular Lesions of the Council on Arteriosclerosis,
American Heart Association.  Circulation 1995; 92: 1355-1374).   
 

 

.9.4 Type I Lesions 
rliest lesion and is characterized by minor lipid depositions and 

m 
ain around the age of 10.  I 

elieve that this indicates that atherosclerosis is essentially always present and our 
rmation of plaques to a minimum by keeping the oxidized 

 type II lesions, macrophage foam cells are more numerous and organized in what 
s fatty streaks.  Type II lesions also contain occasional T 

sed to form a 
ontinuous cell free pool of cholesterol deposits.  The lipid may derive both from 

nd from direct deposition of lipoprotein lipids.  The disease has 
now reached the stage of an advanced lesion according to the old classification.  The 
lipid core is surrounded by inflammatory cells and covered by a thin layer of smooth 
muscle cells and connective tissue.  Capillaries, originating from the adventitial vasa 
vasorum, start to grow into the deeper parts of the plaque.  Although type IV lesions 
are generally clinically silent, they have the potential to rapidly develop symptom-
producing ruptures.  Thrombus formation on ruptured type IV lesions is the most 
likely explanation when occlusions or significant stenosis develop in a segment of a 
coronary artery that appeared normal on recent angiograms. 
 
6.9.8 Type V Lesions 

ype V lesions are characterized by an increase in the fibrous tissue that covers the 
ns.  This fibrosis is caused by smooth muscle cells that 

 

6
The type I lesion is the ea
sparse macrophage foam cells.  Immediately after birth 45% of infants have type I 
lesions.  They become less frequent during the first years of childhood (e.g., a for
of spontaneous regression), but begin to increase ag
b
body must prevent the fo
products in a soluble form for excretion.  Thus, we all have the beginnings of 
“micro-aggregates” and our system of oxidation, utilizing EMODs, prevents the 
formation of “macro-aggregates.”   
 
6.9.5 Type II Lesions 
In
is classically recognized a
cells, mast cells and lipid-filled smooth muscle cells. 
 
6.9.6 Type III Lesions 
The type III lesion is the first stage to be recognized by classical pathology as an 
atherosclerotic plaque or atheroma.  The most important distinction from a type II 
lesion is the presence of small extracellular lipid deposits.  Type III lesions are found in 
young adults at the same locations as type II lesions in children.  The presence of type III 
lesions is believed to be predictive of future clinical disease. 
 
6.9.7 Type IV Lesions 
In type IV lesions the amount of extracellular lipids has increa
c
degenerating foam cells a

T
lipid core in type IV lesio
proliferate and secrete extracellular matrix proteins such as collagen and proteoglycans. 
Collagen often becomes the predominant feature of type V lesions and may account for 
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most of the volume of the plaque.  Type V lesions are often too large for the artery to 
compensate by remodeling; this results in a narrowing of the lumen.  The contour of 
these narrowings remains smooth, yet they are usually detectable by angiography.  
Although type V lesions have more fibrous tissue than type IV lesions, most rupture
still take place in this lesion type.  As type V lesions often invade the lumen and distu
the laminar blood flow they are also more exposed to tensile forces. 
 
6.9.9 Type VI Lesions 
Type VI lesions are plaques that contain thrombotic deposits or hemorrhage.  The 
major cause of development of type VI lesions is probably plaque rupture and fissure
erosions and ulcerations of the subendothelial fibrous tissue are also frequently observe
The occurrence of clinical events, such as acute myocardial infarction and unsta
angina, is with few exceptions dependent on a type VI lesion.  However, development 
of type VI lesions can also take place in the absence of clinical symptoms.  Autopsy 
studies in subjects with coronary atherosclerosis, but who died of non-cardiac cau
showed the presence of recent intra-plaque thrombus in 16% of those with hypert
and diabetes and in 8% of those without these factors.  In another study of a populat
aged 30-59 years, 38% of those having advanced lesions in the aorta had thro
surface of the lesions.  Much of the thrombus that forms on top of a ruptured plaque 
is likely to be removed by the fibrinolytic system but some of the material can be 
incorporated into the plaque which reseals.  This process is likely to be responsible for 
most cases of rapid plaque progression that can be seen with angiography.  The 
thrombotic material g

s 
rb 

s but 
d.  

ble 

ses, 
ension 

ion 
mbi on the 

radually becomes colonized by smooth muscle cells which convert 
it to fibrous tissue.  As a result of this healing process the type VI lesion returns to 

aques are frequently 

 

 

rove 

ype VII and type VIII lesions are advanced plaques that have no or only minor 
amounts of lipids but contain masses of calcium deposits (type VII lesions) or 
predominantly consist of collagen (type VIII lesions).  These lesions are believed to 
represent end stages of the disease.  The clinical importance of plaque calcification is 

nclear but it is likely to make lesions less elastic and more sensitive to tensile forces.  
re more stable than type V and VI lesions.  From a 

linical point of view much would be gained if type V and VI lesions could be 

type V morphology.  I believe that this indicates that pl
“repaired” by our self-cure system, which is responsible for keeping plaque 
formation under control normally.  I believe that this system directly involves
constant and adequate levels of EMODs.  The mere fact that lesions can 
spontaneously regress, or be healed, is classic evidence that we normally possess the
ability to keep plaques in abeyance and/or to decrease or heal plaques already 
formed.  I believe that my proposed strongly oxidative therapeutic system will p
beneficial in restoring adequate levels of EMODs to control plaque formation 
and/or regression.  
 
6.9.10 and 6.9.11 Type VII and Type VIII Lesions 
T

u
However, type VIII lesions a
c
converted into type VIII lesions.  Again, this illustrates the fact that the body can 
“heal” or generate a self-cure response, even after a large plaque has formed.  Our 
body protects us the primary way it has at its avail, which is oxidatively. 
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The progressive reduction of luminal size can lead to clinical syndromes such as effort 
ngina and intermittent claudication but it is remarkable that even very large plaques 

d 
rrent 

t to 

f the plaque are activated by pro-
flammatory lipids, cytokines, antigens or microbes.  During activation, macrophages 

e agen of the 
brous cap (Gallis, Z.S., Sukhova, G.K., Lark, M.W. and Libby, P.  Increased 

 

scle cells 
eukin-

 or modified from the following article: 

ors 

ey 

l 
nt 

of low-molecular-weight antioxidants in human atherosclerotic plaques.  

role in tissue antioxidant protection) in carotid atherosclerotic plaques of 13 patients 

a
may be completely asymptomatic. 
 
7.0 Plaque Rupture 
 
Why do plaques rupture?  An important clue came from the observation that activate
macrophages T cells and mast cells abound in the vicinity of the rupture.  Cu
authors feel that this points to an inflammatory mechanism as the inducer of 
rupture.  However, I believe that inflammatory cells are present in an attemp
“heal” the atherosclerotic lesions. 
 
According to this hypothesis, inflammatory cells o
in
releas  matrix metalloproteinases, which are enzymes that digest the coll
fi
expression of matrix metalloproteinases and matrix degrading activity in vulnerable 
regions of human atherosclerotic plaques.  J Clin Invest  1994; 94: 2493-2503).  
Allegedly, cytoxic oxygen and nitric oxide radicals released by the macrophages
contribute to the process by causing apoptotic cell death (Geng, Y-J., Wu, Q., 
Muszynski, M., Hansson, G.K. and Libby, P.  Apoptosis of vascular smooth mu
induced by in vitro stimulation with interferon-γ, tumor necrosis factor-a and interl
1β.  Arteriosel Thromb Vasc Biol 1996; 16: 19-27). 
 
7.01 High Content of Antioxidants in Human Atherosclerotic Plaque 
 
The following material was excerpted, abstracted
D. Lapenna,  S. de Gioia, G. Ciofani, A. Mezzetti, S. Ucchino, A. M. Calafiore, A. M. 
Napolitano, C. Di Ilio, F. Cuccurullo, Glutathione-Related Antioxidant Defenses in 
Human Atherosclerotic Plaques. (Circulation. 1998;97:1930-1934).  I have covered this 
paper in detail because of the importance of its subject matter.  It shows a 
“surprising high content of low-molecular weight antioxidants” in 
human atherosclerotic plaques.  This is just as I had predicted.  These auth
proceed to explain away their data, with S.W.A.G.s, but they fall short of 
considering the possibility that the Free Radi-Crap theory is wrong, which th
believe is the best explanation of their data.   

Oxidative stress, resulting from an antioxidant/prooxidant imbalance, seems to be crucia
in atherogenesis. Recent evidence has emerged, however, of a surprisingly high conte

 

They studied glutathione-related antioxidant defenses (which many believe play a key 
 

subjected to endarterectomy and in normal internal mammary arteries of 13 patients 
undergoing coronary artery bypass surgery. Selenium-dependent glutathione 

peroxidase activity was undetectable in the plaques of 7 patients; the other 6 patients 
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with plaques showed a mean enzymatic activity 3.5-fold lower than that of mamm
arteries. Glutathione reductase

ary 

s.  

 

 arterial tissues seems relevant in 
L 

nt 

 
id 

 activity was also markedly lower in the plaques than in 
the arteries. Glutathione transferase instead had comparable activity in the two tissue

Conclusions—a weak glutathione-related enzymatic antioxidant shield is present in 
human atherosclerotic lesions. The cause of this phenomenon remains to be determined.

A large body of evidence has implicated free radicals and oxidative stress in atherogenic 
processes. Oxidant-mediated LDL oxidation and vascular injury are allegedly crucial in 
atherogenesis. The endogenous antioxidant capacity of
atherosclerosis because, given the strong antioxidant properties of plasma, LD
oxidation may occur in sequestered domains of the arterial wall, where a low antioxida
potential and/or a high prooxidant activity could be operative. It has recently been 
shown, however, that human atherosclerotic plaques are endowed with a 
surprisingly high content of low-molecular-weight antioxidants, such as
vitamin E, ascorbate, and urate, despite the occurrence of massive plaque lip
oxidation (Suarna C, Dean RT, May J, Stocker R. Human atherosclerotic plaques 
contains both oxidized lipids and relatively large amounts of -tocopherol and ascorbate
Arterioscler Thromb Vasc Biol. 1995;15:1616–1624).  

Yet investigations dealing

. 

ed 
n, especially in vascular parietal cells 

(Harlan JM, Levine JD, Callahan KS, Schwartz B, Harker LA. Glutathione redox cycle 
protects cultured endothelial cells against lysis by extracellularly generated hydrogen 
peroxide. J Clin Invest. 1984;73:706–713) (Suttorp N, Toepfer W, Roka L. Antioxidant 
defense mechanisms of endothelial cells: glutathione redox cycle versus catalase. Am J 

y of 
 

tic 

rotid atherosclerotic plaques were obtained from 13 
patients (11 men and 2 women; age, 62.3±6.1 years) after elective endarterectomy 

 

iochirurgia, 
nce of 

 with the enzymatic antioxidant defenses of human 
atherosclerotic plaques are, to date, apparently lacking. This is an important issue, 
considering the pivotal role of peculiar enzymatic systems, such as the glutathione-relat
ones, in biomolecular antioxidant protectio

Physiol. 1986;251:C671–C680) (Raes M, Michiels C, Remacle J. Comparative stud
the enzymatic defense systems against oxygen-derived free radicals: the key role of
glutathione peroxidase. Free Radic Biol Med. 1987;3:3–7) (Thomas JP, Geiger PG, 
Girotti AW. Lethal damage to endothelial cells by oxidized low density lipoprotein: role 
of selenoperoxidases in cytoprotection against lipid hydroperoxide- and iron-mediated 
reactions. J Lipid Res. 1993;34:479–490). 

They provide here experimental evidence for a weak glutathione-related enzyma
antioxidant shield in human atherosclerotic plaques. 

For the enzymatic study, 13 ca

surgery performed at Istituto di Patologia Chirugica, Universitá "G. D'Annunzio" (Chieti,
Italy). The extra length of internal mammary arteries not used for coronary grafting was 
also studied as a normal arterial tissue in another 13 patients (11 men and 2 women; age, 
58.2±6.7 years) undergoing coronary artery bypass surgery at Cattedra di Card
Universitá "G. D'Annunzio." These artery specimens showed no macroscopic evide
atherosclerosis. The two groups of patients were also matched for diabetes mellitus, 
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arterial hypertension, dyslipidemia, smoking habit, and drug use, and they came fro
same geographical area (Chieti,

m the 

ne]

d by scavenging antioxidant properties against oxidizing species, 
included the chlorinated ones. Blotted samples were stored in liquid nitrogen until 

mes. 

p 

acity 
the 

se 

plaques was apparently equal to or lower than the spontaneous low level of NADPH 

 Abruzzo, Italy). No patient took antioxidants, included 
selenium, vitamin E, or thiols.  

Immediately after tissue samples were surgically removed, they were placed in ice-cold, 
Chelex-100–treated and argon-flushed 50 mmol/L [Tris(hydroxymethyl)aminometha  

HCl buffer, pH 7.4, plus 0.8 mmol/L EDTA and 1.0 mmol/L methionine (buffer A), and 
repeatedly washed with the same buffer. It is noteworthy that Tris per se is 
characterize  

processed (usually within 2 weeks). In previous experiments, no loss of enzymatic 
activity was noted after storage for at least 2 months. Samples were homogenized in ice-
cold buffer A by use of an Ultra-Turrax apparatus (Tecmar Co); differential 
centrifugation with ultracentrifugation at 80 000g was then performed, and the relative 
cytosolic supernatant used to measure the specific activity of glutathione-related enzy
Glutathione peroxidase activity was assayed according to the method of Paglia and 
Valentine, as previously described. Recovery of native enzymes was almost total, ruling 
out the possibility of some artifactual enzyme inactivation as a result of sample worku
procedures. 

The atherosclerotic plaques had a lower specific glutathione-related antioxidant cap
than the mammary arteries. In particular, the activity of GSH-Px was undetectable in 
atherosclerotic tissue of seven patients; this means that even with quite high cytosolic 
amounts added to specific assay mixtures, the enzyme-related NADPH oxidation of the

 

autoxidation of blanks. The other six plaques showed a mean GSH-Px activity 3.5-
fold lower than that of arteries. GSSG-Red activity also was lower in the plaqu  

in the arteries (P<.0001), whereas GST activity was
es than 

ver, continued to be not significantly different between the plaques and 
arteries.  Interestingly, in three of the six plaques with GSH-Px activity, we could detect 

 

. It 

e
stress in atherosclerotic lesions, a control tissue has not been used at all. In a comparative 

 similar in the two tissues.  GST 
activity, howe  

  

an activity of GST-Px (which belongs to GST isoenzymes); GST-Px activity was 
instead undetectable in the mammary arteries.  This phenomenon indicates the 

appearance in some atherosclerotic lesions of a new enzymatic activity, apparently 
unexpressed in a normal vascular tissue, conceivably to withstand tissue oxidant load. 

DNA content of plaques was not significantly different from that of mammary arteries, 
suggesting that the depressed GSH-Px and glutathione redox cycle status of the 
atherosclerotic tissue may not be due to a quantitative deficiency of the endogenous cell
components. 

The "control" vascular tissue of the atherosclerotic plaques deserves specific comments
should be noted that as suggested by Smith and coworkers, in absolute terms such a 
"control" tissue does not exist, which may render accurate biochemical comparisons 

between atherosclerotic plaques and normal vessels difficult, especially in quantitative 
terms. It is noteworthy that in some investigations dealing with the problem of oxidativ  
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study of the low-molecular-weight antioxidant content of human carotid and femoral 
atherosclerotic plaques, Suarna and associates have recently used as contro  

 
l an intimal 

preparation of normal iliac arteries of young liver transplant donors who were accident 

er 

 
ic 

, 

es. 
l 

 
veins 

lutathione 
rtery, 

a 
, a 

 

H-Px, 

 
t specific antioxidant enzyme inactivation 

occurs in atherosclerotic lesions, which may be regarded as prooxidant environments with 

ty 
ies do 

 

victims. Even though such a preparation could appear rational because the atherogenic 

processes begin in the intima, its use may have some limitations. (RMH Note:  these 
considerations are particularly important, since fatty streaks in vessels occur in ov
45% of infants.)  The very thin intima of normal human arteries is virtually free of 
smooth muscle cells, containing essentially endothelium, basement membrane, and few
collagen and/or elastic fibers, whereas the major cell component of the atherosclerot
plaques is right smooth muscle cells. In the present investigation, both atherosclerotic 

plaques and mammary arteries were obtained in vivo in matched patients. 

A striking finding of this study is that GSH-Px activity is often (but not always) absent 
in atherosclerotic tissue. The absence of an enzymatic activity such as that of GSH-Px
which is the main antioxidant enzyme especially in vascular parietal cells, is not only a 

"quantitative" but also a "qualitative" phenomenon that is not expected in normal tissu
In this regard, they have never observed the absence of GSH-Px activity in norma
human vessels obtainable in vivo, such as, besides internal mammary arteries,
gastroepiploic arteries and patches of ascending aorta, as well as saphenous 

(Mezzetti A, Calafiore AM, Aceto A, Marzio L, Federici G, Cuccurullo F. G
peroxidase, glutathione reductase and glutathione transferase activities in human a
vein and heart. J Mol Cell Cardiol. 1990;22:935–938). It should be noted that our dat
do not permit us to determine whether an inactivation of the enzyme or, rather  

true lack of the GSH-Px protein is operative in the plaques. However, it is known that
GSH-Px, as well as GSSG-Red, can be inactivated by oxidant species.  For instance, 
GSH-Px is particularly susceptible to inactivation by myeloperoxidase-derived 
hypochlorous acid (Aruoma OI, Halliwell B. Action of hypochlorous acid on the 
antioxidant protective enzymes superoxide dismutase, catalase and glutathione 
peroxidase. Biochem J. 1987;248:973–976). Remarkably, the presence of 
myeloperoxidase as an oxidative catalyst and of hypochlorous acid-modified 
proteins has been proved in human atherosclerotic lesions (Daugherty A, Dunn JL, 
Rateri DL, Heinecke JW. Myeloperoxidase, a catalyst for lipoprotein oxidation, is 
expressed in human atherosclerotic lesions. J Clin Invest. 1994;94:437–444) (Hazell LJ, 
Arnold L, Flowers D, Waeg G, Malle E, Stocker R. Presence of hypochlorite-modified 
proteins in human atherosclerotic lesions. J Clin Invest. 1996;97:1535–1544).  Moreover, 
4-hydroxynonenal, an aldehydic byproduct of lipid peroxidation generated during LDL 
oxidation conceivably in the vascular wall, has been reported to inactivate cell GS
whereas GST is resistant to inactivation. GST activity is similar in the plaques and in 
the arteries, despite the absence or the low level of GSH-Px activity in the plaques
themselves. It appears feasible, therefore, tha

lipoperoxide burden. It appears to me that the plaques may be considered as centers 
of antioxidant activity, as shown in this paper and the cause of plaque enzyme activi
depression remains to be determined. Atherosclerotic plaques and mammary arter
not have different cytosol protein content. The presence of a similar activity of GST in
the plaques and arteries, as well as the appearance of GST-Px activity in some 
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atherosclerotic lesions, argues against a nonspecific depression of plaque GSH-Px
GSSG-Red) activity owing to a peculiar protein

 (and 
 

l for the removing of inorganic and organic 
peroxides, represents the key antioxidant enzyme of the mammalian cell (Raes M, 

e systems against 
oxygen-derived free radicals: the key role of glutathione peroxidase. Free Radic Biol 

d 
e 

The pivotal role of GSH-Px in vascular antioxidant protection is further pointed out by the 

Superoxide dismutase is poorly effective against human cell oxidant damage (Raes 
inst 
l 

e atherosclerotic 
tissue may significantly weaken its antioxidant potential favoring oxidative stress and 

therogenic processes, even in the presence of an apparently adequate property of low-
molecular-weight scavenging antioxidants.  

idant shield is present in 
lieve that a specific antioxidant/prooxidant 

ance, wall may be involved in atherogenic processes 
s a irection, as evidenced by 
nc rate. 

 

 array with enzyme deficiency or to a
paucity of the endogenous cell components.  

GSH-Px dysfunction should be critical in conditioning oxidative stress in atherosclerotic 

lesions. Indeed, GSH-Px, which is essentia  

 

Michiels C, Remacle J. Comparative study of the enzymatic defens

Med. 1987;3:3–7).  Peroxides are cytotoxic for vascular cells, especially in the 
presence of redox-active transitions metals, (Thomas JP, Geiger PG, Girotti AW. 
Lethal damage to endothelial cells by oxidized low density lipoprotein: role of 
selenoperoxidases in cytoprotection against lipid hydroperoxide- and iron-mediate
reactions. J Lipid Res. 1993;34:479–490) which are available in a catalytically activ
form in human atherosclerotic plaques.  

Catalase Activity is Lacking in Human Vascular Cells 

 

findings that catalase activity is lacking in human vascular cells (Shingu M, 
Yoshioka K, Nobunaga M, Yoshida K. Human vascular smooth muscle cells and 
endothelial cells lack catalase activity and are susceptible to hydrogen peroxide. 
Inflammation. 1985;9:309–320).  I believe that a most important question is, “If 
antioxidant protection is so important in preventing atherosclerosis, then, why is 
catalase missing from human vascular cells?”  I believe the answer is that the 
prooxidative protective activity is much more important in preventing plaque 
aggregation and allowance of plaque formation. 

 

M, Michiels C, Remacle J. Comparative study of the enzymatic defense systems aga
oxygen-derived free radicals: the key role of glutathione peroxidase. Free Radic Bio
Med. 1987;3:3–7) (Michiels C, Toussaint O, Remacle J. Comparative study of oxygen 
toxicity in human fibroblasts and endothelial cells. J Cell Physiol. 1990;144:295–302).  
Thus, the deficient GSH-Px and glutathione redox cycle status of th

 

a

In conclusion, a weak glutathi
human ather

one-related enzym
clerotic plaques.  I be

atic antiox
os

imbal operative in the vascular 
in human
the prese

n
e o

d that balance is shifted in the antioxidant d
f a high content ascorbate, vitamin E, and u
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GSH-Px = selenium-dependent glutathione peroxidase 
GSSG-Red = glutathione reductase 
GST = glutathione transferase 
GST-Px = selenium-independent glutathione peroxidase
TCA = trichloroacetic acid 

There is now a consensus

 

d 
zed by lipid and protein oxidation in the vascular wall 

(R.Stocker and J.F. Keaney, Jr. Role of Oxidative Modifications in Atherosclerosis. Role 

on in 
e 

xidized LDL has a number of potentially 
proatherogenic activities, and several structurally unrelated antioxidants inhibit 

ve 
nd 

 
estations of coronary artery disease such as endothelial 

dysfunction and plaque disruption.  

 fundamental problems remain with implicating 
oxidative modification as a (requisite) pathophysiologically important cause for 

gies in 

are a cause rather than an 
injurious response to atherogenesis.  

 this context, inflammation needs to be considered as a primary process of 

 means of 

e or 

r, 

 that atherosclerosis represents a state of heightene
oxidative stress characteri

of Oxidative Modifications in Atherosclerosis. Physiol. Rev. 84: 1381-1478, 2004).    

Support of this hypothesis is as follows: oxidized LDL can support foam cell formati
vitro, the lipid in human lesions is substantially oxidized, there is evidence for th
presence of oxidized LDL in vivo, o

atherosclerosis in animals.  

An emerging consensus also underscores the importance in vascular disease of oxidati
events in addition to LDL oxidation. These include the production of reactive oxygen a
nitrogen species by vascular cells, as well as oxidative modifications contributing to
important clinical manif

Despite this abundant data however,

atherosclerosis. These include the poor performance of antioxidant strate
limiting either atherosclerosis or cardiovascular events from atherosclerosis, and 
observations in animals that suggest dissociation between atherosclerosis and 
lipoprotein oxidation.  

Indeed, it remains to be established that oxidative events 

In
atherosclerosis, and oxidative stress as a secondary event. To address this issue, Stocker 
and Keaney have proposed an "oxidative response to inflammation" model as a
reconciling the response-to-injury and oxidative modification hypotheses of 
atherosclerosis.  But any way you look at it, antioxidants fail to protect, revers
stop the atherosclerotic plaque development in humans. 

7.0.2 Acute Coronary Syndrome 
 
An acute coronary syndrome often occurs when a solid thrombus forms.  Howeve
defense mechanisms intrinsic to the blood and vessel wall may counteract 
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thrombosis and prevent or eliminate complete obstruction.  (RMH Note:  This is 
exactly what I have been saying and I believe that EMODs constitute a most 
important part of the “intrinsic defense mechanism.”  The most important of these 
defense mechanisms is the fibrinolytic system.  It is a proteolytic cascade that i
activated by 

s 
plasminogen activators (tissue plasminogen activator and the 

rokinases type plasminogen activator), both of which can be expressed by 

ysis 
.  By 

ogen activator and PAI-1 genes, pro-inflammatory 
ytokines as well as oxidized lipoproteins are important regulatory factors of this 

ctivation. I consider this 
 be a form of spontaneous regression for plaques.  

e.  
 

rosis 

ears 

 as 
ly, inhibition of oxidation should therefore 

duce activation and the risk for plaque rupture and coronary thrombosis.  However, it 
has not been possible to confirm this hypothesis in clinical studies, and the use of 
ntioxidants for prevention of acute coronary ischemia remains controversial.  Please 

re-read this paragraph.  Inhibition of oxidation does NOT reduce activation or the 
risk of plaque rupture and coronary thrombosis.  Hence, I do not believe that 
oxidation is harmful and oxidation is, in fact, present in an attempt by the body to 
heal itself and to keep the atheromatous condition under control, as it has done 
throughout the lifetime of the individual. 
 
7.0.3 Chlamydia pneumoniae 

or 

u
endothelial cells.  As an inhibitor of fibrinolysis, plasminogen actiator inhibitor-1 
(PAI-1), is also expressed by endothelial cells and the balance between fibrinol
and antifibrinolysis is, therefore, pivotal for the control of thrombus formation
modulating the expression of plasmin
c
balance.  Atherosclerotic arteries have a strong tendency to become spastic and 
thrombotic. 
 
If plaque activation is not fatal, a repair process restores the integrity of the vessel 
wall.  (RMH Note:  This is an extremely important observation).  Thrombi are 
organized and gradually remodeled into a connective tissue scar with collagen and 
fibroblast-like smooth muscle cells.  
 
 In other words, oxidation is used to heal the site of plaque a
to
 
Inflammatory cells are present in early phases but become less abundant with tim
Instead, the stabilized plaque is characterized by reformation of an intact collagen cap.  In
addition, calcification is common in such lesions.  As is the case in the progression 
towards plaque rupture, the balance between fibrotic and 
degrading/inflammatory/thrombotic factors is critical and must be on the side of fib
and repair in order to guide the restabilization of the plaque.   
 
An activation of the chronic inflammatory state in an atherosclerotic lesion app
to be critical for its progression into a ‘culprit lesion’ that elicits ischemia.  This 
activation, in turn, might be caused by pro-inflammatory particles and molecules such
oxidized lipoproteins and lipids.  Theoretical
re

a

 
Microbes may also activate plaque inflammation and certain microorganisms have been 
tentatively identified as important in coronary heart disease.  The strongest case is f
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Chlamydia pneumoniae, ongoing attempts at secondary prevention by treatment of 
post-myocardial infarction patients with antibiotic should clarify whether this approach 
may be a useful one.  Actually, I believe that increased oxidation could also produce
bactericidal effect as an added benefit. 

 a 

A common cold bug, Chlamydia pneumoniae, could cause heart attacks in younger 
men, U.S. researchers reported on 4-12-05.  The findings add to a growing body of 
evidence that Chlamydia pneumoniae and perhaps other infections can sometimes 
damage the heart and arteries, causing heart disease.  Christine Arcari and colleagues at 
the University of Wisconsin Medical School and Johns Hopkins University in Baltimore 
studied regular blood samples taken from soldiers aged between 30 and 50, identifying 

 a long-term memory, while IgA is 
"  Men who 

 

ounger 
people, investigators may be able to identify early stages of atherosclerosis. 

 
studies released on 

4-20-05. Previous studies found that more than 75% of heart attack patients were 

, was compared to a placebo in 4,012 heart disease 
patients, found that the antibiotic -- even if given over a year -- had no effect on the 
rate of death, heart attack, or other gauges of worsening disease.  

In a second study, 4,162 volunteers received either a placebo or Bristol-Myers Squibb's 
Tequin, or gatifloxacin, for two years. That trial also showed no effect.  "From a 
practical point of view, there just isn't a reason to recommend antibiotic treatment," 

300 of them who suffered heart attacks.  

They compared their blood records to 300 men who had not suffered heart attacks. 
Writing in the journal Clinical Infectious Diseases, the researchers said they tested each 
blood sample for antibodies, which provide indirect evidence of previous infection. There 
is no direct test for infection with Chlamydia pneumoniae, which is a bacterium that 
causes a flu-like upper respiratory infection that sometimes worsens to pneumonia.  

They looked specifically for two antibodies -- IgA and IgG -- that recognize and attack 
Chlamydia bacteria.  "IgG antibodies are like
thought to be a more specific marker for recent or chronic infections.
had high levels of IgA antibodies were more likely to have had serious heart attacks, they
found. And the more recent the infection, the more likely they were to have suffered a 
heart attack.  Chlamydia infection is so common that by the time people reach 65 
years of age, most will have been exposed to it.  By looking at infection in y

7.0.4 Chlamydia failed Studies:  Antibiotics 

Long-term antibiotic treatment designed to fight a common but stubborn bacterial
infection does not reduce the risk of heart attack, according to two 

infected with Chlamydia pneumonia in the fatty plaques that clog arteries.  

The bacteria can double the chance of developing subsequent heart attacks, and 
researchers thought antibiotics might help cut that risk.  But one study, in which 
Pfizer's Zithromax, or azithromycin
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Thomas Grayston, an epidemiologist at the University of Washington and a coauthor o
the azithromycin study, told Reuters.  

Christopher Cannon, a cardiologist at Brigham & Women's Hospital in Boston and 
coauthor of the second study, concurred. "We looked every which way to see if, for 

f 

some 
patients, antibiotic treatment would be beneficial, but none of those groups showed an 

 

sterol and other substances begin accumulating at 
the damage site and cause the fatty buildup that blocks arteries over the long term.  

iving people strong antibiotics all their lives to offset the risk would be impractical and 

ch 
to 

ail to Prevent Atherosclerosis 
 

ausation, as 

 

d death and it is 
erefore unclear whether this approach can be used to stabilize plaques. 

imulates smooth muscle cells to 
roduce collagen and, under certain conditions also to proliferate.  In addition, TGF-β is 
rongly anti-inflammatory and is expressed in atherosclerotic plaques.  Its 

 one 

effect," Cannon said. The studies appear in The New England Journal of Medicine.  

Both researchers said they still believe Chlamydia plays a role in the development of 
heart disease, but the damage to the blood vessels caused by the bacteria probably begins
too early in life for any antibiotic treatment to be practical.  Cannon said once the 
infection takes hold, white cells, chole

G
possibly more problematic, particularly since overuse of antibiotics is believed to be 
responsible for the appearance of deadly drug-resistant bacteria.  "We're worried so mu
about the misuse of antibiotics with infectious diseases, that would be a terrible thing 
recommend," Grayston said.  He said a vaccine being developed against Chlamydia 
might be a more practical treatment.  

7.0.5 Antioxidants and Antibiotics F

Once again, the paradigms for atherosclerosis causation have failed to produce positive 
clinical results.  First, all of the proponents of the LDL oxidation theory had predicted 
that ingestion of antioxidants would prevent or control atherosclerotic heart disease.  
Antioxidant studies failed.  Now, the inflammatory theory of atherosclerosis c
it relates to Chlamydia, has failed.      
 
7.0.6 Other Plaque Considerations 
 
The path from an activating stimulus to destruction of plaque tissue involves novel gene 
expression, which in turn depends on activation of a set of transcription factors.  Among
these, nuclear factor Kappa B (NF-кB) appears to be particularly important as it is 
readily expressed in the artery wall and induces metalloproteinases, pro-
inflammatory cytokines, radical producing enzymes and other potentially dangers 
proteins.  NF-кB is also involved in the regulation of cell proliferation an
th
 
An alternative to inhibiting plaque destruction could be to promote tissue build-up.  The 
cytokine, transforming growth factor-β (TGF-β) st
p
st
expression is induced through a signal transduction pathway that is different from the
leading to pro-inflammatory cytokines, namely the Jak/STAT pathway. 
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Further downstream in the pathway to myocardial infarction, vasospasm and coronary 
thrombosis are key phenomena (Hansson, G.K.  The stabilized plaque:  will the dream 

he importance of acute coronary syndromes and their consequence in the elderly is 

ns 

.  

 
yocardial infarction were actually invisible on angiography, suggesting 

at by 

ncer 
prevention. 

  
 

d into 

idely 

 number of large, international, multicenter trials have clearly demonstrated the impact 
d-

 

come true?  Euro Heart J Suppl  2001; 3: C69-C75). 
 
 
T
demonstrated by the fact that the incidences of new and recurrent heart attacks 
increase with age (American Heart Association.  1999 Heart and stroke statistical 
update.  Dallas, Texas American Heart Assn. 1998). 
 
The underlying cause of coronary heart disease is the development of coronary artery 
atherosclerosis.  Although it is true that it takes many years for the lesions to develop, 
the final chain of events that causes an acute coronary event is much more dramatic.   
 
A meta-analysis of data from patients who had suffered a myocardial infarction and had 
undergone angiography shortly before the acute event showed that the smaller lesio
(i.e., those causing <50% diameter occlusion) were more commonly 
associated with subsequent infarction than lesions that caused >50% 
diameter occlusion (Falk, L., Shah, P.K. and Fuster, V.  Coronary plaque disruption
Circulation  1995; 92: 657-671).  In practical terms the situation is even worse, because it 
was found that a number of the lesions that subsequently caused
m
that a medical rather than a surgical approach is needed to identify and reduce risk.   
 
Thus, I believe that we need a supplementary oxidative system to keep “micro-
aggregates” from growing.  My UTOPIA approach may be able to do just th
increasing the prooxidant status in the body and the vascular system.  As with 
cancer, I believe that we need to generate an “oxidative assault” against both ca
and atherosclerosis.  This would constitute effective chemo
 
It has been proposed that small lesions are more susceptible to rupture than larger lesions.
Lesions rupture when the overlying fibrous cap is sheared off, exposing the underlying
material to the blood.  The resulting thrombus is able to extend into the lumen an
the wall of the artery.  This has the effect of making a lesion that was previously 
hemodynamically insignificant into a much more important entity that is capable of 
causing symptoms and ultimately infarction.  Plaque stability is therefore w
regarded as being even more important than plaque size. 
 
A
of the 3-hydroxy-3-methyl-glutaryl coenzyme A reductase inhibitor class of lipi
lowering agents (the statins) on acute coronary syndromes.  The Scandinavian 
Simvastatin Survival Study (4S), the West of Scotland Coronary Prevention Study 
(WOSCOPS), the Cholesterol and Recurrent Events (CARE) study and the Long-term
Intervention with Pravastatin in Ischemic Disease (LIPID) study clearly and 
unequivocally showed that statin therapy is highly beneficial in reducing risk for 
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vascular disease. 
 
The primary effect of pravastatin, shared with all other lipid-lowering drugs, is to 
reduce low-density lipoprotein (LDL)-cholesterol, which in itself has an im
development and progress of atherosclerotic lesions.  However, the statins also assis

pact on the 
t in 

e clearance of very-low density lipoprotein particles and reduce the number of 

ntent of plasma, they have been shown to be 
, P.K. and Fuster, V.  Coronary plaque disruption.  

eve that this is analogous to a snowball rolling 
row even faster and bigger. Also, I 

elieve that oxidation prevents the “circulating remnant particles” from 

py were found to contain fewer 

he 
d 

aiting to 
0 mg/ 

trol individuals.  These findings provide additional evidence to suggest that 
atin treatment also alters plaque architecture and composition in human arteries.  They 

 

lor 
d restored 

th
“circulating remnant particles.”  Although these particles do not contribute 
significantly to the overall cholesterol co
highly atherogenic (Falk, L., Shah
Circulation  1995; 92: 657-671).  I beli
down a hill, in that as it gets bigger, it tends to g
b
aggregating and aid in its excretion, by converting it into a more soluble form. 
 
Biopsies of the common carotid arteries from these animals were used to investigate 
three indicators of plaque stability:   
-the numbers of macrophages  
-the amount of plaque calcification  
-and the degree of plaque neovascularization.   
 
All three parameters have been shown in other studies to compromise plaque stability.  
Biopsies from animals that received statin thera
macrophages:  their lesions remained uncalcified and were free of neovascularization.  
The architecture of the plaques appeared to have been changed in a way that caused them 
to become more stable and therefore less likely to result in an acute coronary syndrome, 
even though there was no evidence of plaque shrinkage and despite the fact that t
hemodynamic influence of the plaques remained unaltered.  I repeat, statins di
not decrease the size of plaques nor did they change the altered 
hemodynamics caused by the plaques. 
 
A complementary study was undertaken in Scandinavia in patients who were w
undergo carotid endarterectomy.  Eleven of these patients were given pravastatin 4
day for 3 months before surgery and 13 patients received no treatment.  Histological 
examination showed that the lesions in the treated patients contained a significantly 
lower concentration of lipids (-66%), less oxidized LDL (-40%), and lower 
macrophage and T-cell counts (-41% and -54%, respectively) than did arteries from 
untreated con
st
also provide an explanation for the apparently conflicting observations from 
angiographic studies that show that statin therapy does not result in complete 
plaque regression, even though the larger intervention trails indicated that the plaques or
treated patients carried a lower risk for acute coronary events.  Again, I repeat, statins 
do result in complete plaque regression. Also, please remember the work at Bay
which showed that intra-arterial H2O2 reduced lipids in the aortic wall an
it elasticity. 
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The inflammatory markers such as C-reactive protein (CRP) provide a convenient w
to measure inflammatory changes.  It has been shown that individuals with higher levels 
of CRP are at increased risk for developing cardiovascular disease and for sufferin
its consequences.  Administration of pravastatin in large-scale CARE study was shown 
be associated with a moderate risk redu

ay 

g 
to 

ction in patients in whom inflammation was 
bsent as compared to that observed in patients with CRP-based evidence of 

dy is 
accounted for by the reduction in those who entered with inflammatory lesions, even 
though the degree of reduction of LDL-cholesterol and the changes in the other 
lipids were directly comparable in both groups.  These observations clearly emphasize 
the importance of the inflammatory status of patients in terms of assessing their likely 
outcome with therapy (Gaw, A.  Healthy aging: addressing acute coronary syndrome?  
Eur Heart J Suppl 2001; 3: N11-N15). 

wing 

s 

ethods to 
quantify the F2-isoprostanes (IsoPs), prostaglandin (PG)-like compounds derived 

sis is a 
reat 

essment of human atherosclerotic cardiovascular disease.

or 

s of 

a
inflammatory plaques.  In fact, most of the reduction in risk demonstrated in that stu

 
7.0.7 Isoprostanes as Indices of Oxidant Stress and the Risk of Atherosclerosis 
 
Some of the following material was excerpted, abstracted or modified from the follo
article:  (J. D. Morrow, Quantification of Isoprostanes as Indices of Oxidant Stress and 
the Risk of Atherosclerosis in Humans. Arteriosclerosis, Thrombosis, and Vascular 
Biology. 2005;25:279). 

Enhanced oxidant stress occurring either locally in the vessel wall or systemically i
implicated in the pathogenesis of atherosclerosis in humans. Nonetheless, evidence that 
oxidant stress is increased in vivo in association with this disease and that it can be 

quantified in living human beings has been lacking because of the unavailability of 
biomarkers to assess oxidant stress in humans. Recently, the development of m

 

from the free radical-catalyzed peroxidation of arachidonic acid, has allowed a facile 
and accurate assessment of oxidant stress in vivo.  They have been shown to be 
increased in association in with a number of atherosclerotic risk factors, including 
cigarette smoking, hypercholesterolemia, diabetes mellitus, and obesity, among others. 
Despite the fact that the role of oxidant stress in the pathogenesis of atherosclero
hotly debated issue, IsoPs may represent a biomarker that has the potential to be of g
importance in the ass   

Oxidation of biomolecules including lipids, proteins, and nucleic acids has been 
implicated in the pathogenesis of many diseases, including atherosclerosis. Mechanisms 
that have been proposed to result in enhanced lipoprotein oxidation, either locally 
systemically, and the development and progression of atherosclerosis include increased 
production of tumor necrosis factor and other cytokines, upregulation of NADPH 
oxidase(s) and other oxidative enzymes in vascular tissue, and increases in the renin-
angiotensin system.  

Studies performed in the 1980s and 1990s, suggested that antioxidants decrease 
atherosclerosis presumably by reducing oxidative stress.  However, prospective clinical 
trials of antioxidant supplementation using vitamin E and other agents have been 
disappointing. Three large trials, ATBC, GISSI, and HOPE, involving thousand
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subjects failed to show a reduction of cardiovascular events when vitamin E was 
used at doses ranging from 50 to 400 IU per day (The effect of vitamin E and be
carotene on the incidence of lung cancer and other cancers in male smokers: the 
Tocopherol, Beta Carotene Cancer Prevention Study Group. N Engl J Med. 1994; 330: 
1029–1035) (Dietary supple

ta 
Alpha-

mentation with n-3 polyunsaturated fatty acids and vitamin E 
after myocardial infarction: results of the GISSI-Prevenzione trial: Gruppo Italiano per lo 

ion 

nts, reported a 
significant reduction, by almost 50%, in the incidence of cardiovascular events 

, 
 renal 

 been given to explain the lack of benefit of vitamin E in the 
prevention of atherosclerosis, but a critical assumption of the prospective clinical trials 
reported was that antioxidants decrease atherosclerosis by inhibiting oxidant stress.  
I believe that another erroneous critical assumption has been that oxidative stress 
exists and that investigators have assumed that the Free Radi-Crap theory is 
correct.  In no trial reported, however, was an assessment of oxidant stress undertaken in 
study participants, nor was the ability of vitamin E to inhibit oxidative injury determined.  
Thus, it is impossible to determine whether vitamin E inhibited oxidative injury in the 
populations studied. 

A major difficulty with assessing the role of lipid peroxidation in any disease process is 
the lack of methods to quantify this entity in vivo in humans. Assays that exist to measure 
lipid peroxidation include the quantification of primary peroxidation products such as 
conjugated dienes and lipid hydroperoxides. Secondary peroxidation products that can be 
measured include thiobarbituric acid reactive substances, malondialdehyde, and exhaled 
alkanes.  Despite the fact that there are a number of assays, they are primarily of use to 
measure oxidation in vitro and are inaccurate when applied to the in vivo 
assessment of oxidant stress in humans and this has been shown in numerous studies 
(Morrow JD. The isoprostanes: Their quantification as an index of oxidant stress status in 
vivo. Drug Metab Rev. 2000; 32: 377–385) (Halliwell B, Grootveld M. The measurement 
of free radical reactions in humans. FEBS Lett. 1987; 213: 9–14) (Roberts LJ, Morrow 
JD. Measurement of F2-isoprostanes an index of oxidative stress in vivo. Free Radic Biol 

Studio Della Sopravvivenza nell’Infarto Miocardico. Lancet. 1999; 354: 447–455) 
(Yusuf S, Dagenais G, Pogue J, Bosch J, Sleight P. Vitamin E supplementation and 
cardiovascular events in high-risk patients: the Heart Outcomes Prevention Evaluat
Study Investigators. N Engl J Med. 2000; 342: 154–160) (Heart Protection Study 
Collaborative Group. MRC/BHF Heart Protection Study of antioxidant vitamin 
supplementation in 20,536 "high risk" individuals: a randomized placebo-controlled trial. 
Lancet. 2002; 360: 23–33).  

 Two smaller trials, CHAOS and SPACE, involving far fewer patie  

 

(Stephens NG, Parsons A, Schofield PM, Kelly F, Cheeseman K, Mitchinson MJ. 
Randomized controlled trial of vitamin E in patients with coronary disease: Cambridge 
Heart Antioxidant Study (CHAOS). Lancet. 1996; 347: 781–786) (Boaz M, Smetana S, 
Weinstein T, Matas, Gafter U, Iaina A, Knecht A, Weissgarten Y, Brunner D, Fainaru M
et al. Secondary prevention with antioxidants of cardiovascular disease in endstage
disease (SPACE): randomized placebo-controlled trial. Lancet. 2000; 356: 1213–1218).  
In these latter trials, doses of vitamin E of up to 800 IU were used. 

Various reasons have  
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Med. 2000; 28: 505–513) (Griffiths HR, Moller L, Bartosz G, Bast A, Bertoni-Freddari 
C, Collins A, Cooke M, Collen S, Haenen G, Hoberg A-M, et al. Biomarkers. Mol 
Aspects Med. 2002; 23: 101–208).   

Recent reviews have clearly shown that available markers of protein and nucleic 
acid oxidation do not accurately mirror the level of in vivo oxidant stress in animals 
or humans (Griffiths HR, Moller L, Bartosz G, Bast A, Bertoni-Freddari C, Collins A, 
Cooke M, Collen S, Haenen G, Hoberg A-M, et al. Biomarkers. Mol Aspects Med. 2002; 
23: 101–208).  The F2-isoprostanes (IsoPs) has emerged as the "gold standard" 
assessment of oxidative stress in vivo and has been used extensively to quantify lipid 
peroxidation in association with risk factors for atherosclerosis and other diseases. A 
recently completed study, termed the Biomarkers of Oxidative Stress Study (BOSS), 
which was sponsored by the National Institutes of Health, has shown that the IsoPs 

are the best index of oxidative injury in a well-accepted animal model of oxidant 
stress, the administration of carbon tetrachloride to rats (Kadiiska MB, Gladen BC, Baird 
DD, Germolec D, Graham LB, Parker CE, Nyska A, Wachsman JT, Ames BN, Basu S, 
Brot N, FitzGerald GA, Floyd RA, George M, Heinecke JW, Hatch GE, Hensley K, 
Lawson JA, Marnett LJ, Morrow JD, Murray DM, Plastaras J, Roberts LJ, Rokach J, 
Shigenaga MK, Sohal RS, Sun J, Tice RR, Van Thiel DH, Wellner D, Walter PB, Tomer 
KB, Mason RP, Barrett JC. Biomarkers of Oxidative Stress Study II. Are oxidation 
products of lipids, proteins, and DNA markers of CCl4 poisoning?. Free Radic Biol 
Med.).  Incidentally, this may be a record holder for the highest number of authors 
for a single paper. 

IsoPs are prostaglandin (PG)-like compounds formed from the peroxidation of 
arachidonic acid, a ubiquitous polyunsaturated fatty acid.  Unlike PGs, which are formed 
via the action of the cyclooxygenase enzymes, F2-IsoPs are generated as a result of the 
free radical-mediated peroxidation of arachidonic acid independent of this enzyme. 
The sources of free radicals that contribute to IsoP formation in vivo are likely multiple. 
These include the generation and leakage of reactive oxygen species such as superoxide 

 and the hydroxyl radical from the mitochondrial electron transport system and the P450
family of drug-metabolizing enzymes, the generation of superoxide by the NADPH 
oxidases, hydroperoxyl radicals from the lipoxygenases, and transition metal-catalyzed 
formation of reactive oxygen species, among others. IsoPs that contain F-type prostane 
rings are isomeric to PGF2  and are thus referred to as F2-IsoPs. The fact that 2 
nomenclature systems exist has made an understanding of IsoPs more complicated for 

those less familiar with this field. 

Another important point regarding the quantification of IsoPs in biological fluids is that 
e likely represent a steady-state concentration that is dependent 

on production (degree of oxidative stress) versus metabolism and excretion.  Therefore, 
levels in a particular tissu

 

evidence to date suggests that circulating F2-IsoP concentrations are largely dependent on 
production rather than metabolism and excretion, suggesting that they truly are 
indicative of the level of oxidant stress in vivo.   
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7.0.8 Cigarette smoking 

A link between cigarette smoking and risk of cardiovascular disease is well-established 46

However, the underlying mechanism(s)
.  

t fully understood. Individuals 
who smoked heavily (>30 cigarettes per day) and age- and sex-matched nonsmoking 

d. Plasma concentrations of free and esterified F2-IsoPs 
were significantly elevated by >2-fold in the smokers compared with the nonsmokers. 

d 

ular 

It has been well-established that patients with hypercholesterolemia have an increased 

 

l 

riglycerides, or LDL cholesterol. In addition, there was no correlation 
between IsoP and arachidonate levels. Thus, these data suggest that the finding of high 

nts with hypercholesterolemia may not be simply because of the 
presence of more lipid, i.e., arachidonic acid substrate. Rather, it is argues that 

rlying basis 

and effect 

nd 

ales N, Nadler J. Formation of F2-
isoprostanes in vascular smooth muscle cells by elevated glucose and growth factors. Am 

). In the case of type I disease in children and 
adolescents, increases in IsoP formation represent an early event in the disease and 

 

 for this effect is no
 

normal volunteers were studie

Collectively, these findings suggest strongly that smoking causes an oxidative stress an
the observation that smokers have elevated levels of F2-IsoPs in plasma lipids and urine 
also supports the hypothesis that the link between smoking and risk of cardiovasc
disease may be attributed to enhanced oxidation of lipids. 

7.0.9 Hypercholesterolemia 

 

risk for atherosclerosis. F2-IsoP formation is significantly increased in this disorder.  
It has been shown that urinary F2-IsoP levels are significantly higher in type IIa 
hypercholesterolemic subjects by 2- to 3-fold.  Similar observations were made by Reilly
et al in individuals with homozygous familial hypercholesterolemia. Further, in one 
report, it has been shown that treatment of hypercholesterolemia with pravastatin 
markedly decreases both serum cholesterol levels and urinary F2-IsoP excretion. 

Levels of F2-IsoPs in hypercholesterolemic subjects, and were found to be significantly 
increased a mean of 3.4-fold (range, 1.7- to 7.5-fold) above levels measured in norma
controls (P<0.001), but there was no correlation between levels of F2-IsoPs and serum 
cholesterol, t  

 

levels of F2-IsoPs in patie

hypercholesterolemia is associated with enhanced oxidative stress. The unde
for this observation, however, remains unclear.  I believe that it is very difficult to 
make any sense out of this data and it definitely can not be used for cause 
conclusions. 

7.0.10 Diabetes Mellitus 

Patients with diabetes mellitus are known to have an increased incidence of 
atherosclerotic vascular disease. Interestingly, the formation of F2-IsoPs has been fou
to be induced in vascular smooth muscle cells in vitro by elevated glucose 
concentrations (Natarajan R, Lanting L, Gonz

J Physiol. 1996; 271: H159–H165

decrease as the disease progresses (Davi G, Chiarelli F, Santilli F, Pomilio M, Vigneri S, 
Falco A, Basili S, Ciabattoni G, Patrono C. Enhanced lipid peroxidation and platelet
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activation early phase of type 1 diabetes mellitus: Role of interleukin 6 and disease 
duration. Circulation. 2003; 107: 3199–3203). 

7.0.11 Overweight and Obesity 

Obesity is on the rise and the National Center for Health Statistics reports 35% of fema
and 31% of males age 20 and older are considered obese (up from 30% and 25% in 
1980).  Sales of low-fat and non-fat products exceed $33 billion annually. 

The marked increase in the incidence of overweight and obese

les 

 as 

ckel RH, 
Barouch WW, Ershow AG. Report of the National Heart, Lung, and Blood Institute-

 

–2698).  

ay be 
 by which obesity increases the incidence of atherosclerotic 

cardiovascular disease (Keaney JF, Larson MG, Vasan RS, Wilson PWF, Lipinska I, 

 

en: Role 

ween 

as 
plored.71 The finding of a positive correlation between plasma concentrations of 

F2-IsoPs and homocysteine supports the suggestion that the mechanism underlying the 

o A, 
t D. Hyperhomocysteinemia in 

 persons is recognized
perhaps the most serious public health issue in the United States. It is estimated that 
currently >60% of American adults are overweight and 20% are obese (E

National Institute of Diabetes and Digestive and Kidney Diseases Working Group on the
pathophysiology of obesity-associated cardiovascular disease. Circulation. 2002; 105: 
2923–2928).   Overweight and obesity are associated with a significantly increased 
mortality from atherosclerotic cardiovascular disease and other causes.  Although obesity 
itself appears to augment the incidence of cardiovascular events, it is also associated 
with major risk factors for atherosclerosis, including hyperlipidemia, diabetes 

mellitus, hypertension, and the metabolic syndrome (Grundy SM. Obesity, metabolic 
syndrome and coronary atherosclerosis. Circulation. 2002; 105: 2696

At least 2 recent reports provide evidence that elevated systemic oxidant stress m
an important mechanism

Corey D, Massaro JM, Sutherland P, Vita JA, Benjamin EJ. Obesity and systemic oxidant 
stress: clinical correlates of oxidative stress in the Framingham Study. Arteroscl Thromb
Vasc Biol. 2003; 23: 434–439) (Davì G, Guagnano MT, Ciabatton G, Basili S, Falco A, 
Marinopiccoli M, Nutini M, Sens S, Patrono C. Platelet activation in obese wom
of inflammation and oxidant stress. JAMA. 2002; 288: 2008–2014). 

In addition to obesity, smoking and diabetes were independently associated with 
increased IsoP excretion.  

High plasma levels of homocysteine may be an independent risk factor for cardiovascular 
disease (Famm SS, Morrow JD. The isoprostanes: Unique products of arachidonic acid 
oxidation—a review. Curr Med Chem. 2003; 10: 1723–1740).  The relationship bet
total plasma concentrations of homocysteine and F2-IsoPs in 100 Finnish male 
participants in the Antioxidant Supplementation in Atherosclerosis Prevention study h
been ex

link between high homocysteine levels and risk for cardiovascular disease may be 
attributed to enhanced lipid peroxidation. In contrast, Hirsch et al did not find an 
association between hyperhomcysteinemia and increased IsoP formation in men with 
normal serum folate levels (Hirsh S, Ronco AM, Vasquez M, del la Maza MP, Garrid
Barrera C, Gattas V, Glasinovic A, Leiva L, Bunou
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healthy young men and elderly men with normal serum folate concentration is not 
associated with poor vascular reactivity or oxidative stress. J Nutr. 2004; 134: 1832–
1835). 

Although obesity itself appears to augment the incidence of cardiovascular events, it 
is also associated with major risk factors for atherosclerosis including hyperlipidemia, 
diabetes mellitus, hypertension, and the metabolic syndrome (Jason D. Morrow, Is 
Oxidant Stress a Connection between Obesity and Atherosclerosis? Arterioscle
Thrombosis, and Vascular Biology. 2003;23:368.). 

So why do these discrepancies exist between human and animal

rosis, 

t 

. 

f 
n supplementation trials has been cardiovascular events as opposed to 

animal studies in which early evidence of atherosclerosis such as fatty streaks were 

ment in 

 
ken 

nts 

by which 
overweight/obesity induces oxidant stress. It is likely that multiple pathways contribute 
because overweight/obesity is not only associated with increased oxidant stress but 
also with elevated systemic inflammation and activation of coagulation cascades 
(Eckel RH, Barouch WW, Ershow AG. Report of the National Heart, Lung, and Blood 
Institute-National Institute of Diabetes and Digestive and Kidney Diseases Working 
Group on the pathophysiology of obesity-associated cardiovascular disease. Circulation. 
2002; 105: 2923–2928) (Chan JC, Cheung JC, Stehouwer CD, Emeis JJ, Tong PC, Ko 
GT, Yudkin JS. The central roles of obesity-associated dyslipidaemia, endothelial 
activation and cytokines in the Metabolic Syndrome–an analysis by structural equation 
modeling. Int J Obes Relat Metab Disord. 2002; 26: 994–1008).  

A number of pathways capable of generating injury-inducing free radicals derived largely 
r 

ulting increase in 

 studies and among 
various clinical trials? Several reasons have been proposed. The first relates to the fac
that many reported animal studies used doses of antioxidants that were far greater than 
those administered to humans. Indeed, it can be inferred that vitamin E may be a low 
potency antioxidant (Meagher EA, Barry OP, Lawson JA, Rokach J, FitzGerald GA
Effects of vitamin E on lipid peroxidation in healthy persons. JAMA. 2001; 285: 1178–
1182). In support of this, both the CHAOS and SPACE studies, in which vitamin E 
appeared protective, used higher doses of the agent. Secondly, the endpoint o
prospective huma  

quantified. The possible contribution of oxidant stress to early lesion develop
humans has not been carefully studied. Third, it is the assumption of the prospective 
clinical trials reported that antioxidants decrease atherosclerosis by inhibiting oxidant
stress. In no trial reported, however, was an assessment of oxidant stress underta
in study participants nor was the ability of vitamin E to inhibit oxidative injury 
determined.  Thus, it is impossible to determine whether vitamin E or other antioxida
inhibited oxidative injury in the populations studied. Despite these issues, the weight of 
evidence reported to date suggests that vitamin E is unlikely to prevent 
atherosclerosis. 

An important question raised by this report relates to mechanisms 

from molecular oxygen are known to be perturbed in association with obesity. Fo
example, the renin-angiotensin system is upregulated in obesity.  Angiotensin II has 
been shown to induce NADPH oxidase in various tissues with a res

Page 527 of 931 



superoxide production.  Angiotensin II has also been shown to increase LDL uptake by 
acrophages, resulting in enhanced lipoprotein oxidation.  Further, obesity has been 

ciated 

xia and Hypoxemia 
 

n 

 

mer 
er 

e 
r 

 to the 

 that 
he prognosis of cancer patients. It has been found that 

pancreatic tumors are among the most hypoxic of any tumors that have been studied. This 

needed to maximize the killing of cells by radiation. So let's say you're 
treating a pancreatic cancer patient with chemo and radiation and manage to kill all the 

ly 

ll is 
athways become activated to help 

the tumor survive the stress of hypoxia. Investigators are trying to come up with ways to 

m
associated with reduced antioxidant defense mechanisms, including decreased 
erythrocyte glutathione and glutathione peroxidase (Trevisan M, Browne R, Ram M, 
Muti P, Frudenheim J, Carosella AM, Armstrong D. Correlates of markers of oxidative 
status in the general population. Am J Epidemiol. 2001; 154: 348–356).  

Weight loss approaches are often ineffective, and thus it is clear that the medical 

community will be faced with an increasing number of persons with diseases asso
with obesity including diabetes, hypertension, and atherosclerosis.  

7.1     20 Hypo

For most organisms and for all aerobic organisms, oxygen is essential for life.  If oxyge
levels drop below those required to maintain the minimum physiological oxygen 
requirement of an organism or tissue it is termed hypoxia.  Hypoxia triggers immediate 
molecular responses to prevent possible deleterious effects.  Hypoxia is characteristic
of tumors, mainly because of impaired blood supply resulting from abnormal growth 
(Hopfl, G. Ogunshola, O. and Gassmann, M. HIFs and tumors---causes and 
consequences.  Am J Physiol Integr Comp Physiol 286: R608-R623, 2004).  The 
response is mediated by the hypoxia inducible factor-1 (HIF-1), which is a heterodi
consisting of an alpha- and a beta- subunit and is a protein, which is stabilized und
hypoxic conditions. 

Consider the normal scenario of hypoxia associated with pancreatic cancer cells.  On
theory relates to the characteristics of the microenvironment around the pancreatic tumo
cells themselves. Pancreatic tumors have a very low oxygen content compared
surrounding normal tissue. This condition of low oxygen is called hypoxia. All solid 
tumors have some degree of hypoxia, and numerous clinical studies have shown
hypoxia negatively affects t

characteristic may represent one way in which pancreatic tumor cells can escape the 
effects of standard cancer treatments. Hypoxic cells do not divide, and therefore 
chemotherapeutic agents that target actively dividing cells may not work as well against 
this population of cells. Hypoxic cells are also relatively resistant to radiotherapy since 
oxygen is 

sensitive cells within the tumor. When you stop that treatment, the cells that have 
survived by virtue of being hypoxic may find themselves in a new environment. If there 
is enough oxygen around, these cells can now start to grow again and potential
metastasize to other sites.  

Normally, cells die when they don't have enough oxygen. But when a tumor ce
deprived of oxygen, a number of specific signaling p
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block this pathway or interrupt this signaling cascade to promote tumor cell death duri
hypoxia.  

There are also some agents that preferentially kill h

ng 

ypoxic cells. For example, there is a 
novel chemotherapy agent called tirapazamine, which has been tested in head and neck 

creatic 

 tissues 
s heavy metals, poisons and venoms mainly derange important 

enzymatic reactions. Metabolic homeostasis of cells and tissues is also disturbed by 

t 
re 

riate amount or in the 
inappropriate way.  

 
sistent 

m 
ater into cell. It is 

the reason of endoplasmic reticulum dilatation. The dilatation provides complete 

es. 

is could be interpreted as a sort of “spontaneous regression.”  
In the others cases, vacuoles in the cytoplasm and the damage of mitochondrial 

sible process. Because of the membrane 
damage, the extracellular calcium may enter the cell and accumulate in mitochondria. 

cancer and for lung cancer. It can be delivered to the whole tumor but is only 
metabolized into its active form under hypoxic conditions. Once activated, it 
preferentially kills hypoxic tumor cells.  This drug has not yet been tested in pan
cancer, but definitely should be in the future.  However, may I remind you that 
inflamed tissue and fat cells are usually hypoxic. 

Some chemicals, namely caustic agents and mineral acids are able to damage
directly, other such a

the action of genotoxic and proteotoxic agents.  

To the often observed defects belong: destruction of cell membranes, decrease of 
intracellular pH, release of lysosomal enzymes and changes similar as in hypoxia 
(decrease of oxidative phosphorylation). Lysosomal enzymes and RONS have an 
essential role in the damage of cell structures especially during the injuring inflammation. 
These substances may be also activated by the action of many amphiphilic detergents tha
are components of different cleaning and washing preparations and tooth pastes. They a
dangerous if they reach inside the body in the inapprop

The oxygen deficiency is manifested in 3--5 minutes. In mitochondria, oxidative 
phosphorylation is very quickly impaired and insufficient production of ATP appears. 
Deficiency of ATP activates anaerobic metabolism in which ATP is formed from
glycogen. But the reserves of glycogen are again quickly depleted. Because of per
ATP insufficiency, the sodium-potassium pump loses its operating capacity. This 
leads to the intracellular accumulation of sodium and the leakage of potassium fro
cells.  Accumulation of sodium induces the transfer of ions and w

damage to ribosomes and blocks proteosynthesis.  

If the hypoxia continues, the whole cell is overfilled with water, sodium, and chlorid
This state is still reversible, after the renewing of oxygen transport, the cell should 
recover. In my opinion, th

membrane appear. Now, it is the irrever

The production of ATP is completely terminated and that is thought to be the real 
death of the cell. The cell or tissue death is performed as necrosis.  

Cell damage may be also caused by different gasses, especially by nitrogen oxides, 
sulphur dioxide, carbon monoxide, formaldehyde, chlorine, etc. Carbon monoxide is 
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bound by hemoglobin with 300 times higher affinity than oxygen. Therefore the 
exposure to CO develops the secondary oxygen deficiency due to the termination of 
oxygen transport to cells. 

7.1.1 My View on “Relative-Hypoxia” 

ive to lowered O2 (hypoxic) 
concentrations, than the venous vasculature and thus, the arterial side is more prone to the 

enous side of the circulatory system.  This also 
explains the fact that atherosclerotic lesions are more prone to appear in the upper 
portions of the circulatory system than the lower portions.  The “relative hypoxia” leads 
to a deficiency state of EMODs, which allows the development of cancer, 
atherosclerosis and arteriosclerosis. 

Some of the following material was modified, abstracted or excerpted from a paper 
entitled:   Cigarette Smoking Alters the Rabbit Transarterial Wall Oxygen Gradient.  S. 
M. Santilli, MD, PhD, J.W. Kronson, MD, and W.D. Payne, MD, Ann Vasc Surg 1998; 
12:174-181.  I believe that this is a very important study. 

7.1.2 Cigarette Smoking and Hypoxia 

The objective of this study was to determine the effect of short - term ( 3 weeks ) and 
long - term ( 10 weeks ) cigarette smoking on the transarterial wall oxygen gradient.  
Female New Zealand White Rabbits (3 - 4 kg) were exposed to the smoke of seven 
nonfiltered cigarettes daily and their transarterial wall oxygen gradients measured at 3 
weeks or 10 weeks before and during cigarette smoke exposure. Arterial blood oxygen 
content, percent of carboxyhemoglobin, and arterial blood pressure were recorded during 
the experiments. Short - term cigarette smoking resulted in a decrease in the artery 

onded to 
tained 

 
esults 

lished five factors that were predictors for 
atherosclerosis: hypertension, hypercholesterolemia, glucose intolerance, left 
ventricular hypertrophy, and smoking (Shurtleff D. Some characteristics related to the 
incidence of cardiovascular disease and death: Framingham study - 18-year follow-up, 
section 30. US Department of Health, Education, and Welfare, 1984; publication (NIH) 

Considering normal physiology, “relative-hypoxia” is a common occurrence in the 
venous side of circulation, whereas, normally the arterial side has a high oxygen 
content.  Thus, I believe that the arterial side is more sensit

development of atherosclerosis than the v

wall oxygen content only during exposure to cigarette smoke that corresp
arterial blood hypoxia. Long - term cigarette smoke exposure resulted in a sus
decrease in artery wall oxygen content noted 24 hours after last exposure to 
cigarette smoke with normal levels of arterial blood oxygen and an acute decrease 
during cigarette smoke exposure with corresponding arterial blood hypoxia. These 
results were noted despite no differences in blood pressure or evidence of atherosclerotic 
lesions. Short - term cigarette smoking results in artery wall hypoxia only during cigarette
smoke exposure and arterial blood hypoxia while long - term cigarette smoking r
in sustained artery wall hypoxia in the presence of normal arterial blood oxygen 
content. (Ann Vasc Surg 1998; 12:174-181.) 

The Framingham study estab
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74-599). Of these five factors, smoking was the most important in the development of 
intermittent claudication. (Kannel WB, McGee D, Gordon T. A general cardiovascular 
risk profile - the Framingham study. Am J Cardiol 1976;38:4-51).  Although the 
association between cigarette smoking and atherosclerosis is well established, the 
mechanism is not known. However, I believe that my Unified theory lends more 
insight into the biochemical mechanism involved in smoking, which relate to 
deficiency states of EMODs. 

A consistent finding in models of cigarette smoking is that the vascular endothelium 
has increased permeability (Allen DR, Browse NL, Rutt DL, Butler L, Fletcher C. The 
effect of cigarette smoke, nicotine, and carbon monoxide on the permeability of the 
arterial wall. J Vasc Surg 1988;7(1):139-152); a characteristic of hypoxic endothelial 
cells (Zemplenyi T, Blankenhorn DH. Vascular permeability, hypoxia, and 

 
ges similar to 

sson 

e pathophysiology of atherosclerosis including 
carbon monoxide - a substance that impairs the delivery of oxygen to tissues. (Topping 

ogenesis. Atherosclerosis 
1977;26:129-137) (Astrup P. Some physiological and pathological effects of moderate 

atherosclerosis, which include diabetes, hypertension, aging, and an arterial 

 

Control. The mean oxygen tension at the adventitia was 61.0 + - 3.9 mmHg. Oxygen 
 

g 

sure. 

the artery 
wall toward the lumen. Oxygen tensions gradually rose to 39.5 + - 2.4 mmHg 

 

atherosclerosis. Angiologica 1972;9:429-439) and the scanning electron microscopic
appearance of vascular endothelial cells from smoking models reveals chan
those seen with endothelial cell hypoxia (Bylock A, Bondjers G, Jansson I, Han
AA. Surface ultrastructure of human arteries with special reference to the effects of 
smoking. Acta Pathol Microbiol Scand 1979;87:201A-209A).  Numerous components of 
cigarette smoke have been implicated in th

DL. Metabolic effects of carbon monoxide in relation to ather

carbon monoxide exposure. Brit Med J 1972;2:447).  

Artery wall hypoxia has been implicated as a possible contributing mechanism for 
atherosclerosis associated with cigarette smoking. Other risk factors for 

bifurcation, have been associated with the development of artery wall hypoxia prior to 
the formation of atherosclerotic lesions.  These studies were approved by the University
of Minnesota Animal Rights Committee. 

7.1.3 Results Transarterial Wall Oxygen Measurements  

tensions slowly fell reaching a nadir of 27.6 + - 4.5 mmHg at 70% of the distance through
the artery wall toward the lumen. Oxygen tensions gradually rose to 40.4 + - 3.4 mmH
immediately before entering the lumen. The luminal value was 82.2 + - 5.7 mmHg.  

Short - term cigarette smoking group (ST pre-exposure) - before daily smoke expo
The oxygen tension at the adventitia was 58.3 + - 3.5 mmHg. Oxygen tensions slowly 
fell reaching a nadir of 24.3 + - 2.2 mmHg at 70% of the distance through 

immediately before the lumen. The luminal value was 84.0 + - 4.7 mmHg. There was no
difference between the ST preexposure group and the control group.  
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Short - term cigarette smoking group (ST exposure) - during daily smoke exposure. T
oxygen tension at the adventitia was 40.4 + - 2.3 mmHg. Oxygen tensions slowly fell 
reaching a nadir of 9 + - 1.5 mmHg 65% of the distance through the artery wall toward 
the lumen. Oxygen ten

he 

sions gradually rose to 29.4 + - 1.9 mmHg immediately before the 
lumen. The luminal value was 73.7 + - 5.9 mmHg. The ST exposure group had 

 fell 

 
ns 

 smoking group (LT exposure) - during daily smoke exposure. The 
oxygen tension at the adventitia was 46.4 + - 2.3 mmHg. Oxygen tensions slowly fell 

g 65% of the distance through the artery wall 
toward the lumen. Oxygen tensions gradually rose to 31.1 + - 3.0 mmHg immediately 

tensions 
between the groups.  NOTE: All comparisons of artery wall oxygen tensions were made 

ugh the artery wall to account for small differences in 
wall thickness. This fits well with my UTOPIA theory, in that smoking produces 

ent 

Carboxyhemoglobin levels were measured prior to daily cigarette smoke exposure and 

 in the 

 

significantly decreased oxygen tensions throughout the artery wall and significantly 
decreased luminal oxygen tensions when compared to the control group.  

Long - term cigarette smoking group (LT preexposure) - before daily smoke exposure. 
The oxygen tension at the adventitia was 51.4 + - 2.5 mmHg. Oxygen tensions slowly
reaching a nadir of 20.7 + - 1.8 mmHg at 70% of the distance through the artery wall 
toward the lumen. Oxygen tensions gradually rose to 35 + - 2.4 mmHg immediately 
before the lumen. The luminal value was 80.8 + - 3.7 mmHg. When compared to the 
control group, the LT preexposure group had significantly decreased oxygen tensions
throughout the artery wall with no significant difference in the luminal oxygen tensio
between the groups.  

Long - term cigarette

reaching a nadir of 13.2 + - 2.5 mmH

before the lumen. The luminal value was 74.5 + - 5.9 mmHg. When compared to the 
control group, the LT exposure group had significantly decreased oxygen tensions 
throughout the artery wall except at a distance of 99% of the distance through the 
wall toward the lumen. There was no significant difference in luminal oxygen 

at a similar percent distance thro

EMOD deficiency levels in the arterial wall and it then “allows” for the developm
of atherosclerosis. 

7.1.4 Carboxyhemoglobin Levels  

were 3.23 + - 0.9% in the control group, 8.76 + - 2.4% in the ST group, and 9.30 + - 2.6% 
in the long - term group. Carboxyhemoglobin levels were significantly increased
short - term group and long - term group when compared to the control group.  

7.1.5 Arterial Blood Pressure 

Systolic blood pressure was significantly decreased in the ST exposure (72.4 + - 5.6 
mmHg) and LT exposure (74.0 + - 3.9 mmHg) groups when compared to the control 
group (87.2 + - 4.9 mmHg). There was no difference in diastolic blood pressure between
the groups or significant variation in blood pressure during the experiment (blood 
pressure was continuously monitored) 

Page 532 of 931 



Results indicate that the rabbit model of cigarette smoking reproduces the same
of carboxyhemoglobin found in human cigarette smokers (Schneiderman G, 
Goldstick TK, Zuckerman L. Similarity between the site of minimum pO2 and the
initiation of atherosclerosis. Arteriosclerosis 1974;16:32-36) (Prignot J. Quantification 
and chemical markers of tobacco exposure. Eur J Respir Dis 1987;70:1-7) and is a valid
model. The data demonstrate that short - term exposure to cigarette smoke decreases the
delivery of oxygen to the artery wall only during exposure to daily cigarette smoke. The 
decreased delivery of oxygen corresponds with a decrease in arterial blood ox
content. They also discovered that long - term cigarette smoke exposure results in a 
chronic decrease in the delivery of oxygen to the artery wall that was noted prior to 
daily cigarette smoke exposure with no difference in arterial blood oxygen content when 
compared to controls. Long - term cigarette smoking rabbits had a further decrease 
artery wall oxygen delivery during cigarette smoke exposure with a correspon

 levels 

 site of 

 
 

ygen 

in 
ding 

decrease in arterial blood oxygen content. Systolic blood pressure recorded during 
ecreased in both the short - term and long - term 

exposure groups - a finding consistent with results reported by other investigators.  These 

elivery 

 
this 

of 
 

l localization of matrix metalloproteinase-2 
to the neointima of balloon-injured rat carotid arteries. Circulation. 1998; 97: 82–90) or 

onse to 
 

 Proc 
vessel 

 old 
P, et al. 

cigarette smoke exposure was d

changes in artery wall oxygen delivery were noted in the groups without differences in 
artery wall thickness and prior to the development of atherosclerotic lesions. These 
findings suggest that cigarette smoke exposure results in an acute decrease in d
of oxygen to the artery wall during cigarette smoke exposure and a chronic, 
persistent decrease in delivery of oxygen to the artery wall with long - term cigarette 
smoke exposure.  I believe that this data definitely shows that hypoxic conditions are
present in the arterial wall prior to the development of atherosclerosis and that 
further argues that deficiency levels of O2, would result in deficiency levels 
EMODs, and this would “allow” for the development of atherosclerosis.

7.1.6 Intimal Injury Response 

The intimal growth occurring during aging in rodents and nonhuman primates in the 
absence of experimental injury resembles, in some ways, the late stages of neointimal 
formation observed after vascular injury induced by arterial catheter balloon 
inflation  (Jenkins GM, Crow MT, Bilato C, et al. Increased expression of membrane-
type matrix metalloproteinase and preferentia

after aortocoronary saphenous vein graft implantation (Motwani JG, Topol EJ. 
Aortocoronary saphenous vein graft disease: pathogenesis, predisposition, and 
prevention. Circulation. 1998; 97: 916–931). Atherosclerotic plaques and 
inflammatory cells, however, are basically absent. Neointimal growth in resp
injury is markedly enhanced in older versus younger rats (Stemerman MB, Weinstein
R, Rowe JW, et al. Vascular smooth muscle cell growth kinetics in vivo in aged rats.
Natl Acad Sci U S A. 1982; 79: 3863–3866) and is due to factors intrinsic to the 
wall, because the excessive intimal hyperplasia is still observed when aortae from
animals are transplanted into younger ones (Hariri RJ, Alonso DR, Hajjar D
Aging and arteriosclerosis: I: development of myointimal hyperplasia after endothelial 
injury. J Exp Med. 1986; 164: 1171–1178).   
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Early-passage vascular SMCs from aged aortae secrete more MMP-2 than those from 
young aortae when stimulated with the cytokines interleukin-1  (IL-1 ), tumor necrosis 
factor-  (TNF- ), or TGF-ß. This suggests that enhanced MMP-2 levels in the 

n part, to enhanced SMC chemotaxis or proliferation in response to 
growth factors such as PDGF.  Many of the age-associated intimal and matrix changes 

ministration of ACE inhibitors, suggesting that 
age-associated changes in the local vascular angiotensin system may play a central 

, the 

from 
 

 
s 

ay 
ge-

l 

ubclinical atherosclerosis" 
gives the false impression that the atherosclerotic process is already present in the 
arterial wall, whereas, as noted above, intimal-medial thickening and endothelial 
dysfunction clearly occur in the absence of atherosclerosis. (Lakatta, EG. Arterial and 
Cardiac Aging: Major Shareholders in Cardiovascular Disease Enterprises. Circulation. 
2003;107:490). In other words, excessive intimal-medial thickening in humans is not 
necessarily synonymous with "early" or "subclinical" atherosclerosis. Rather, as the 
arterial wall becomes remodeled during aging, it becomes super-sensitive to risk factors 
(e.g., high-lipid diets, etc) not usually encountered by animals. The interaction of these 

d 
ls 

 

thickened intima of aortae from aged rats may, in part, reflect a chronically 
enhanced level of cytokine stimulation in vivo. It is also noteworthy that early passage 
aortic vascular SMCs of old rats exhibit an exaggerated chemotactic response to 
platelet-derived growth factor (PDGF), whereas cells from young aortae require 
several additional passages in culture to generate an equivalent response. Thus, the 
exaggerated response of old vessels to experimental injury in vivo may be 
attributable, i  

can be markedly delayed by chronic ad
 

role in age-associated vascular remodeling.  

I believe that there are two important observations from the above study.  First
“factors intrinsic to the vessel wall” may refer to the redox status of the intima and 
its ability to generate EMODs and second, it seems most important that aortae 
old animals still act like old vessels when transferred to young ones.  To me, this
indicates that the deficiency states of EMODs production in the older animals
persists even after it has been transplanted and that its intrinsic biochemistry ha
not changed. 

7.1.7 Poor Selection of Terminology  

The blurring of the boundaries between the aging and the atherosclerotic processes m
have been fueled and aggravated, in part, by a poor selection of terminology. The a
associated intimal-medial thickening that is observed in humans is often ascribed to 
"subclinical" atherosclerosis. This concept has become so pervasive that intimal-media
thickening is now widely thought of by epidemiologists and clinicians as a valid 
surrogate measure of atherosclerosis. Intimal-medial thickening, however, is only 
weakly associated with the extent and severity of coronary artery disease. Indeed, 
referring to age-associated intimal-medial thickening as "s  

 

risk factors with the age-altered vascular substrate is clearly exemplified by the reduce
threshold for or accelerated development of experimental atherosclerosis in older anima
subjected to an atherogenic diet.  This entire description, scarily, sounds analogous to 
the situation involving EMODs and disease causation. 
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“Poor selection of terminology” could be the mantra of redox biochemistry.  I
already discussed this aspect man

 have 
y times.  Frequently repeated and false 

impressions and embellished inaccuracies have led to the acceptance of flawed 
ve 

 
 the 

which are themselves secreted by 
the activated SMC (Cheng L, Mantile G, Pauly R, et al. Adenovirus-mediated gene 

. Carbon monoxide may contribute to 
 atherosclerotic lesions by altering tissue oxygen delivery through a shift 
oglobin dissociation curve to the left and changing levels of 2,3, DPG  

n 

 
dels 

 
y 

 

theories and disproven hypotheses.  Yet, the inaccuracies and the theories, relati
to oxygen free radicals, seem to live on and they are now, more than ever, 
erroneously referred to in the scientific literature as proven fact.   

The dissolution or hyperpermeability of the basement membrane that enables the
transmigration of circulating stem cells or SMCs from the media may result from
action of elastases and gelatinases (such as MMP-2),  

transfer of the human tissue inhibitor of metalloproteinase-2 blocks vascular smooth 
muscle cell invasiveness in vitro and modulates neointimal development in vivo. 
Circulation. 1998; 98: 2195–2201). 

Histologically the light microscopic appearance of the aortic walls was not different 
between the groups. This finding is consistent with previous studies demonstrating only 
electron microscopic changes in endothelial cell morphology in the artery wall of 
medium- and large - sized arteries with cigarette smoking.  Light microscopic 
changes of arteriolar thickening have been noted by some investigators suggesting 
cigarette smoking has more effect on small arteries and may change the vasa 
vasorum decreasing arterial wall oxygen delivery.  

Cigarette smoking has been associated with the development of atherosclerosis in both 
epidemiological studies and animal models.  The cause of atherosclerosis associated 
with cigarette smoking is unknown.  Several factors have been implicated including 
elevated levels of nicotine and carbon monoxide
the formation of
of the oxy - hem
(Astrup P. Intraerythrocytic 2,3-diphosphoglycerate and carbon monoxide exposure. An
NY Acad Sci 1970;174: 252).  Human studies have shown that cigarette 
smoking decreases tissue oxygen supply (Lucas A, Agache P, Risold JC, Cuenot 
C. Variation of TCO2 as a function of tobacco consumption in the healthy subject. J 
Malad Vasc 1989;14(4):363-364) (Sagone AL Jr, Lawrence T, Balcerzak SP. Effect of
cigarette smoking on tissue oxygen supply. Blood 1973;41(6):845-851).  Animal mo
suggest that cigarette smoking alters endothelial cell structure similar to that found
in models of systemic hypoxia and increases endothelial cell permeability to man
substances including cholesterol.  

7.1.8 Hypoxia 

Hypoxia has been suggested as a contributing factor for atherosclerosis (Boxen I.
Mechanisms of atherogenesis: Endothelial hypoxia proposed as the major initiator. Med 
Hypotheses 1985;18:297-311) (Gainer JL. Hypoxia and atherosclerosis: Re-evaluation of 
an old hypothesis. Atherosclerosis 1987;68:263-266).  Systemic hypoxia (Kjeldsen K, 
Wanstrup J, Astrup P. Enhancing influence of arterial hypoxia on the development of 
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atheromatosis in cholesterol-fed rabbits. J Atheroscler Res 1968;8:835-845) caus
progression of atherosclerosis while systemic hyperoxia (Vesselinovitch D, Wissler
RW, Fisher-Dzoga K, Hughes R, Dubien L. Regression of atherosclerosis in rabbits. 
Atherosclerosis 1974;19:259-275) has been shown to cause the regression of 
atherosclerotic lesions.  The presence of an atherosclerotic lesion decreases the 
delivery of oxygen to the artery wall (Heughan C, Niinikoski J, Hunt TK. Oxygen 
tensions in lesions of experimental atherosclerosis of rabbits. Atherosclerosis 
1973;17:361-367). Other risk factors for atherosclerosis (diabetes, hypertension, 
aging, and arterial bifurcation, have been shown to decrease the delivery of 
to the artery wall prior to the development of atherosclerotic lesions. Hypoxia alte
the function of endothelial cells (decreased replication rates, increased production of 
TGF beta (Santilli SM, Fiegel VD, Aldridge DE, 

es 
 

oxygen 
rs 

Knighton DR. Aortic endothelial cell 
hypoxia induces the secretion of transforming growth factor beta and augments 

ce. Ann Vasc Surg 1991;5(5):429-438) and PDGF (Bounelis P, 
Miller DM. Hypoxia stimulates platelet-derived growth factor gene expression by 

scle 
poxia 

 in 

7.1.9 Conclusions 

es the 

 
ent. 

osure as well as a persistent decrease 
in artery wall oxygen content 24 hours after the last cigarette smoke exposure while 

 controls. These 
ndings suggest that cigarette smoke exposure results in both repetitive acute and 

tive tissue hypoxia. Artery wall hypoxia may contribute 

rease in diseases, such as cancer and 
atherosclerosis, which are so frequently seen in smokers.  The effects of hypoxia are 

f 

macrophage adheren

pulmonary artery endothelial cells (abstract). Clin Res 1988;36:503A), smooth mu
cells replication and production of collagen (Stavenow L, Berg AL. Effects of hy
and other injurious stimuli on collagen secretion and extracellular growth stimulating 
activity of bovine smooth muscle cells in culture. Artery 1989;21:198-207) , and 
macrophages ( increased production of angiogenesis factor (Knighton DR, Hunt TK, 
Scheuenstuhl H, Halliday BJ, Werb Z, Benda MJ. Oxygen tension regulates the 
expression of angiogenesis factor by macrophages. Science 1983;221:1283-1285) in a 
manner consistent with the development of atherosclerotic lesions. The role of hypoxia
atherosclerosis is an area of active investigation.  

This study suggests that cigarette smoking repetitively and rapidly decreas
delivery of oxygen to the artery wall. Cigarette smoking acutely decreases the 
delivery of oxygen to the artery wall during each exposure to cigarette smoke and
this effect occurs with a corresponding decrease in arterial blood oxygen cont
This effect is noted in chronic cigarette smoke exp

simultaneously measured arterial blood oxygen levels are the same as
fi
persistent chronic levels of rela
to the aggressive atherosclerosis seen with cigarette smoking. 

I feel that this study is extremely important in that it clearly demonstrates the fact that 
hypoxia is a major component of the inc

consistent with my UTOPIA theory of disease causation.  The decreased levels o
ground state oxygen lead to deficiency states of EMODs, which “allows” the 
development of neoplasia and atheromatosis.  

7.2 Hypoxia and Oxygen Sensing in Health and Disease 
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Some of the following material was excerpted, abstracted or modified from the following 

tion, and disease.  Genes 
2004). 

Cellular ability to sense and respond to changes in oxygen levels is essential for the 

olved 

  

Schumacker proposed that  release from the 

mitochondria is mediated by protein-bound redox centers such as succinate-coenzyme Q 
Ds 

ites 

ted 
ed 

D 

 
d).  

s trigger signaling pathways. Evidence in support of this 
 

uced cysteine. 
Inhibition of EMODs under hypoxia inhibits some transcriptional responses to 

tion 

article: Amato J. Giaccia, M. Celeste Simon and Randall Johnson. The biology of 
hypoxia: the role of oxygen sensing in development, normal func
& Development  18:2183-2194, 
 

survival of prokaryotic and eukaryotic organisms. Oxygen-sensing mechanisms have 
been developed to maintain cell and tissue homeostasis, as well as to adapt to the 
chronic low-oxygen conditions found in diseases such as cancer.  Mammals have ev
a sophisticated physiological network to maintain oxygen homeostasis at the tissue level 
that involves the capture, binding, transport, and delivery of molecular oxygen. 
 
The current candidates for oxygen sensors include:  
-the prolyl hydroxylase family of enzymes that require molecular oxygen for activity
-the NAD(P)H oxidase family of enzymes that reduce EMODs  
-oxygen sensitive ion channels  
-and the electron transport chain. 

hypoxia paradoxically stimulates EMODs 
mitochondria that can subsequently regulate the transcriptional and posttranslational 

response to low-oxygen conditions (Schumacker, P.T. 2003. Current paradigms in 
cellular oxygen sensing. Adv. Exp. Med. Biol. 543: 57-71). Electron transport in the 

reductase (complex II) and Coenzyme Q-cytochrome c reductase (complex III). EMO
production in the mitochondria occurs primarily within complex III, although other s
such as complex II may also generate EMODs. In the generation of ubiquinol from 
ubiquinone in the mitochondria, a free radical (ubisemiquinone) is normally genera
during the electron-transport process. This radical can potentially donate its unpair
electron to O2, thereby generating superoxide. During hypoxia, the process of EMO
generation from that site can be amplified.  

In contrast, when mitochondrial electron transport is inhibited at a more proximal site 
by inhibitors such as rotenone, DPI, or myxothiazol, the ubiquinone pool becomes fully
oxidized and EMODs generation at complex III is abrogated (annulled or nullifie

According to this model, the EMODs production at complex III increases during 
hypoxia, and these oxidant
model includes the observations that oxidant stress increases under hypoxia as 
determined by oxidation of fluorescent probes, decreases reduced glutathione pools, 
increases radicals detected by ESR spectroscopy, and decreases red

hypoxia. In addition, treatment of cells with oxidants under normoxic conditions 
induces a hypoxic response. Chandel suggested that RONS play a more important role 
at hypoxic oxygen tensions than at severe anoxic oxygen tensions in protein stabiliza
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and gene regulation 

poxic but not anoxic stabilization of HIF-1a requires mitochondrial reactive 
oxygen species. Am. J. Physiol. Lung Cell. Mol. Physiol. 283: L922-L931). There is the 

 

nstrated that 

(Schroedl, C., McClintock, D.S., Budinger, G.R., and Chandel, N.S. 
2002. Hy

possibility that there may be different oxygen sensors that depend on the level of oxygen 
(e.g., hypoxia vs. anoxia).  

The mammalian target of rapamycin (mTOR) may act as an oxygen sensor and directly 
link decreased oxygen levels with inhibition of protein translation. 

The activation of endoplasmic reticulum kinase (PERK) suggests that another way a cell
senses changes in oxygen is through endoplasmic reticulum stress.  Gregg Semenza 
(Johns Hopkins School of Medicine) showed that a recent gene expression analysis 
demo 200 genes were induced by HIF and another 250 genes repressed 
by HIF. 

he DA is 
 mechanism in the smooth muscle of the 

DA (Archer, S.L., Wu, X.C., Thebaud, B., Moudgil, R., Hashimoto, K., and Michelakis, 

 muscle 

 

de 

m, consist 
tic 

ensional structures are 
not well understood.  Pregnant HIF-2

 

 

 
Archer suggests that the rapid response to physiological hypoxia in the ductus arteriosus 
(DA) is mediated by a sensing unit that is evolutionarily conserved. Closure of t
signaled by an oxygen-sensitive vasoconstrictor

E.D. 2004. O2 sensing in the human ductus arteriosus: Redox-sensitive K+ channels are 
regulated by mitochondria-derived hydrogen peroxide. Biol. Chem. 385: 205-216). He 
proposed that the rapid, vascular oxygen-dependent response is mediated by the oxygen-
dependent release of a redox mediator such as H2O2 by the mitochondria. The release of 
H2O2 then alters vascular tone by activating K+ channels in vascular smooth
cells. 

Putative oxygen sensors in the carotid body may work synergistically like a 
"chemosome", depending on the severity and duration of hypoxic exposure.  Superoxi
radicals play an important role in carotid body sensing of hypoxia, but not 
necessarily through potassium channel activity. 
 
Many organs, including the mammalian lung and the cardiovascular syste
of branched tubular networks that transport essential gases or fluids; but, the gene
programs that control the development of these complex three-dim  

-deficient mice treated with MnTBAP exhibited  

decreased embryonic lethality. Future studies will be needed to understand the 
unexpected role of superoxide in HIF-2 -deficient mice. 
 
One of the first hypoxia and HIF-regulated genes identified was the EPO ge
Whereas increased hematocrit is associated

ne. 
 with hypertension and thromboembolism, 

individuals who live at high altitudes compensate for increased erythrocyte levels.  
The seminiferous tubules of the testes are poorly vascularized and are under low-
oxygen tension.  Other studies demonstrate the importance of regulated HIF-1 expression 
in cardiac myocytes under normoxic conditions.  HIF plays multiple roles in 
chondrocyte development by providing growth arrest and survival signals that allow 
chondroblasts to adapt and differentiate in a hypoxic environment. 
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Hypoxia stimulates vasoconstriction and vessel-wall remodeling of the pulmonary 
vasculature; these changes are contributors to pulmonary hypertension. Hypoxia 
increases the proliferative response of vascular smooth muscle cells to mitogens
prolongs

, and 
 by increasing telomerase activity (Minamino, T. and 

Kourembanas, S. 2001. Mechanisms of telomerase induction during vascular smooth 
y 
 

 their lifespan

muscle cell proliferation. Circ. Res. 89: 237-243). Hypoxia also induces inflammator
cell infiltration in the lung, in part through the transcriptional induction of macrophage
inflammatory protein by NF- B. Lung adaptation to hypoxia is through the induction 
of the heme oxygenase gene (HO-1), whose product generates the antioxidant 
bilirubin and the vasodilator carbon monoxide (Minamino, T., Christou, H., Hsieh, 
C.M., Liu, Y., Dhawan, V., Abraham, N.G., Perrella, M.A., Mitsialis, S.A., and 

 98: 

as 

Kourembanas, S. 2001. Targeted expression of heme oxygenase-1 prevents the 
pulmonary inflammatory and vascular responses to hypoxia. Proc. Natl. Acad. Sci.
8798-8803). Kourembanas' studies showed that cell lines and mice genetically modified 

to produce HO-1 demonstrated reduced proliferation and inflammation when 
challenged by hypoxia. 
 
Mammalian lenses are avascular throughout most of life, but continue to grow in a 
hypoxic environment, indicating that they have adapted to a low-oxygen environment.  
HIF-1 seems to play an important role in lens development and adaptation to hypoxia, 
HIF-1 -deficient lens showed severe disruption of epithelia  l and fiber cell morphology 
nd degenerated postnatally. 

In mice with loss of one HIF-2

a
 

 allele, hypoxia-induced expression of endothelin-1 and 

-
norepinephrine is significantly reduced, and these mice fail to develop pulmonary 
hypertension after four weeks of exposure to 10% oxygen. In mice with loss of one HIF
1  allele, the carotid body is unable to properly signal a response to reduced oxygen 
conditions. In mice with loss of one HIF-1  allele, intermittent hypoxia does not indu  ce

 
 provides 

t 
ry. 

are highly
aggressive.  Hypoxia-targeted therapies such as clostridia or TPZ act to kill hypoxic 

onditions is 
lectively 

EPO production or cardiac protection when compared with wild-type mice with two
functioning HIF alleles. Investigators also presented experimental data that EPO
potent protection against ischemia-reperfusion injury in the heart. These results further 
support an important, but yet complex role for HIF in maintaining normal tissue 
homeostasis in response to changing oxygen conditions. 
 
7.2.1 Hypoxic Activation of tirapazamine (TZP) 
 
A major question regarding HIF is its role in oncogenesis.  Over the last decade, 
numerous preclinical and clinical studies have indicated that hypoxia is an importan
indicator of therapeutic response to radiotherapy, chemotherapy, and even surge
It decreases the effectiveness of radiation that requires free radicals to kill cells, 
makes them refractory to killing by chemotherapy agents that require rapidly 
proliferating cells to be effective, and selects for tumor cells that  

cells in a nonselective manner.  A drug that is activated under hypoxic c
Tirapazamine (TPZ). TPZ potentiates the antitumor effect of radiation by se
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killing the radiation-resistant hypoxic cells in tumors. It also enhances killing of hypoxic
tumor cells treated with cisplatin.

 

PZ that can be administered during
chemoradiation is limited by the side effects of neutropenia. Thus, whereas the concept 

ic 

ting enzyme in areas of the 
mor that have hypoxic tumor cells and far from blood vessels. 

 of HIF-1 signaling during tumor 
oxygenation/irradiation treatment.  Surprisingly, it is radiation-induced 

e 

t 
ease states, including cancer.  A variety of 

tracellular organelles have also been implicated in oxygen sensing, such as ion 
channels, mitochondria, and the endoplasmic reticulum. 
 
 
7.2.2    21.0 Cancer Undefeated 
 
An aging population has fueled a rise in cancer and contributed to a doubling in breast 
and lung cancer cases in the past 30 years, researchers said on 4/28/05.  But rates of 
stomach and cervical cancer have fallen thanks to improved hygiene and screening 
programs.  “Cancer is increasing rapidly and this due mainly to the changing 
demographics of the world population,” Lucy Boyd, of the charity Cancer Research UK 
which compiled the report, told Reuters.   

s 

ses 
 
  

erica and Southeast Asia where 
e number of smokers has raised lung cancer cases are expected to increase over the next 

 
 

 Whereas a Phase-III study with cisplatin-based 
chemoradiotherapy is now underway, the dose of T  

has been demonstrated to work, new hypoxia-activated prodrugs are needed. Martin 
Brown also discussed clostridial-dependent enzyme prodrug therapy (CDEPT). This 
approach relies on the spore form of clostridia germinating in the hypoxic/necrot
regions of solid tumors and releasing the prodrug-activa  

 tu
 
Mark Dewhirst presented the paradox
re
reoxygenation of tumors that results in EMODs that induces HIF-1. Whether these 
reactive oxygen species differ from those generated by the mitochondria still needs to b
determined, as well as their mechanisms of action. 
 
Hypoxia-inducible responses are highly regulated in normal embryonic developmen
and are dysregulated in a number of dis  

 in

 
As people get older they are more likely to develop cancer.  The rise in breast cancer 
cases, from half a million in 1975 to more than 1.1 million cases worldwide is due to 
women living longer and a growing world population.  The scientists analyzed statistic
from the International Agency for Research on Cancer (IARC) database and 
compared incidence and death rates in different regions of the world.  They predict ca
of lung cancer, the biggest cancer killer, will soar in developing countries in coming
decades.  Lung cancer rates tend to rise decades after the number of smoker has peaked.
In areas of the world such as eastern Africa, Central Am
th
20 years.  The developed world has historically had high rates of cancer but smoking 
and changes in diet are expected to push up rates of cancer in poorer countries.   
 
Each year 10.9 million people worldwide are diagnosed with cancer and 6.7 million die 
from the disease.  About 12 percent of deaths worldwide are due to cancer, according
to the report.  Male cancer rates are the highest in the United States, Hungary and
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New Zealand and are lowest in Niger, Gambia and the Congo.  The United States also 
has the highest rate of female cancers along with Israel and New Zealand.  Thus, I 
have to ask, “Could the high rates of cancer in both men and women in the US be 

lso be 
associated with the epidemic of fatigue in the US?” 

ch, 

said.  
hese figures show a persistent increase in the number of people in the world being 

n, 

g 
f 

da statistics. Simply 
ut, more Canadians die from cancer at an earlier age than from any other cause. 

 over-

ugh 
ry 

 
e 

omes, schools, hospitals 
and workplaces — including indoor and outdoor pesticides, cleaning solvents, radon 

paign is its main source of funding, which 
includes several pharmaceutical companies.  These companies not only profit 

have dark sides as 
polluters, with histories woeful enough to earn places on top 10 lists of the world's worst 

ter 

due to over-dosage of antioxidants?  Could the over-dosage of antioxidants a

 
By contrast, Tunisia, Gambia and Oman have the lowest.  Lung, breast, bowel, stoma
prostate, cervical and esophageal are the most commonly diagnosed cancers.  Lung, 
stomach and liver are the biggest killers.  Professor John Toy, the medical director of the 
charity, said cancer is still mainly a disease of the developed world.  “Only four percent 
of deaths in Africa are due to cancer, compared to 19 percent in Europe,” he 
T
diagnosed with cancer.  I believe that until we know the mechanisms of cancer causatio
we will remain helpless in combating its advances. 

Toronto Star 4-2-05:  By Anne Rochon and Liz Armstrong reported as follows: 

The anticancer campaign rightly argues that the death rate from cancer in Canada 
could be cut by half. In a country where rates of cancer are at epidemic levels, this 
should be more than enough impetus for urgent action.  Canada's cancer rates are amon
the worst in the world and this tragic disease is the number one cause of potential years o
life lost in Canada, according to National Cancer Institute of Cana
p
 
More funding and action are needed on cancers linked to smoking, obesity, and
exposure to sunlight, as the campaign states.  Such hazards include synthetic 
carcinogens, hormone disruptors and radionuclides that make their way thro
the environment, and become an unwanted "body burden" of toxic substances.  Eve
Canadian carries such a burden, from the moment of conception throughout life. 
With more and more evidence that some cancers begin in utero, this ought to be at the
top of the cancer prevention agenda at every level of government.  There also needs to b
more focus on reducing or eliminating cancer hazards in our h

gas, unnecessary X-rays and even some pharmaceutical drugs.  
 
An additional concern about the new cam

handsomely from cancer treatments, but some of their drugs are linked to higher 
cancer incidence — frequent use of antibiotics, several anti-depressants and 
cholesterol lowering "statins" are among the most recent suspects.  Even more 
alarming, companies like Glaxo- SmithKline and AstraZeneca, also 

corporations. They contribute to our toxic body burden by polluting our air, wa
and soil with poisonous chemicals, including carcinogens. 
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There is both a real and perceived conflict of interest present when the funders will not 
only profit financially from the success of this campaign but degrade our environment 

in this campaign 
is problematic. We applaud any efforts to bring more attention to the growing incidences 

d 

Melanoma, the most serious and potentially deadly form of skin cancer, was until 
 

l 

 who has specialized in 
melanoma for 30 years, saw his first pediatric case five years ago. Since then, Johns 

 

 

or 

to the cancer institute. The American Cancer Society estimates that this 
year about 60,000 U.S. adults will be diagnosed with melanoma and that 7,700 will die 

igment 
 

ion of Pediatrics, 2005, found 
that melanoma lesions in children sometimes look different from those in adults and may 

ery dark brown mole, 
or one with irregular borders. But half the Italian children studied had lighter-colored 

and threaten our health at the same time.  

Drug companies, like most corporations, do not profit from prevention, and since 
they or their subsidiaries produce an array of toxic chemicals, their role 

of cancer and the need to alleviate the pain and suffering it causes.  

But we also believe the campaign must go much farther: In order to end the cancer 
epidemic, the whole picture is needed, and dubious funding sources only serve to clou
our ability to take action based on this whole picture. 

7.2.3 Melanoma in Children 

recently almost unheard of in children. Pediatric melanoma is still uncommon in children,
affecting only 7 per million, or about 500, according to 2002 statistics from the Nationa
Cancer Institute. But that number has risen from 3 per million in 1982. 

Dr. Charles Balch of the American Society of Clinical Oncology,

Hopkins Hospital, where he works, has treated about 20 youngsters, the youngest just 8 
years old. Dr. Anthony Mancini, dermatology chief at Children's Memorial Hospital in 
Chicago, said he and his colleagues have treated eight cases in the past nine years, about
double the number seen in the previous two decades. Recent studies also report 
increases in England, Sweden and Australia. "There's an appropriate level of alarm 
here," Mancini said. "Clearly it's happening and it's deadly, and it's missed." 

Balch said reasons for the increase are uncertain. Some doctors think it might be from
depletion of the ozone layer, which protects the Earth from some of the sun's damaging 
ultraviolet radiation. Others attribute it to excessive sun exposure and blistering 
sunburns in early childhood, though some experts had thought it took much longer f
skin damage from repeated sun exposure to develop into cancer. 

Melanoma prevalence has risen in adults, too — more than doubling in the past 30 
years, according 

from it. Melanoma develops in skin cells called melanocytes, which produce the p
that colors the skin's surface and protects deeper layers from sun damage. It is much more
invasive and likely to spread to other parts of the body than other skin cancers 

Research from Italian doctors published in the March edit

be misdiagnosed. In adults, melanoma often looks like a black or v
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lesions, and most had well-defined borders. Also unlike adults, most children with 
melanoma have no family history of the disease, and they may lack other risk factors
including moles present since birth, Balch said. Other risk factors are fair skin, red h
and green eyes.  

 
air 

Mancini, says the traditional A-B-C-D signs of melanoma — asymmetry, border 
 

that 

ds of children who survive cancer develop other chronic health problems, 
such as heart disease and blindness, because of radiation and the treatments that saved 

cing. 
 

al 

cer treatments have vastly improved in recent 
years. Survival is at an all-time high. More than 3 out of 4 children are cured of 

cal 

the country studied 
10,397 of them who were diagnosed and treated between 1970 and 1986 and 3,034 of 

s health 

r 
niversity of Texas 

Southwestern Medical Center in Dallas. Radiation is responsible for much of the 

er 

revent them, said Dr. David Johnson, a 

irregularities, colors of mixed black and brown, and diameters larger than a pencil eraser
— sometimes occur in children. But a child's lesion also can be smaller and pinkish. 
Mancini recommends the "ugly duckling" detection method — watching for a mole 
looks completely different from the child's other moles.  

7.2.4 Major Chronic Problems in Pediatric Cancer Survivors 

Two-thir

their lives, according to new research. The research shows the tremendous medical, 
financial and emotional burdens that those treated in the 1970s and 1980s are now fa
One study found that 1 in 10 survivors are saddled with $25,000 in cancer-related debt.

"We've concentrated so much on our 5- and 10-year survival that we haven't paid 
attention to the impact of our treatments," said Dr. Len Lichtenfeld, deputy medic
director of the American Cancer Society. Today's patients shouldn't suffer as many 
problems, specialists say, because can

cancer today, up from 58 percent in 1975. "But the individuals cured currently pay a 
large and unacceptable price for that," said Dr. Harmon Eyre, the cancer society's medi
director. 

Nearly 10 million Americans have survived cancer, including 270,000 who were 
diagnosed when they were 15 or younger. Researchers across 

their siblings who did not have cancer. By age 45, cancer survivors were from two to 
six times more likely than their healthy brothers and sisters to develop variou
problems. Examples include heart disease, kidney problems requiring transplants or 
dialysis, blindness, infertility, mental retardation, paralysis, blood clots, lung problems 
and even another cancer. 

Those who had Hodgkin’s disease had fared the worst, followed by those treated fo
brain tumors, said the lead researcher, Dr. Kevin Oeffinger of the U

damage because doses were much higher decades ago than they are today, he said. 
Chemotherapy drugs also have taken a toll. Some, like the widely used breast canc
medication adriamycin, are known to cause heart problems. 

Less toxic drugs are needed, and cancer survivors and their doctors need to watch more 
carefully for health problems and try to p
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Vanderbilt-Ingram Cancer Center doctor who is president of the American Society of 
Clinical Oncology. "We want to make primary care physicians aware of these problems 

ma 

The research was based on an Internet survey of more than 1,000 randomly selected 
 least once a 

orted 

ety Report 

 

atly to the risk of death from cancer, including breast and 

hat 
t 

Some of the following materials were excerpted, abstracted or modified from the 

l 

ion 

se (SOD), are common by-products of normal oxidative metabolism, and 
llegedly potentially highly cytotoxic as attested by the very efficient oxidant defense 

y 
 sure 

ericidal 
ox 

as well as patients," said Johnson, himself a cancer survivor, diagnosed with lympho
15 years ago. A study, funded by the Lance Armstrong Foundation, found that half of 
survivors said their financial and emotional issues were harder to face than the 
physical issues, and that these needs weren't met by their doctors. 

cancer survivors. Nearly half of them said they still talk about cancer at
onth and that their lives are affected by it "more than a little." More than half repm

having to deal with chronic pain and depression. As cancer doctors, said Johnson, 
"We are very well equipped to deal with their physical needs. We aren't so well-equipped 
to deal with their psychological needs."  

.25 American Cancer Soci7
 
On 3/05/05, the ACS stated that about half of cancer deaths in the US could be
prevented.  They say that about 30% of deaths are caused by tobacco use and 87% of 
lung cancer deaths are a result of smoking. About 35% of adults are overweight and 30% 
re obese, which adds grea

prostatic cancers. 
 
7.2.6     22 NADPH Oxidase, Superoxide Anion and H2O2 
 
The NADPH oxidase of phagocytes and nonphagocytic cells is a Rac GTPase system t
generates reactive oxygen species (EMODs) for the purposes of innate immunity (Hos
defense), transformation and intracellular signaling (J Biol Chem., Vol. 279, Issue 27, 
28136-28142, July 2, 2004)  
 

following paper:  Lassegue, B. and Clempus, R.E.  Vascular NAD(P)H oxidases:  
specific features, expression, and regulation.  Am J Physiol Regul Integr Comp Physio
285:  R277-R297, 2003. 
 
7.2.7 Vascular NAD(P)H Oxidases:  Specific features, expression and regulat
 
Both superoxide and hydrogen peroxide, its metabolite generated by superoxide 
dismuta
a
mechanisms present in cells, such as catalase and peroxidases, and large reserves of 
reducing equivalents, chiefly in the form of glutathione.  (RMH Note: this is the part
line).  This would indicate that the cell exists in a reducing state and I am not
that I agree with this position. 
 
This multimeric enzyme is the source of EMODs essential to the phagocyte bact
activity. Four oxidase subunits: gp91phox, p22phox, p47phox, and p67phox (ph
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stands for phagocyte oxidase) are required for activity, because mutations in any one 
of them can cause chronic granulomatous disease, an immune deficiency resulting 

om impaired phagocyte function.  Once activated, phagocytes produce large 
e 

 

ression of Nox3, Nox4, 
nd Nox5. Gene 269:  131-140, 2001).  It is worth noting that the overall oxidase 

ple homologues it 
xpresses. Therefore, the term “vascular oxidase” refers to the set of oxidases 

1-10% of that in leukocytes (Hohler, B.; Holzapfel, B., and KummerW.  NADPH 
oxidase submits and superoxide production in porcine pulmonary artery endothelial cells.  
Histochem Cell Biol  2000; 114: 29-37) (Rueckschloss, U. Galle, J., Zerkowski H. R. and 
Morawietz, H.  Induction of NAD(P)H oxidase by oxidized low-density lipoprotein in 
human endothelial cells: antioxidative potential of hydroxymethylglutaryl coenzyme A 
reductase inhibitor therapy. Circulation  2001; 104: 1767-1772), as confirmed recently 
using highly specific electron spin resonance (ESR) methods. 
 

itial rates of superoxide production in whole cells: 
 
   VSMC  HUVEC Macrophages  Neutrophils 
Basal   14  19  20   50 
Stimulated  31  40  200   25,000 
Reference  44*  199  45   225 
 

 

) 
ein 

 PMA for 20 min; in human neutrophils exposed to 200 

 also be markedly upregulated in the hours after exposure to 

fr
quantities of superoxide, on the order of 10 nmol.min-1.106 neuutrophils-1 during th
oxidative burst (Babior, B.M., NADPH oxidase: an update. Blood  1999; 93: 1464-
1476).  
 
It was also discovered that the catalytic subunit gp91phox is only one member of a new
family of homologous proteins termed nox (for NADPH oxidase) and that most cells 
express multiple nox proteins (Cheng, G., Cao, Z., Xu, X., van Meir, E. G. and 
Lambeth, J. D., Homologs of gp91phox: cloning and tissue exp
a
activity of any cell is the sum of the activities of the multi
e
expressed in vascular cells at any given time, regardless of their molecular identities.  
Specific properties set these enzymes apart from the phagocyte prototype. 
 
Low activity.  The rate of superoxide production in vascular cells is thought to be  
~

In

Data are expressed as nM.min-1.mg protein-1. *Extracellular superoxide was measured
in this experiment. ESR, electron spin resonance.  Superoxide dismutase (SOD)-
inhibitable superoxide formation was measured in vascular smooth muscle cells (VSMC
from porcine aorta exposed to 0.1 mM nitroglycerine for 24 h; in human umbilical v
endothelial cells (HUVEC) exposed to 20 ng/ml VEGF for 30 min; in RAW2264.7 
macrophages exposed to 100 nM
nM PMA for 10 min. 
 

Inducible activity.   Although the vascular enzyme is activated within minutes of 
stimulation, its activity can
agonists.  Thus, the rate of superoxide production was increased two- to threefold in 
VSMF exposed for 4-8h to ANG II. 
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Intracellular hydrogen peroxide is also frequently visualized using fluorescent dyes 
such as dichlorofluorescein.  It should be noted here that the proposed topology of th
nox subunits implies that superoxide is not released in the cytosol but rather insid
vesicles, which may serve to confine this deleterious molecule.  I believe that it is 
advantageous to release superoxide anions in the cytosol, where it can manifest its
oxidative protective potential. 

In contrast to the cytotoxic amounts of superoxide generated by phagocyt
nonphagocytic cells produce low amounts of EMODs that stimulate nume
transcription factors as well as signaling cascades via activation of kinases and inhibition 
of tyrosine phosphatases.  

It should be noted here that in physiological conditions, the intracellular production of 
EMODs does not alter the 

e 
e 

 

es, most 
rous 

redox state of cells which have large reserves of reducing 
se 

second messengers by limiting their effecting time and space in a manner similar to 

n despite the fact that 
transition from a differentiated to a proliferating phenotype is marked by a shift toward a 

 
s, 

DPH 
exclusively as an electron donor, there have been many reports of possible NADH 

Agents that stimulate oxidase activity in VSMC and endothelial cells, such as thrombin, 
ANG II, or depolarization, increased Rac expression, its GT-Phase activity, and 
translocation from the cytoplasmic to the membrane fraction. In vivo administration of 
statins also decreased vascular EMODs production and Rac1 translocation to the 
membrane (Wassmann, S. Laufs U., Muller, K., Konko, C., Ahlbory, K., Baumer, A. T., 
Linz, W., Bohm, M., and Nickenig, G.  Cellular antioxidant effects of atorvastatin in vitro 

C from resistance 
arteries.  In contrast, in the VSMC of large arteries, p67phox is low or absent and nox1 

agents, notably reduced glutathione, as well as extremely effective antioxidant defen
mechanisms, such as SOD, catalase, and peroxidases.  This reducing intracellular 
environment actually allows agonist-induced increases in EMODs to function as 

other well-known intracellular signals, such as calcium ion.  Thus, because of their 
confinement, it is possible for EMODs to promote cell proliferatio

more reduced overall cellular state (Schafer, F. Q. and Buettner, G. R. Redox 
environment of the cell as viewed through the redox state of the glutathione 
disulfide/glutathione couple.  Free  Radic Biol Med  2001; 30: 1191-1212). Therefore, in
physiological conditions, EMODs production is not accompanied by oxidative stres
but rather provides a means of finely regulating signaling in vascular cells.  This is a 
very important view. 

Substrate specificity.   In contrast to the phagocyte oxidase, which uses NA

consumption by the vascular oxidase, which was thus called an NAD(P)H oxidase.   

It is now clear that vascular enzymes constitutively produce low amounts of superoxide 
intracellularly and are also activated and upregulated by agonists. 

and in vivo. Arterioscler Thromb Vasc Biol 22: 300-305, 2002).  Rac is an important 
activator of the vascular NAD(P)H oxidase of VSMC and endothelial cells. 

All the major subunits of the phagocytic NADPH oxidase, including gp91phox, appear to 
be expressed in endothelial and adventitial cells, as well as in VSM
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appears to substitute for gp91phox.  The nox4 homologue appears to be expressed in a
cell types. 

ll 

This inhibition of p22phox expression decreased ANG II-, TNF-α-, platelet-derived 
 and 

NG II upregulated the 
p47phox message.  The p47phhox protein was also upregulated in endothelial cells by 

mooth muscle cells. 

perlipidemic models of vascular lesions, such as 
grafting of a vein segment in the carotid artery, non-occlusive banding of rabbit aorta and 

t 
 in 

In diseased arteries, superoxide production was markedly increased throughout the 
essel wall and, notably, in the neointima. 

vidence suggests that “before” the development of disease, EMODs are constitutively 
generated in the adventitia and endothelium by a gp91phox-based enzyme that produces 
superoxide both intra- and extracellularly.  EMODs appear to be also generated in the 
VSMC of the media, mostly intracellularly, presumably by nox4, the most highly 
expressed subunit in this location. 

Because the phagocyte subunits have an essential role in immunity and are conserved in 
e vasculature, they may not be ideal candidates for therapy, at least in the early 

tion. (Lassegue, B. and 
E. s, expression and 

tein, almonds, and 
ereal fiber as well as plant sterols, which are tree based compounds used in cholesterol-

products-, thrombin-, and AA-induced superoxide and hydrogen peroxide production
signaling in VSMC.  Therefore, these studies showed that   p22phox is a required 
component of the smooth muscle NAD(P)H oxidase.  

In VSMC, thrombin increased superoxide and hydrogen peroxide formation and 
upregulated p47phox mRNA and protein.  In endothelial cells, A

PMA and down regulated by the ROS-decreasing PPAR activators.  These results suggest 
that p47phox is functional in endothelial and s

Overall, these results demonstrate a good correlation between EMODs production in 
vascular cells and expression of NAD(P)H oxidase subunits, suggesting that all cells in 
the vascular wall express one or more functional NAD(P)H oxidase(s). 

Another category comprises non-hy

balloon injury of rat aorta, carotid artery, or pig artery.  These acute injury models 
resemble atherosclerosis inasmuch as they induce intimal hyperplasia, but they are no
associated with nearly as much inflammation as chronic human atherosclerotic lesions
which leukocytes are an important source of NADPH oxidase.  

v

E

th
phase of vascular lesion formation in the absence of inflamma

lempus, R.   Vascular NAD(P)H Oxidases:  specific featureC
regulation.  Am J Physiol Regul Integr Comp Physiol  2003; 285: R277-R297). 

 
7.2.8     22.2   Statin Side Effects 
 
An article published in the American Journal of Clinical Nutrition in Jan. 2005, indicates 
that a diet rich in fiber and vegetables lowered cholesterol just as much as taking a 
statin drug.  David Jenkins of St. Michael’s Hospital and the University of Toronto and 
olleagues created what they called a diet “portfolio” high in soy proc

c
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lowering margarines, salad dressing and other products. 
 
7.3      25 The Immune System:  A Brief Primer  
 
Here is how the immune system basically works.  Any substance that triggers an 
immune response is an antigen, such as bacteria, viruses, fungi, worn-out and 
malignant cells, tissues or cells from another person.  White blood cells, phagocytes 
and lymphocytes (natural killer cells, T-cells, B-cells) destroy antigens.  Phagocytes 
ngulf antigens and destroy them oxidatively.  Lymphocytes work on specific antigens 

 for 
ade up of lymph tissues of the bone marrow, 

ymus, lymph nodes, spleen, tonsils, adenoids, and appendix.   

e, which 
une c lls.  O tem and 

y also 
se.  N tritio n the diet 

esponse.  Omega-6 fatty acids can suppress immune response and omega-3 fatty 

 Development    (immunosuppression, toxins, etc.)  

vidence for my observations, as they appear above, is now forthcoming.  A study in the 
at the body can maintain a balance between 

mor cell proliferation and cell death.  People who stay cancer-free may have a 

of 
t 

and 

e
(may release chemicals that destroy antigen or produce antibodies that mark cells
destruction).  The immune system is m
th
 
Malnutrition weakens the immune system, as does insufficient protein intak
can decrease the number of imm e besity affects the body’s defense sys
responses of T-cells and B-cells to antigens may be reduced.  Weight loss diets ma
cause this same immune respon u n and the type of fat consumed i
affects the immune system.  Total fat content and high fat diets impair the immune 
r
acids decrease inflammation and increase immune response to limit tissue damage.  
Malnutrition and weight loss is common in cancer patients. 
 
I view the relationship of zones of reactive oxygen species and excited states 
(excytomers) with cancer as follows: 
 
 Apoptosis of cancer cells              Highest levels of EMODs and EES 
       (PDT, Howes 1O2 System) 
 Abeyance of cancer cells   Normal levels of EMODs and EES 
       (homeostasis, healthy) 
 Allowance of cancer cell   Low levels of EMODs and EES 
 
 
E
journal Clinical Cancer Research shows th
tu
system for keeping a tumor under control.  Tumor cells found in the blood of breast 
cancer patients up to 20 years after surgery suggest that the body may have ways 
keeping a dormant cancer in check, “Dormancy is a mysterious phenomenon tha
occurs in certain types of cancer,” said Dr. Jonathon Uhr, of the University of Texas 
Southwestern Dallas.  I believe that levels of EMODs is the system which keeps these 
cancerous cells in abeyance and deficiency levels allows the cancer cells to manifest 
themselves.  Keep in mind that levels of EMODs can vary between organs and tissue 
within organs and tissues.  These levels are not uniform throughout the body or cells. 
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7.3.0    25.1.2 Thrombocytes (Platelets) 
 

ular diseases. 

d 
 

 
ved 

Regarding the mechanisms of methotrexate (MTX) hepatotoxicity and 
en put forward, among which oxidative 

. This investigation elucidates the 

ects. 

O, Yegen BC, 
n rats. J 
t 

 treatment 

toid 

Rheumatoid arthritis (RA) is characterized by migration of activated phagocytes 
and other leukocytes into synovial and periarticular tissue. Activated oxygen 
species and other mediating substances from triggered phagocytes appear to 
exacerbate and perpetuate the rheumatoid condition. Iron excesses are capable of 
aggravating the arthritic inflammation, probably through their pro-oxidant 
potentials. In contrast, therapeutically given gold salts, through a lysosomal 
loading of the metal, inhibit the triggered cells. Pharmacological doses of zinc also may 
immobilize macrophages. Furthermore, the copper-zinc-containing enzyme SOD 
(superoxide dismutase) can act as a scavenger of toxic oxygen in the tissues. 

Platelets play an important role in atherosclerotic and thromboembolic vasc
It has been reported that reactive oxygen species (EMODs) could modify platelet 
function, and platelets themselves have the ability to produce EMODs. Human 
platelets have the enzymatic activity of p22(phox)-based NADH/NADPH oxidase, an
this oxidase is likely one of the important sources of EMODs in platelets (Seno T. et al. 
Involvement of NADH/NADPH oxidase in human platelet ROS production. Thromb Res.
2001 Sep 1;103(5):399-409).  Attempts have been made to implicate platelet deri
EMODs in pulmonary smooth muscle cell proliferation and in diabetic hyperglycemic 
platelet aggregation. 
 
 
7.3.1 Arthritis, Methotrexate and Melatonin 
 

nephrotoxicity, several hypotheses have be
tress (including depletion of glutathione) is likelys

role of free radicals in MTX-induced toxicity and the protection by melatonin. MTX 
administration resulted in increased MDA levels and MPO activity and decreased 
GSH levels in the blood, liver, and kidney whereas melatonin reversed these eff
When melatonin was administered alone, no significant changes in biochemical 
parameters were noted. In conclusion, the present study suggests that melatonin may be 
of therapeutic benefit when used with MTX (Jahovic N, Cevik H, Sehirli A
Sener G. Melatonin prevents methotrexate-induced hepatorenal oxidative injury i
Pineal Res. 2003 May;34(4):282-7). I believe that this demonstrates prooxidan
activity for methotrexate and this is the factor which makes it effective in
of arthritis. 
 
7.3.2    25.4.2 Rheumatoid Arthritis (RA) 
 
A wide-ranging review paper summarized evidence that supplementation with zinc, 
copper, selenium, vitamin E and injection of the alleged antioxidant enzyme, 
superoxide dismutase into joints can all alleviate the symptoms of rheuma
arthritis.  I believe that the increase in the prooxidant state of the patient accounts 
for its ability to alleviate symptoms of arthritis. 
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Therapeutic remission of RA has been obtained following intraarticular 
administration of SOD. Please remember that SOD generates H2O2 very efficiently.  

Intramuscular administration of copper complexes has induced remission in about 60% of 
RA patients in open studies. Also, copper is an excellent prooxidant agent. Another 
drug, penicillamine, that protects cellular membranes against toxic oxygen in vitro, is 

nificant alleviation of articular pain and 
morning stiffness was obtained following selenium and vitamin E supplementation 

m: P Toivanen. 
Normal intestinal microbiota in the aetiopathogenesis of rheumatoid arthritis. Annals of 

 

 the 
ts. On 

ople developing rheumatoid 
arthritis harbors bacteria, degradation products of which can induce chronic arthritis. 

cteria are normally found within circulating blood cells, 
y occur also with the bacteria 

which have an arthritogenic ability, resulting in synovial inflammation. Depending on the 
persistence and other characteristics of the bacterial components, the inflammation is 
accompanied by production of cytokines, metalloproteinases, proteases, and 
prostag
rheuma ing to a self perpetuating bone 
erosion and cartilage loss, with pannus formation and osteoclast activation. At the final 
destruction stage, the inciting bacterial components are not necessarily present any longer 
in the synovial tissue. Peptidoglycan, a crucial component of the bacterial cell wall, and 

presumed to act as an antirheumatic via the SOD mimetic activity of its copper complex. 
Thiomalate and other thiols may possess similar activities. Selenium compounds also 
may act as oxygen radical scavengers. A sig

in a double-blind study on RA patients. The observations reviewed here indicate 
that metal compounds and other antioxidants can reduce the rheumatic 
inflammation by reducing the cellular production and/or concentration of toxic 
oxygen species (Aaseth J, Haugen M, Forre O. Rheumatoid arthritis and metal 
compounds--perspectives on the role of oxygen radical detoxification. Analyst 1998 
Jan;123(1):3-6). I believe that this data argues for the anti-arthritic effect of a 
prooxidant. 
 

Some of the following material was excerpted, abstracted or modified fro

the Rheumatic Diseases 2003;62:807-811  
 
The etiology of rheumatoid arthritis has remained completely unsolved despite the several
hypotheses presented. It has been suggested that both genetic and environmental 
factors are involved. Among the potential environmental factors a role for infection and 
microbes has been one of the most popular alternatives.  Among the gastrointestinal 
infections, those due to Yersinia, Salmonella, Shigella, and Campylobacter are
most common triggers of this disease, particularly in HLA-B27 positive subjec
the basis of early studies on reactive arthritis it became known that degradation 
products of gastrointestinal pathogens can be present in the synovial tissues, 
resulting in a local inflammation. Evidence has been presented that the composition of 
normal gastrointestinal microbiota can be affected by the host genotype.  
 
Toivanen proposes that the normal intestinal microbiota of pe  

 

Components of intestinal ba
and they end up in the synovial tissues. The same ma

 

landins. All these are known to play a part in the pathogenic process of 
toid arthritis, possible involvement of EMODs, lead  
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several 

factor, s. 
 
SUPPORTING EVIDENCE 
The hypothesis is based on four types of observations: 

• Degradation products of bacterial cell walls are normally found within circulating 
blood cells, and they may end up also in joint tissue  

• Cell walls of several bacterial species representing normal human intestinal 
microbiota are arthritogenic in animal experiments  

• Evidence has been presented that patients with early rheumatoid arthritis have 
intestinal microbiota which differs from that in the control patients studied  

• Considerable evidence also exists to indicate that the composition of 
gastrointestinal microbiota is genetically regulated.  

7.3.3 Monozygotic twins 

 
 

s 
its with 

 effect of genetic and environmental factors. The prevalence of 
heumatoid arthritis is remarkably similar world wide, with estimates varying 

ria, including aberrations in a few isolated areas. Variable occurrence of 
e arthritogenic bacteria explains the diversity of the clinical symptoms. In fact, many 

hritis is not a single disease. Even monozygotic twins and 
bling pairs concordant for rheumatoid arthritis show enormous diversity in the clinical 

ntibiotic era.  

other microbial structures are known to stimulate production of rheumatoid 
 which may be the first sign of the pathogenic proces

 
This hypothesis provides answers to a few unexplained findings in the aetiopathogenesis
of rheumatoid arthritis. Monozygotic twins show a concordance rate of only 15–30%,
which leaves considerable space not only for somatic diversification but also for 
environmental effects—that is, diverse intestinal colonization. On the other hand, the 
concordance rate increases with time from the day when the first twin develop
rheumatoid arthritis to about 40% during a 30 year follow up, which well f
the combined  

r
between 0.5 and 1.0%. However, a prevalence of 5% has been reported in American 
Indians and the disease is absent in areas of rural Nigeria.  
 
All these findings could be explained by the worldwide occurrence of a variety of 
intestinal bacte  

th
believe that rheumatoid art
si
appearance of the disease.  Risk factors for rheumatoid arthritis include coffee and 
smoking.  It is not difficult to imagine that they both might influence bacterial 
colonization. 
  
This hypothesis does not directly explain the greater female incidence of rheumatoid 
arthritis, but it is in line with the suggested influence of reproductive and hormonal 
factors. Finally, with the introduction of antibiotics, it has been reported that both the 
incidence and severity of rheumatoid arthritis have declined in comparison with the pre-

 a
 
7.3.4     25.6.2  Neutrophils 
 
Neutrophilia is associated with rapidly growing neoplasms.  I believe that this may 
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represent the body’s attempt to kill the cancer cells.  As we know, if the body could 
generate enough activated neutrophils, it could kill the cancer.  Chronic inflammation is 
linked to cancer, but I believe that it is only because the site needs more EMODs to 

d 
r. 

 

mmunosuppressive diseases or smokers, who have lowered or 
eficient levels of RONS/excytomers, have tendencies to acquire cancers in certain 

ma, rheumatoid arthritis, pregnancy, cancer, gout, leukemia, 
exercise, menstruation, stress, smoking, myocardial infarction or ischemia, vasculitis, 

 

bacterial infections in infants, thyrotoxicosis, autoimmune diseases, lymphoma with 
ring 

n 

  

linked to 
infectious agents, but they account for as much as 20% of all cancers in developing 

wever, most people with these infections never develop cancer (Poeschla 
EM, Buchschacher GL, Wong-Stall F. RNA viruses. In DeVita VT, Hellman S, 

 
. 

kill cancer cells, which are already present.  This is a natural response of the body to 
protect itself and to affect a self-cure (oxidative-cure).  Thus, when the body has 
detected the presence of neoplasia, it tries to fight it with its usual and only metho
available to it, by sending in PMNs and macrophages to the site to kill the cance
 
Different organs and tissues have differing levels of anti-oxidants and differing 
abilities to produce EMODs, and I believe that this is one of the major factors in
different rates of neoplasia and differing responses to treatment of cancers.  This is 
also why patients with i
d
organs or tissues.   
 
Leucocytosis ( leucocytosis>12x109/l) (Neutrophilia > 7.5x109/l) can be caused by the 
following:  infection, trau

myelofibrosis, polycythemia rubra vera, eclampsia, uremia/acidosis, steroids, acute
hemorrhage or hemolysis, rubella, pertussis, mumps, infectious mononucleosis, most 
viral diseases, hepatitis b & c, tuberculosis, brucellosis, syphilis, whooping cough, acute 

overspill, etc.  PMNs increase and decrease during different times of day and du
the digestion of food.   
 
7.3.5 Cancer and Infectious Disease 
 
Some of the following material was excerpted, abstracted or modified from the America
Cancer Society web site. 

Infectious diseases have been thought to play a role in cancer in animals since the 
beginning of the 20th century. Recently, infection with certain viruses, bacteria, and 
parasites in humans has been recognized as a risk factor for several types of cancer.

Overall, infections are linked to between 10-20% of cancers. In the US and other 
developed countries, it is thought that fewer than 10% of all cancers are 

countries. Ho

Rosenberg SA, eds. Cancer: Principles and Practice of Oncology. 6th ed. Philadelphia, 
Pa: Lippincott-Raven; 2001:149-158).  

The likelihood of developing a cancer is also influenced by many risk factors. Infection 
with Helicobacter pylori (H. pylori) bacteria may increase a person's risk of developing 
stomach cancer, but that risk is also influenced by what they eat (high intake of smoked
and salted foods and starches with low intake of fruits and vegetables) and smoking
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Even though the infections that influence cancer risk are usually contagious (especially 
viral infections), cancer is not considered to be a contagious disease.  

 by 
ng 

l’s genes, it may cause mutagenesis. Several viruses are now known or 
suspected of being associated with cancer in humans (Howley PM, Ganem D, Kieff E. 

HTLV-1 is associated with a type of lymphocytic leukemia and non-Hodgkin’s 

ates. In addition to rare forms of 
leukemia and lymphoma, the virus also causes a form of degenerative nerve disease 
called chronic progressive myelopathy that is especially common in Japan and in the 
Car

HTLV-1 belongs to a class of viruses called retroviruses, which are RNA viruses. 
They have an enzyme called reverse transcriptase, which enables them to change 
their RNA genes into DNA. Some of the new DNA genes can become part of the 

 

-1, 

 sexual intercourse  
 injection with a contaminated needle  
 transfusion of blood or blood products  

ncy or at birth  
 in breast milk  

Not everyone exposed to the virus becomes infected. Studies suggest that about 50% or 
more of persons receiving HTLV-1 positive blood might develop HTLV-1 infection at a 
later time. Once infected, a person’s chance of developing disease can be about 3% 
or 4%, usually after a long latent period (20 or more years). A survey of blood donors 
in 8 locations around the US indicated an overall prevalence of HTLV-1 infection of 

 

7.4 Viruses  

Viruses consist of a small group of genes (in the form of DNA or RNA) surrounded
a protein coating. Viruses cannot independently reproduce. They need to enter a livi
cell and insert their own DNA (or RNA) into that of the host cell. When this insertion 
affects the host cel

DNA Viruses. In: DeVita VT, Hellman S, Rosenberg SA, eds. Cancer: Principles and 
Practice of Oncology. 6th ed. Philadelphia, Pa: Lippincott-Raven; 2001:158-177).  

7.4.1 Human T-cell Leukemia/Lymphoma Virus-1 (HTLV-1)  

lymphoma called adult T-cell leukemia/lymphoma (ATL), found mostly in southern 
Japan, the Caribbean, Central Africa, parts of South America, and in some immigrant 
populations in the southeastern part of the United St

ibbean basin.  

chromosomes of the human cell infected by the virus and cause mutagenesis. 
Retroviruses have long been known as causes of leukemia in various animal species. 

HTLV-1 is similar to another human retrovirus, the human immunodeficiency virus 
(HIV) that causes AIDS (although HTLV-1 does not cause AIDS). In humans, HTLV
like HIV, can spread in people in several ways:  

 from mother to child during pregna

about 0.025% (1 in every 4,000 people). About 2% to 10% of people who have received
multiple transfusions or who use intravenous drug, will become infected with HTLV-1.  
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7.4.2 Human Papillomaviruses (HPVs)  

HPVs are a group of over 100 related viruses that cause warts of the skin, mouth, 
genital organs, and larynx. They are spread by contact, including through sexual 

n 

Specific types of HPV are the principal cause of cervical cancer and have a role in 
causing some cancers of the penis, anus, cervix, vagina, and vulva. While HPVs are 
related to these cancers, most people infected with HPV never develop these cancers 
(Levi JE, Rahal P, Sarkis AS, Villa L. Human papillomavirus DNA and p53 status in 
penile carcinomas. Int J Cancer June 10, 1998;76(6):779-783).  

 7.4.3 Human Herpes Virus 8 (HHV-8)  

s than 10% of the US population 
has signs of infection with the virus. It does not appear to cause any disease in otherwise 
healthy people, and only a few people develop KS. In the US, most of these people have 
other conditions that have suppressed their immune system, such as infection with the 
human immunodeficiency virus (HIV) or immune-system suppression related to 
organ transplantation.  

HHV-8 is related to other herpes viruses, such as the viruses that cause cold sores 
and genital herpes, Epstein-Barr virus (EBV), and cytomegalovirus (CMV). But 

 as HHV-8 and do not cause KS. Most types of 
herpes virus infections are lifelong, even though disease may not be present. Because 
many more people are infected with HHV-8 than ever develop the disease, it is likely 
that other factors are also necessary for KS to develop.  

Recently, scientists have found that HHV-8 may also be indirectly related to plasma 
cell tumors such as multiple myeloma. Patients with these tumors have defects in 
certain cells in the bone marrow called dendritic cells that normally release a hormone 
called interleukin-6 (IL-6), which appears to be an important factor in the development 
of plasma cell tumors. Researchers have found that HHV-8 infection may cause these 

intercourse (Bergstrom T. [HHV 6,7 and 8. Recently discovered herpes viruses explai
the etiology of well-known diseases]. Tidsskr Nor Laegeforen Dec 10, 
1999;119(30):4463-4466).  

Also known as Kaposi sarcoma-associated herpes virus (KSHV), HHV-8 has been 
found in virtually all tumors in patients with Kaposi sarcoma (KS), a rare, slow-
growing cancer characterized by tumors just underneath the skin.  

HHV-8 can be transmitted sexually. Blood tests show les

these other viruses are not the same

cells to overproduce IL-6.  

7.4.4 Epstein-Barr Virus (EBV)  
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EBV is another type of herpes virus. It is probably best known for causing infectious 
mononucleosis, also known as "mono" or the "kissing disease." In addition to kissing, 
it can be passed from person to person by coughing, sneezing, or sharing drinking or 
eating utensils. Most people in the US are infected with EBV before the age of 20, 
although not everyone develops the symptoms of mono. As with other herpes viruses, the 

th EBV increases a person's risk of developing 
nasopharyngeal cancer and certain types of non-Hodgkin lymphomas such as Burkitt 
lymphoma and B-cell lymphomas. Development of these cancers is more common in 
Africa and parts of Southeast Asia. Very few people who have been infected with EBV 
wil

7.4.5 Human Immunodeficiency Virus (HIV)  

HIV is not thought 
to c  increases a person’s risk of developing 
several types of cancer, especially some linked to other viruses. HIV is acquired through 

en) from 

 is 

r (Jacobson LP, Yamashita TE, Detels R, et al. Impact of 
potent antiretroviral therapy on the incidence of Kaposi's sarcoma and non-Hodgkin's 

 Cohort Study. J 
Acquir Immune Defic Syndr Aug 1999;21 Suppl 1:S34-41). The immune deficiency is 

 
r. 

virus is always present, although after the initial infection most people never experience 
any other symptoms.  

EBV infects and resides in white blood cells in the body called B lymphocytes (also 
called B cells). Infection wi

l ever develop these cancers.  

, the virus that causes acquired immune deficiency syndrome (AIDS), 
ause cancers directly, but HIV infection

contact with body fluids (such as blood, vaginal secretions, breast milk, and sem
another person with HIV.  

Known routes of transmission include:  

 unprotected sex (oral, vaginal, or anal)  
 injections with contaminated needles  
 organ transplantation  
 blood products containing the virus  
 prenatal and perinatal (during birth) exposures of infants  
 breast milk from mothers with HIV  

HIV infects and destroys white blood cells known as helper T cells, thereby 
weakening the body's immune system. When the body is less able to fight off infections, 
viruses such as the human papillomavirus (HPV) may become more active. This may 
trigger the development of cancer. Many scientists believe that the immune system
also important in attacking and destroying newly formed cancers. Therefore, 
weakness of the immune system allows new cancers to survive long enough to begin 
forming a potentially lethal tumo

lymphomas among HIV-1-infected individuals. Multicenter AIDS

what causes the EMOD deficiency state and EMODs are needed to kill cancer. 

HIV has also been linked to the development of Kaposi’s sarcoma, Hodgkin’s
disease, and certain kinds of non-Hodgkin’s lymphoma, as well as testicular cance

Page 555 of 931 



About 8% of HIV-infected individuals will develop non-Hodgkin's lymphoma. 
About 20% to 30% of HIV-infected men who have sex with men will develop 
Kaposi's sarcoma. (Cote TR, Biggar RJ, Rosenberg PS, et al. Non-Hodgkin's lymphom
among people with AIDS: inci

a 
dence, presentation and public health burden. Int J Cancer 

Nov 27, 1997;73(5):645-650).  

HBV and HCV cause viral hepatitis, a type of liver infection. While other viruses can 

5% to 
, 

raphic variation in viral load among hepatitis B 
carriers with differing risks of hepatocellular carcinoma. Cancer Epidemiol Biomarkers 

pes 
 

r hepatocellular carcinoma. J Hepatol 1996;24(2 Suppl):61-66).  

etic multi-stage cascade towards cholangiocarcinoma. Ann 
Oncol 1999;10 Suppl 4:122-126).  

Of the 2 viruses, HBV is more likely to cause symptoms, such as a flu-like illness and a 
ly from 

HBV infection within a few months and only a small percentage go on to become 
 

ating hepatitis B or C, a vaccine is available 
to prevent HBV infection. The vaccine is recommended for all children and for adults 

 no 

ge. 

7.4.7 Viruses with Uncertain or Unproven Links to Cancer in Humans  

7.4.6 Hepatitis B Virus (HBV) and Hepatitis C Virus (HCV)  

also cause hepatitis (hepatitis A, for example), only HBV and HCV are capable of 
causing the chronic (long-term) infections that can increase a person’s chance of 
developing hepatocellular carcinoma, the main type of liver cancer. About 2
50% of hepatocellular carcinomas are related to HBV or HCV infection (Evans AA
O'Connell AP, Pugh JC, et al. Geog

Prev Jul 1998;7(7):559-565). 

Recent studies also suggest that HCV may have a role in the development of some ty
of non-Hodgkin's lymphomas (Caselmann WH, Alt M. Hepatitis C virus infection as a
major risk factor fo

These viruses are spread from person to person in much the same way as HIV -- through 
sexual contact, used needles, or childbirth. They can also be passed on through blood 
transfusions (Holzinger F, Z'graggen K, Buchler MW. Mechanisms of biliary 
carcinogenesis: a pathogen

yellowing of the eyes and skin (jaundice). But most people recover complete

chronic carriers. HCV is less likely to cause symptoms but is more likely to lead to
chronic hepatitis.  

While there are few drugs effective in tre

who are at risk, such as healthcare workers and IV drug users. Unfortunately, there is
vaccine to prevent HCV.  

It is believed that HCV has learned to utilize the generation of EMODs to its advanta

Feline Leukemia Virus (FeLV): FeLV is associated with feline leukemia, a fatal 
infectious disease in American domestic cats. A vaccine to protect cats against FeLV is 
available, and all healthy cats can be immunized against feline leukemia. FeLV has not 
been known to be transmitted to humans.  
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Simian Virus 40 (SV40): SV40 is a virus that usually infects monkeys but can also 
spread to humans. Some recent studies have raised the possibility that infection with 
SV40 might increase a person's risk of developing mesothelioma (a rare cancer of the 
lining of the lungs or abdomen), as well as some brain cancers, bone cancers, and 
lymphomas.  

as 
 

 

lioma 
poliovirus vaccines. J 

Natl Cancer Inst Jan 1, 2003;95(1):38-45).  

Some polio vaccines prepared between 1955 and 1963, which were produced from 
inated with SV40. So far, the largest studies 

looking at this issue in humans have not found any increased risk for mesothelioma or 
other cancers among people who received the contaminated vaccines as children. But the 
peak age range for diagnosis of mesothelioma is 50 to 70 years. Some researchers have 
pointed out that this issue may remain unresolved until more of the people accidentally 
exposed to SV40 between 1955 and 1963 reach that age range (Vilchez RA, Kozinetz 
CA, Butel JS. Conventional epidemiology and the link between SV40 and human 
cancers. Lancet Oncol Mar 2003;4(3):188-191).  

7.5 Bacteria  

7.5.1 Helicobacter pylori (H. pylori)  

 

 

ylori infection is also 
associated with some types of lymphoma of the stomach. But most people who have this 
bacterium in their stomachs never develop cancer (Zhang ZF, Kurtz RC, Klimstra DS, 
et al. Helicobacter pylori infection on the risk of stomach cancer and chronic atrophic 
gastritis. Cancer Detect Prev 1999:23(5):357-367).  

nces commonly found in cured meats, some drinking 
water, and certain vegetables. They can be converted by certain bacteria, such as H. 
pylori, into compounds that have been found to cause stomach cancer in animals 
(Mitacek EJ, Brunnemann KD, Suttajit M, et al. Exposure to N-nitroso compounds in a 
population of high liver cancer regions in Thailand: volatile nitrosamine (VNA) levels in 
Thai food. Food Chem Toxicol Apr 1999;37(4):297-305).  

Scientists have since found that intentional infection of some laboratory animals, such 
hamsters, with SV40 causes mesotheliomas to develop. Researchers have also noticed
that SV40 can cause mouse cells grown in the laboratory to become cancerous, and that 
asbestos increases the cancer-causing effect of SV40 on these cells. Other researchers
have studied biopsy specimens of certain human cancers and found SV40 DNA. 
However, similar fragments of SV40 DNA can also be found in noncancerous human 
tissues (Strickler HD, Goedert JJ, Devesa SS, et al. Trends in U.S. pleural mesothe
incidence rates following simian virus 40 contamination of early 

monkey cells, were found to be contam

Long-term infection of the stomach with this bacterium may lead to chronic atrophic
gastritis (inflammation and damage to the inner layer of the stomach), a possible 
precancerous change of the lining of the stomach. Patients with adenocarcinoma of the
stomach (the most common type of stomach cancer) have a higher rate of infection 
with this bacterium than people without this cancer. H. p

 Nitrates and nitrites are substa
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 Most stomach ulcers are caused by H. pylori. Antibiotics and other medicines can be 
used to treat these infections. It is not yet known if people with chronic H. pylori 
infection of their stomach lining but no symptoms should be treated for this infection.  

 trachomatis  

Chlamydia trachomatis is a relatively common bacteria that can infect the female 
reproductive system. It is spread by sexual contact. Although infection may cause 
symptoms, many women do not know they are infected unless samples taken when they 
have a Pap test are studied for this type of bacteria. Recent studies suggest that women 

k 

7.5.3 Parasites  

Certain parasitic worms that can live inside the human body can also increase the risk of 
developing some kinds of cancer. While these organisms are not found in the US, they 
can be a concern for people who live in or travel to other parts of the world.  

Opisthorchis viverrini and Clonorchis sinensis are liver flukes (a type of flatworm) 
oping cancer of the bile ducts (the 

tubes that connect the liver to the intestines). These infections occur almost exclusively in 

cancer of the urinary bladder (Anttila T, Saikku P, Koskela P, et al. Serotypes of 

nsation 
nd Perception. An Integrated Approach, New York: John Wiley and Sons, Inc., 2001) 

the entire cardiac output, but their oxygen consumption is only 
7.2% of the total body oxygen consumption. The kidneys receive an ‘excess’ blood 

c needs, the kidneys function to 
‘cleanse’ the blood. Now consider blood flow to the skin. The oxygen consumption per 
gram of skin is quite low, yet its %CO is almost double its %VO2. In addition to the 
skin covering and protecting our body, its vasculature is involved in body temperature 
regulation, serving as a ‘radiator’ to help rid the body of excess metabolic heat.  

7.5.2 Chlamydia

whose blood test results show past or current Chlamydia infection are at greater ris
for cervical cancer than are women with a negative blood test. Long-term Chlamydia 
infection is well known as a cause of pelvic inflammation that can lead to infertility.  

that have been associated with increased risk of devel

East Asia and are rare in other parts of the world.  

Schistosoma haematobium is a parasite found in developing countries of Africa and 
Asia. Infection with this parasite, known as schistosomiasis, has been associated with 

Chlamydia trachomatis and risk for development of cervical squamous cell carcinoma. 
JAMA Jan 3, 2001;285(1):47-51).  

7.6     26.0.1 Immunopathology and Skin Cancer 
 
Weight of skin (adult human) = 9 lb.(4.1 kg) (Schiffman, H.R., Sensation and 
Perception. An Integrated Approach, New York: John Wiley and Sons, Inc., 2001) 
Surface area of skin (adult human) = 3,000 in2 (~1.9 m2) (Schiffman, H.R., Se
a
 
Compared to skin, the kidneys appear to be relatively ‘oversupplied’ with blood. That is, 
they receive 23.3% of 

supply because, in addition to meeting their own metaboli
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After age 30, up to 25% of skin’s oxygen consumption is lost and at age 40, as much as 

/sec. and 

 

50% of skin’s respiration is impaired.  Reportedly, we lose about 800 skin cells
over 69,000,000/day. 

7.6.0  Skin Facts: O2 consumption, Keloids and Aging 

Reference:  Encyclopedia: Skin. Nationmaster.com 

Skin is composed of the epidermis and the dermis. Below these layers lies the 
hypodermis, which is not usually classified as a layer of skin.    

The outermost epidermis is made up of stratified squamous epithelium with an 
underlying basement membrane. It contains no blood vessels, and is nourished by 
diffusion from the dermis. The main type of cells which make up the epidermis are 

n 
ning with the outermost layer): 

corneum, lucidum, granulosum, spinosum, basale. Cells are formed through mitosis at the 
 

ut 

 

-
 be 

ulture proliferate in response to increased 
oxygen pressure; the same mechanism may explain epidermal hyperplasia following 

en 

 

These are important concepts to help explain the high incidence of cutaneous 
cancer.  Remember that the skin has the highest incidence of cancer and the 
lowest oxygen consumption of all of the body’s organs.  I believe that it is 

keratinocytes, with melanocytes and Langerhans cells also present. The epidermis ca
be further subdivided in to the following strata (begin

innermost layers. They move up the strata changing shape and composition as they
differentiate and become filled with keratin. They eventually reach the corneum and 
become sloughed off. This process is called keratinization and takes place within abo
30 days.  All of these cell types have been shown to produce EMODs.   Further, 
EMODs and excytomers are produced by interaction of skin pigments with UV 
radiation from sunlight or artificial visible light.    

Oxygen reaches the skin from the blood as well as from the atmosphere. The 
diffusion gradient is a key factor in oxygen delivery. Measurements with puncture
electrodes show a maximum oxygen partial pressure on the skin surface and a 
minimum in the deeper dermis. Non-invasive measures show that oxygen uptake 
depends on location. Assuming the oxygen consumption is 0.276+/-0.029 ml O2.100 g(
1).min(-1) (37 degrees) and no oxygen is removed by capillaries, then the skin can
supplied by atmospheric oxygen to a depth of 0.25 to 0.40 mm, well into the dermis. 
Only the deeper dermis receives oxygen from the blood. The stratum corneum is a 
significant barrier to diffusion from the atmosphere. When this barrier is damaged, the 
oxygen diffusion increases Keratinocytes in c

stratum corneum damage in vivo (Stucker M, Moll C, Altmeyer P. Cutaneous oxyg
supply. With special consideration of skin uptake of oxygen from the atmosphere. 
Hautarzt. 2004 Mar;55(3):273-9). I believe that this could help explain the treatment 
of warts by covering them with tape.  This tape cover prevents the absorption of O2
from the air and induces relative hypoxia and increases hypoxia-induced EMOD 
production to kill the wart-causing virus. 
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related to relative hypoxia and subsequent deficiency of EMODs, thus, “allowing” 
the manifestation of neoplasia.  This is further strong support for my Unified 
theory. 

Blood capillaries are found beneath the epidermis, and are linked to an arteriole 
and a venule. Arterial shunt vessels may bypass the network in ears, the nose and 
fingertips. 

The dermis lies below the epidermis and contains a number of structures including 
blood vessels, nerves, hair follicles, smooth muscle, glands and lymphatic tissue. It is 
made up of dense connective tissue - collagen, elastin and reticular fibers are present. 
Erector muscles, attached between the hair papilla and epidermis, can contract, resulting 
in the hair fiber pulled upright and consequentially goose bumps. The main cell types are 
fibroblasts, adipocytes (fat storage) and macrophages. Sebaceous glands are exocrine 
glands which produce sebum, a mixture of lipids and waxy substances: lubrication, 
water-proofing, softening and antibactericidal actions are among the many functions of 
sebum. Sweat glands open up via a duct onto the skin by a pore.               

osely 

ntains the bulk of the structures (such 
as sweat glands). The reticular layer is composed of irregularly arranged fibers and resists 

The dermis can be split in to the papillary and reticular layers. The papillary layer is 
outermost and extends in to the dermis to supply it with vessels. It is composed of lo
arranged fibers. Papillary ridges make up the lines of the hands. The reticular layer is 
denser and is continuous with the hypodermis. It co

stretching. 

The hypodermis is not part of the skin, and lies below the dermis. Its purpose is to attach 
the skin to underlying bone and muscle as well as supplying it with blood vessels and 
nerves. It is made up of loose connective tissue and elastin. The main cell types are 
fibroblasts, macrophages and adipocytes (the hypodermis contains 50% of body fat). 

as padding and insulation for the body.   

Skin ca
and the ent. 
Thick skin does not grow hair; its purpose is to help grip. Thin skin is present on the bulk 
of the b corneum

Fat serves 

n be divided into thick and thin types. Thick skin is present on the soles of the feet 
 palms of the hands. It has a larger stratum corneum with a higher keratin cont

ody and has a smaller stratum  and fewer papillae ridges. It has hair and 
is softe

Functi

1. in 

r and more elastic.  

ons 

Protection: an anatomical barrier between the internal and external environment 
bodily defense; Langerhans cells in the skin are part of the adaptive immune 
system  

2. Sensation: enables irritability  
3. Storage: acts as a storage centre for lipids and water, as well as a means of 

synthesis of vitamin D by action of UV on certain parts of the skin.  
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4. Absorption: Oxygen, nitrogen and carbon dioxide can diffuse into the 
epidermis in small amounts.  

5. Excretion: The concentration of urea is 1/130th than that of urine. Excretion by 
sweating is at most a secondary function to temperature regulation.  

6. Heat regulation: The skin contains sebaceous glands and smooth arrector pili 
muscles.  

        

Aging and disease 

As skin ages, it becomes thinner and more easily damaged. Intensifying this effect is the
decreasing ability of skin to heal itself. Skin sagging is caused by the fall in elasticity.
Skin also receives less blood flow and lower gland activity.  This means also that 
aging skin receives less oxygen. 

 
 

mune function is impaired with an MNA score indicative of malnutrition in 

dysfunction in both conduit arteries 
nd peripheral microcirculation. Furthermore, aging is allegedly associated with 

gest 

zoni F, 
aletta 

 
ction is due to increased EMOD 

roduction with exercise. 

l Langerhans cells possess an H(+)-extruding mechanism signaling their 
xistence in an anaerobic environment. In their habitual state the keratinocytes contain 

ly 
the 

Im
nursing home elders with pressure ulcers (Hudgens J, Langkamp-Henken B, 
Stechmiller JK, Herrlinger-Garcia KA, Nieves C Jr. Immune function is impaired with a 
mini nutritional assessment score indicative of malnutrition in nursing home elders with 
pressure ulcers. JPEN J Parenter Enteral Nutr. 2004 Nov-Dec;28(6):416-22). I believe 
that this argues that the skin in aged patients has decreased abilities to produce 
EMODs and is more susceptible to infection, necrosis and cancer.  Oxidative killing 
by neutrophils, a primary defense against pathogens, is directly related to tissue 
oxygenation. 
 
Aging is associated with endothelial 
a
an increased susceptibility to free radical mediated tissue damage. Study results sug
that regular physical activity is associated with a better microvascular endothelial 
function in older athletes probably due to increased antioxidant defenses (Fran
Plantinga Y, Femia FR, Bartolomucci F, Gaudio C, Regoli F, Carpi A, Santoro G, G
F. Plasma antioxidant activity and cutaneous microvascular endothelial function in 
athletes and sedentary controls. Biomed Pharmacother. 2004 Oct;58(8):432-6).  I believe
that the improved microvascular endothelial fun
p
 
Epiderma
e
more lactate than do most other cell types. Epidermal energy metabolism is 
predominantly anaerobic in spite of the presence of mitochondria (Ronquist G, 
Andersson A, Bendsoe N, Falck B. Human epidermal energy metabolism is functional
anaerobic. Exp Dermatol. 2003 Oct;12(5):572-9).  This indicates the usual lack of 
ETC and EMOD production by the epidermis. 
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Keloids 
 
The adenosine triphosphate (ATP) content of keloids remains high for a long time after 

ults indicate that ATP may be produced by anaerobic glycolysis in 
eloids, by measuring lactate content, and that the decreased and narrowed vessels 

ly 

 

ffects as well.  The 
eory has been around for decades, fueled in part by statistics showing that people in 

two 

e 

e 
uerque, found that people with melanoma were less 

kely to die from the disease if they had lots of sun exposure. 

 

er, 

 

ed 

ion in 
g 

y.  
s consistent with my Unified Theory. 

le sclerosis (MS) was 
found to be reduced by exposure to sunlight. Depending on the degree of sunlight 
exposure, the risk of death from MS was reduced by up to 76%. No theory on the precise 

its formation. Res
k
may reduce oxygen perfusion. The blood supply to keloids is inadequate, and this 
persists (Ueda K, Yasuda Y, Furuya E, Oba S. Inadequate blood supply persists in 
keloids. Scand J Plast Reconstr Surg Hand Surg. 2004;38(5):267-71).  I have previous
argued that keloids are tumors which are allowed to develop due to a deficiency of 
EMODs and the above data confirms that this may well be the case.  This is further
support of my Unified theory. 
 
7.6.1 Sun Light 
 
Sunlight has been considered to be the most important etiologic factor for skin cancers.  
However, new data indicates that sun light may have beneficial e
th
sunnier climates are less likely to die from cancer than those in gloomier areas.  Now 
studies published in the Journal of the National Cancer Institute, 2005, (Vol. 97, No. 3: 
195-199 and 199-209) are adding to the evidence.  One study, led by researchers at th
Karolinska Institutet in Sweden, found that people who got lots of sun exposure 
through sunbathing or vacations in sunny places were less likely to develop 
lymphoma than people who stayed out of the sun.  The other, led by researchers at th
University of New Mexico, Albuq
li
 
 The findings were somewhat surprising because ultraviolet (UV) radiation from sun 
exposure is known to raise the risk of developing melanoma, and is also thought to play a
role in the development of lymphoma.  Both groups feel that sunlight’s influence on 
vitamin D may provide one explanation for the results.  Vitamin D is a crucial nutrient 
that is found in certain foods like oily fish (salmon, tuna, mackerel and sardines), liv
and fortified milk, cereals and orange juice.  Sunlight is another source; the UV rays 
stimulate the skin to produce it.   

Sun exposure was thought to raise lymphoma risk because people who have had some 
types of skin cancer are also more likely to get lymphoma.  However, the study show
that sun exposure did the opposite and had a protective effect.  Researchers are at a 
loss to explain this.  I feel that sun light directly produces local immune suppress
exposed areas of the skin and thus, allows for the development of skin cancer, includin
melanoma.  Whereas, sunlight also generates increased levels of RONS, especially 
excited states of singlet oxygen, and thus, decreases lymphoma and melanoma mortalit
This i

In a recently published exploratory study, mortality from multip
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mechanism of action in this reduction was proposed by the authors. (This study 
confirms one of the central issues that sunlight is actually healthy for us. Lack of 

re 
ed 2000;57:418-

421). 

g to 
American Cancer Society estimates, more than 1 million cases of basal cell or 

Melanoma, however, is more dangerous. This type of skin cancer strikes more than 

Like tanning in the sun, tanning in a bed exposes the skin to damaging ultraviolet (UV) 
oesn't 

 

ch 
tanning. Excessive UV exposure can also cause eye damage (including cataracts) and 

ers, are 
ing 

d 

f 
quamous cell 

arcinoma (OSCC) at different intraoral sites. Twenty four patients with OSCC at 
jects 

e 

ere 
R, 

mas at 

sunlight has also been associated with high blood pressure. It seems as though the
are both benefits and risks to sunlight exposure (Occup Environ M

7.6.2     26.0.2 Skin Cancer Incidence and Immunosuppression 

Skin cancer is the most common type of cancer in the United States. Accordin

squamous cell skin cancers occur every year. These types of skin cancer are highly 
curable, but about 1,000 -2,000 Americans die from them each year.  

59,000 people in the US each year and kills more than 7,000. Melanoma is becoming 
more common in the US and other countries around the world, according to WHO 
statistics, and the popularity of tanning and tanning beds is part of the reason. 

radiation. This exposure raises the risk of developing skin cancer, even if a person d
get burned.  

There is no evidence that tanning in a bed is any safer than tanning in the sun -- in fact, 
some tanning beds release much stronger UV light than the sun does. And at least 
one study has shown that women who tan in beds are more likely to develop melanoma
than those who don't.  UV exposure in childhood is thought to be especially dangerous. 

The WHO warned that skin cancer isn't the only possible consequence of too mu

premature skin aging, and may even harm the immune system.  “There has been 
mounting concern over the past several years that people, and in particular teenag
using sunbeds excessively to acquire tans which are seen as socially desirable," accord
to Kerstin Leitner, PhD, the WHO assistant director-general for environmental health. 
"However, the consequence of this sunbed usage has been a precipitous rise in the 
number of skin cancer cases."  Leitner said the agency has a clear message: "Avoi
excess exposure to UV and when you have to be in the sun, protect your skin." 

Studies have been done to compare the extent of lipid peroxidation and the status o
antioxidants in tumor and venous blood of patients with oral s
c
different intraoral sites and an equal number of age- and sex-matched reference sub
were chosen for the study. The concentrations of lipid peroxides and reduced glutathion
(GSH) and the activities of the antioxidant enzymes superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GPx) and glutathione-S-transferase (GST) w
estimated in tissues and blood ((Subapriya R, Kumaraguruparan R, Ramachandran C
Nagini S. Oxidant-antioxidant status in patients with oral squamous cell carcino
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different intraoral sites. Clin Biochem. 2002 Sep;35(6):489-93).  

ccompanied by decreased 
ctivities of SOD and CAT with increase in GSH and GSH-dependent enzymes. I 

vealed differences between the tumor and venous blood with respect to their 

ing to the Free Radi-Crap theory of aging, they should live 
nger….but, they do not.  Actually, they die at younger ages from infections. 

ons.  
 

 

 believe serve to “allow” for the manifestation of 
ancer and this has proven to be the case, e.g., Weel EA, Redekop WK, Weening RS. 

c granulomatous disease and 
s possible link to the pathogenesis of cancer. Eur J Cancer. 1996 Apr;32A(4):734-5. 

with 
A, Seelig 

ing from cancer to psoriasis and utilizes 
inje a ed to produce singlet oxygen 
(Bissonette, R. and Lui, H. (1997) current status of photodynamic therapy in 
der 9).  Disease with external manifestations , such as 
Bowen’s disease, Kaposi’s sarcoma, squamous cell carcinoma and macular degeneration 
can  ght with a wavelength between 600-700 nm.  
Thu o ble dye lasers, LEDs or lamps.  
Light can also be directed inte

 
Diminished lipid peroxidation in tumor tissue was a
a
interpret this to mean that there were deficiency levels of EMODs present in the 
tumors. No significant differences in lipid peroxidation and antioxidant levels were 
observed between patients with OSCC at different intraoral sites. However, results 
re
susceptibility to lipid peroxidation and antioxidant status. 
 
7.6.3     28  Chronic Granulomatous Disease (CGD) 
 
CGD patients can not generate an oxidative burst and thus, they produce less 
EMODs and accord
lo
 
CGD is an inherited immunodeficiency in which phagocytes fail to generate superoxide 
and its metabolites, resulting in severe recurrent infections and frequent hospitalizati
NIH tested 26 CGD patients cognitive function and found 6 (23%) patients to have
an IQ of 70 or below, indicative of cognitive deficits (Psychosomatics 45:230-234, 
June 2004).  I believe that this data reflects the importance of EMODs for a normally 
functioning brain.   
 
Also, if the Free Radi-Crap theory is correct, CGD patients should have less cancer 
formation, due to lower levels of EMODS.  However, if my Unified Theory is correct,
then CGD patients should have more cancer than predicted because they have 
EMOD deficiency levels, which I
c
Increased risk of malignancy for patients with chroni
it
 
On the other hand, it has been shown that phagocytic cells can kill cancer cells 
the respiratory burst when there is a sufficiency of EMODs (Lichtenstein 
M, Berek J, Zighelboim J. Human neutrophil-mediated lysis of ovarian cancer cells. 
Blood. 1989 Aug 1;74(2):805-9). 
 
7.6.4     Photodynamic Therapy and Photobleaching 
 
PDT is used to treat diseases rang

ct bles or ointments, which are light-activat

matology. Dem Clinics. 15: 507-51

 be treated with external sources of li
s, ne can use light (visible red region) from tuna

rnally via fiber optics.     
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PDT, via singlet oxygen causes:  
• A reduction in the mitochondrial potential 
• A drop in ATP levels 
• A decrease in cell respiration 

.  
r 

ut their 

r 

a reducing 

 

 
ever, most of the toxic 

.- h a rate constant of about 7 
,  of ONOO-, 

peroxynitrous acid (ONOOH), forms nitrogen dioxide (.NO2) and an intermediate 
with rea .

Becaus
antioxi
hyp h are 
capable of interacting to produce a wide spectrum of products. 
 

• DNA fragmentation 
• Appearance of apoptotic bodies 
• Eventual loss of plasma membrane integrity 
• Cell death 

(Carre, V., Jayat, C., Granet, R., Krause, P. and Guilloton. (1998) Chronology of the 
apoptotic events induced in the K562 cell line by PDT treatment with hematoporphyrin 
and monoglucosylporphyrin J Photochem Photobiol. 66: 55-61). 
 
The activity of EMODs has frequently been discounted because of their short half lives
However, they likely trigger events far beyond their microsecond lifetimes.  Trolox o
lpha-tocopherol succinate can prevent apoptosis produced by irradiation ba

addition 60 minutes later only partially prevented apoptosis and phototoxicity.  If their 
addition was delayed for 100 minutes, their radical scavenger effects were abolished and 
indicate that long-persisting photoproducts continue the initiation of apoptosis fo
about 100 minutes following irradiation (Kessel, D. and Luo, Y. (1996) Delayed 
oxidative photodamage induced by photodynamic therapy. J. Photochem Photobiol 64: 
601-608).  This same “prolonged effects” scenario may be present in all oxygen free 
adical and excited state reactions.  Remember that singlet oxygen, in r

environment, may take on an electron to form the superoxide anion.  
 
Photosensitizers may cause photobleaching and occurs when regular light stimulates the
photosensitizer and expends it oxygen activating capabilities.  The resulting singlet 
oxygen causes little damage to a mammalian cell, because it is well prepared for 
oxidizing reactions (statement made by Michael Ott, student of Buettner.  PDT: You 
down with PDT?  Yeah you know me! Univ. of Iowa, Spring, 2001, pg. 9).  However, 
photobleaching reduces the amount for treatment of the invading cell.   
 
7.6.5    30.10   Nitric Oxide Miscellaneous Factoids (Referenced and Un- Referenced) 
 
NO has a dark side and its over production may be cytotoxic for the cells and tissue that 
produce it.  NO inactivates critical enzymes by interacting with their iron-centers, causes 
DNA strand breaks that result in the activation of the nuclear enzyme poly-ADP-ribosyl
transferase and inhibits both DNA and protein synthesis.  How
effects of NO have been attributed to its reaction with O2 , wit
X 109 M-1 S-1 to form ONOO-  peroxynitrate.  The protonated form

ctivity equivalent to the OH derived from the trans-isomerization of ONOOH.  
e of its high reactivity, ONOO- will attack biologic targets even in the presence of 
dants.  Also, the reaction of nitrite, the stable by-product of .NO and ONOO-, with 

oc lorous acid forms other reactive intermediates.  As with other EMODs, they 
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NO

• Decreasing O2  steady-state levels, esp. under conditions favoring O2  dependent 
.OH formation 

ination sites of heme-bound iron, acting as an iron 
chelator 

• Inducing glutathione 
• Reacting with tyrosyl radicals , thus limiting the extent of nitrotyrosine formation 
• Inhibiting oxidant-induced membrane and lipoprotein oxidation by annihilation of 

lipid radical species, thus terminating radical chain propagation reactions. 
 

tant 
to have some understanding of the body’s “Renin-Angiotensin system,” an important 
hormonal mechanism used in times of blood pressure drop. 

The kidney is a uniquely well perfused organ, receiving approximately 25% of the 
blood pumped by the heart directly.  Given this fact, it is not surprising that the kidney 
would possess special areas for the sensing blood pressure changes.  In the event of a 
drop in blood pressure, as might occur with a significant bleed or in heart failure, the 
kidney’s sensors perceive this drop and release a special hormone called “Renin.” 

e blood in case of a blood pressure emergency. Should 
Angiotensinogen meet up with Renin, an activation reaction occurs leading to the 

s: 

An Angiotensin Converting Enzyme inhibitor curtails the conversion of Angiotensin I to 

om a more chronic blood pressure drop such as progressive 
heart failure.  The  re-routing of circulation produced by Angiotensin II leads to more 

 

 has a good side in that it can ameliorate tissue injury by: 
• Activating cGMP-dependent effects such as reducing platelet and neutrophil 

adhesion to endothelium 
.- .-

• Binding to the free coord

7.6.6 Enalapril, NO and H2O2 

Enalapril is an “Angiotensin Converting Enzyme Inhibitor” also called an “ACE 
inhibitor” or simply an “ACEI.”  In order to understand what this means, it is impor

The healthy liver normally produces a substance called “Angiotensinogen” which 
innocuously floats around in th

production of “Angiotensin I.” As Angiotensin I in the blood circulates eventually into 
the lungs where an enzyme called “Angiotensin Converting Enzyme” converts 
Angiotensin I into Angiotensin II.   

Angiotensin II is likely the most powerful constrictor of blood vessels known. This 
helps re-route circulation so as to preserve blood flow to the most important organ
the brain, heart and kidney. 

Angiotensin II.   Why would we want to reduce levels of a life-saving protein like 
Angiotensin II?  One must remember that the above system evolved to protect us from 
blood loss due to injury as might occur in an attack from an enemy or predator.  It was 
not designed to protect us fr

blood returning to the heart and more blood for the heart to pump forward. The failing
heart cannot handle this extra work and will fail more rapidly. 
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Enalapril effectively acts as a dilator of blood vessels. This effect opens up circula
peripherally.  (If one thinks of the circulation as a roadway system, this is analogous to 
achieving less highway congestion by opening more side streets). Bloo

tion 

d pressure drops 
nd the heart has less work. 

rial nitric oxide synthase activity in heart and liver.  In 
enalapril treated animals, calculated heart intramitochondrial NO and H2O2 steady-

pathways 

 

 form 
ls.  

 
  

de and 

one 
xynitrite causes 

sequent biological effects. Nitric Oxide 1: 373–
385), mitochondrial dysfunction (Brown, G.C. (1999) Nitric oxide and mitochondrial 

de 

xide 
e 

Data presented demonstrated that exogenous as well as endogenous peroxynitrite 
promoted release of arachidonic acid (AA) in PC12 pheochromocytoma cells and 
strongly suggest that this response is mediated by activation of phospholipase A2 (PLA2). 
This implies that peroxynitrite may act as a signalling messenger rather than, or in 
addition to, as a direct effector molecule (A Guidarelli, L Palomba and O Cantoni . 
Peroxynitrite-mediated release of arachidonic acid from PC12 cells. British Journal of 

a

Enalapril increases mitochond

state concentrations were increased 66% and 20%, respectively.  Signaling 
dependent on mitochondrial NO and H2O2 may account for the beneficial effects of 
enalapril in aging mammals (Boveris, A. et al., Enalapril increase mitochondrial nitric 
oxide synthase in heart and liver.  2003, Vol. 5, No. 6, pp. 691-697).   
 

7.6.7     30.4.3 Peroxynitrite 
 
Superoxide anion reacts instantaneously with nitric oxide to form the oxidant 
peroxynitrite.  Peroxynitrite reacts rapidly with carbon dioxide (CO2) to
nitrogen dioxide and their adduct fragments into harmful carbonate free radica
Nitrogen dioxide is also a component of tobacco smoke (1017 radicals per puff) and helps
explain how antioxidants are rapidly wiped out in the alveolar lining by tobacco smoke. 

Peroxynitrite, the coupling product of superoxide and nitric oxide, is a potent 
oxidant that induces an array of deleterious events including peroxidation of 
membrane lipids (Rubbo, H., Radi, R., Trujillo, M., Kalyanaraman, B., Barnes, S., 
Kirk, M. & Freeman, B.A. (1994) Nitric oxide regulation of superoxi
peroxynitrite-dependent lipid peroxidation. Formation of novel nitrogen-containing 
oxidized lipid derivatives.. J. Biol. Chem. 269: 26066–26075) depletion of glutathi
(Salgo, M.G., Bermudez, E., Quadrito, G.L. & Pryor, W.A. (1995) Pero
DNA damage and oxidation of thiols in rat thymocytes. Arch. Biochem. Biophys. 322: 
500–505), DNA single strand breakage (Szabo, C. &, Ohshima, H. (1997) DNA 
damage induced by peroxynitrite: sub

respiration. Biochim. Biophys. Acta 1411: 351–369) and cell death 
(Cookson, M.R., Ince, P.G. & , Shaw, P.J. (1998) Peroxynitrite and hydrogen peroxi
induced cell death in the NSC34 neuroblastoma x spinal cord cell line: role of poly 
(ADP-ribose) polymerase.. J. Neurochem. 70: 501–508; Pieper, A.A., 
Verma, A., Zhang, J. & Snyder, S.H. (1999) Poly (ADP-ribose) polymerase, nitric o
and cell death. Trends Pharmacol. Sci. 20: 171–181). All these events are thought to b
directly mediated by peroxynitrite. 
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Pharmacology (2000) 129, 1539−1542).  I believe that this data shows the antineoplastic 
nature of peroxynitrite. 

Peroxynitrite is the product of the diffusion-controlled termination reaction between 
two radicals, nitric oxide and superoxide and is a strong oxidant and nitrating 
intermediate. The biological consequences of peroxynitrite-mediated oxidative 
modifications depend on the levels of oxidant achieved in vivo and its cellular site of 
production. High and prolonged fluxes of peroxynitrite that overcome the endogenous 
antioxidant mechanisms end up in disruption of cell homeostasis leading to apoptotic or 
necrotic cell death. Several drugs used in modern medicine and agriculture can exert their 

ntioxidant 

3,6,-

 

 

t 

demiological studies have shown that MS and gout are almost mutually exclusive 
iseases. Uric acid levels in MS patients are lower than in controls and in patients with 

 MS 

 

53-

eroxynitrite is a powerful oxidant at physiological pH and is reportedly involved in 

rosine, one of its biological targets, yields stable products, including nitrotyrosine and 

toxic side effects through mechanisms involving the formation of toxic levels of 
peroxynitrite, via redox cycling, uncoupling of nitric oxide synthase, stimulation of the 
endogenous formation of nitric oxide and superoxide or lowering of the a
defenses. Experimental evidence point to peroxynitrite participation in the toxicity of 
doxorubicin, paraquat, acetaminophen and MPTP (N-methyl-4-phenyl-1,2,
tetrahydropyridine) (Denicola A, Radi R. Peroxynitrite and drug-dependent toxicity. 
Toxicology. 2005 Mar 15;208(2):273-88).  

Multiple Sclerosis (MS) is a chronic inflammatory disease of the central nervous 
system. Its etiology is not known, but it is well established that auto-reactive T-cells and
monocytes play an important pathogenetic role. Experimental allergic 
encephalomyelitis (EAE) of mice serves as disease model for MS. In both EAE and MS
inflammatory cells produce nitric oxide and its oxidizing congeners such as 
peroxynitrite. Peroxynitrite and other reactive nitrogen oxide species exert a toxic effec
on neurons, axons and glia cells and enhance apoptosis. In addition, they increase the 
blood-CNS-barrier permeability and can therefore promote invasion of inflammatory 
cells into the CNS. On the other hand, uric acid, a peroxynitrite scavenger inhibits 
blood-CNS-barrier permeability changes, CNS inflammation and tissue damage in EAE. 
Epi
d
active disease lower than in MS patients in remission. Inosine, a uric acid precursor, 
can be used to raise uric acid levels in serum and may provide some benefit in
patients. At present, uric acid can solely be regarded as a marker of disease activity in 
MS. In addition, the current knowledge of uric acid and MS supports hypotheses which
predict a positive effect of radical scavengers in MS (Mattle HP, Lienert C, Greeve I. 
[Uric acid and multiple sclerosis] [Article in German] Ther Umsch. 2004 Sep;61(9):5
5). 
 
P
the pathogenesis of several human diseases. The reaction of peroxynitrite with L-
ty
dityrosine. Investigators showed that both reduced and oxidized thiols, nitric oxide 
donors, and urate, but not other purine derivatives, reduce peroxynitrite-induced 
dityrosine formation (P Ferdinandy, R Schulz.  Inhibition of Peroxynitrite-Induced 
Dityrosine Formation with Oxidized and Reduced Thiols, Nitric Oxide Donors, and 
Purine Derivatives. Feb 2001, Vol. 3, No. 1: 165-171). 
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Gamma-tocopherol is particularly effective against the peroxynitrite radical.   
 
 
This shows that at least one natural biochemical agent, uric acid, (and possibly 
reduced thiols) is a peroxynitrite scavenger.  Uric acid is produced when xanthine 

ne to hypoxanthine. Additionally, uric acid is a potent 
also scavenge HOCl, is packed in gouty joints.  Thus, uric 

me 
lieve 

 
ease 

2 and 
ome of the factors decreasing O2 availability to the cell seen with 

t the body can make vastly increased quantities of 
2 arginally present.  

a disease of attrition and deficiencies, with deficits of 

 hydrogen peroxide and singlet oxygen) 
en, etc.) (the equivalent of castration) 

Dec a
Dec a
Decreased coronary artery blood flow 

ived to be 122 years. She was quoted as saying,” I've only one 

e are considerable benefits of aerobic conditioning 

oxidase converts xanthi
antioxidant, which will 
acid crystals, which are known to induce inflammation in joint spaces, are an 
antioxidant responsible for a multitude of diseases. Ironically, joints have all of the 
signs of “inflammation” (pain, swelling, redness, and hyperthermia), all of which 
are caused by the super antioxidant, uric acid. Before menopause, few women co
down with gout reportedly because estrogen promotes uric acid excretion. I be
that this is a very important observation.   
 
7.8      31.1 Aging 

With author after author and paper after paper, it has been stated that EMODs incr
 me, this does not make sense.  Logically, EMODs are made from Owith aging.  To

the following are s
aging. Thus, I do not believe tha

 is lacking or only mEMODs, if and when O
 
It appears to me that aging is 
the following: 
Oxygen (superoxide anion,
Hormones (DHEA, testosterone, estrog
Muscle mass 
Thymus activity 
Immunologic responsiveness 
Oxygen consumption 
Cellular oxygen utilization 
Compliance of the chest wall 

re sed heart function 
re sed cardiac output 

Decreased brain blood flow 
Decreases number of neurons 
Decreased oxygen in the skin 
Decreased collagen cross linking 
Decreased red blood cells (anemia) 

• Jeanne Calment l
wrinkle and I'm sitting on it.”  

7.8.1      37.8 Free Radicals, Exe
According to Dr. Michael Olpin, ther

rcise and Aging 
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w e I believe that the most common denominator for the body’s responsith ex rcise.  es 
tion and oxygen utilization, both of 

s: 
 
Cardiovascular benefits 
 
 essels more easily 
 
 ls throughout the body 
  
 o cells 

n surface area within 

els for oxygen transport 

oes to the brain  

into muscle cells 

Decreases risk of type II diabetes 
onsiveness to the actions of insulin 

Increases oxygen getting to the cells where they can generate more RONS 
Increase amount of oxygen circulating through the blood stream 

means more O2 being taken from the blood) 

letes 1:7).  Due to increased levels of interleukin-1 and interferon and 
killer cells, circulating lymphocytes, 

s 
), 

15, 

ars) 
Increases function of the immune system 

 

to exercise, are an increase in oxygen consump
which result in increased levels of EMODs.  Olpin’s list is as follow

Increase in the diameter of blood vessels 
Allows blood to move through the blood v
Increase in cardiac output 
 Gets more oxygen and nutrients into the cel
Increase in the number of red blood cells
 This provides more oxygen carrying capacity t
Increase in capillarization characterized by a decrease i
capillaries 
Increases the blood hemoglobin lev
Increases total blood volume (up to 25%) 
Decreases existing plaque buildup along the wall of arteries 
Increases the amount of blood that g
Increases mitochondrial “reticulum” 
Increases in size and number of the mitochondria 
Allows more oxygen to be absorbed 
Helps reduce the amount of insulin required to control blood sugar levels 

Increases tissue resp
Increases the number of enzymes involved in aerobic activity 
Increases activity of Kreb’s cycle 
Increases the diffusion of oxygen capacity of the lungs 
Enhances the exchange of oxygen from the lungs to the blood 
Increase in surface area of alveoli 

Increases air intake 
Increases A-V O2 difference (
Decreases risk of the following cancers (cancer development – normal ratio 
1:3, ath
increased numbers of natural 
granulocytes and other protective bodie
 Colon, Breast, (shown to decrease breast cancer in women by 60%
Prostate, Uterus, Ovaries, Cervix, Vagina 
Helps body resist upper respiratory tract infections 
Reduces risk of endometriosis 
Slows some of the physical impairment of Alzheimer’s disease (JAMA Oct. 
2003) 
Increases longevity (2-4 ye

In honor of World Health Day (April 7, 1999), President Clinton made the following 
statement:  “To ensure good health in later years we must prepare ourselves by following
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such common sense steps as maintaining a healthy diet, exercising regularly, seeing a 
health care provider who is knowledgeable about healthy aging, keeping our minds 
active, participating in the life of our communities, and making informed decisions 
regarding finances, future living arrangements and the possible need eventually for long 
term care in the advanced years.” 
 
Although I find the figures hard to believe, Mary S. Kaufmann, M.A. states that the 
amount of oxygen moving in and out of the lungs and to the muscles may decrease 
40% between 30 and 65 years of age.  The cardiac muscle progressively decreases in 
size and strength and as it pumps less, and the amount of blood flow throughout the 
body is slowed to about 70% that of a 30 year-old.  The whole alveolar tree becomes 
less elastic as we age and there is a decrease in the alveoli surfaces after age 20 of 3 
square feet/year.  There is less lung blood flow, less elasticity and 40% less air 
moving in and out of the lungs. 

With the decreasing pulmonary and cardiovascular function associated with aging and 
with the increasing accumulation of fats (lipids) seen in obesity, it appears to me that the 
development of disease is a direct consequence of progressively decreasing O2 levels, O2 
onsumption and O2 delivery to the tissue and cells.  The accumulating fats are 

responsible for trapping more and more of the EMODs and 1O2 generated.  To me, this is 
the reason for the changes seen with aging and with the appearance of diseases, such 

 
 additional 15 years: 12 independent and 3 

dependent.  ygotic twins 

 42.5 
 metabolism is of 36.7 2.7 cal./sq. m./h. At the age of 40: a 

man's metabolism is of 38 2.9 cal./sq.m./h and 35.9 2 cal./sq.m./h. in females. 

horylation 
decreases, the glycolytic activity increases and some anaerobic energy-generating 

 

c

as cancer, arteriosclerosis, diabetes, arthritis and cataracts. 

Sixty five year old American men have an
Monozygotic twins die within 3 years of each other and diz

die within 6 years of each other. 
 
7.8.2 Aging Deficiencies: 

I believe that aging is, in part, a disease of EMOD deficiencies.  

7.8.3 Oxygen Consumption Decreases 

Energy metabolism undergoes modifications during the life cycle at the level of energy 
production, storage, transformation and liberation. The cell oxygen consumption 
decreases progressively with age: At the age of 20: a man's basal metabolism is of
1.6 cal/sq.m./h; A female's

7.8.4 Oxidative Phosphorylation Decreases 

However, this diminution of the cellular oxygen consumption is neither regular nor 
uniform; as compensation, while tissular activity of oxidative phosp

processes are intensified. 
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The reduction of the energetic potential is brought about by the diminution
number and volume of the mitochondria, of the oxidation substrate and of 
respiratory enzymes. Unli

 in the 

ke other structures, the heart tissue shows an accentuation 
of oxidative and phosphorylating couplings. The low capacity of an aging organism in 

ce on 

 
e modifications of the thermoregulation. In conditions of average temperature, 

the body maintains constant temperature even in advanced ages. However, it presents 
s by, as a 

onsequence of a poorer blood flow in the skin, temperature records has a tendency to 

, explaining the elderly's difficulty of adaptation to caloric 
stress. 

ss of 
 

 reduced.  Thus, the workload of the heart increases and its nutrient 
supply (oxygen) decreases. 

It is well known that cognitive decline goes hand in hand with advancing age.  Scientists 

cose 
 

illiam E. Roundtree writes in the Hughston Health Alert, that a decline in our physical 
 and reaches a plateau 

etween ages 60 and 70.  After the plateau, a slower decline follows.  Maximum 
breathing capacity decreases approximately 40% during this period and individuals 
with chronic lung diseases, such as emphysema, suffer a more significant decline.  

pathological conditions reflects the low energetic potential of the cells. 

The controversial results of the studies on basal metabolism in the elderly depend on the 
normal and pathological factors that may influence it. The elderly's physical state, the 
muscle activity one develops, as well as one's bone pathology, neuromuscular 
coordination, psychological state and integument's aging degree may cause influen
production or loss of heat. 

7.8.5 Decreased Thermoregulation 

With the advance in age, in parallel to the decrease of oxygen consumption, we also
may se

difficulties for its adaptation to extreme temperatures. As the years pas
c
decrease, so that the response to the low environmental temperatures will be slower. On 
the other hand, by the integument aging through atrophy, dryness, reduced elasticity 
and modifications of the capillaries structure, this diminishes the capacity of water 
elimination through the skin

7.8.6 Decreased O2 in lungs, Cardiac muscle size, Body blood flow 
 
The work load of the heart increases due to arteriosclerosis and the effectivene
the heart as a pump is reduced.  Resting cardiac output falls and blood flow through the
coronary arteries is

 

have reported that human aging is also associated with decreased glucose metabolism, 
and it is possible that the two are inextricably linked.  As has been stated above, glu
metabolism is reliant on a sufficient and continuous supply of oxygen, and any
compromise in this delivery system may be responsible, at least in part, for any resultant 
cognitive decline. 
 
7.8.7 Decreased Maximal Breathing Capacity 
 
W
abilities starts around age 30, continues throughout our life,
b
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Cardiovascular function declines approximately one half of one percent each year 
starting around age 30 and it is no coincidence that world-class and endurance athletes 
begin gradually leaving their sport after this age.   
 
-Lung capacity decreases 5% with every decade of life. 

-A few puffs on a cigarette will reduce your oxygen absorbing capability by about 25%. 
MH Note:  I believe that this oxygen reduction “allows” for development of a wide 

variety of diseases and cancer. 
 
Alveolar macrophages freshly harvested from non-sensitized aged rats produced less O2

.- 

than those from young animals.  A similar result was obtained in BCG-sensitized rats.  
This is in direct conflict with the Free Radi-Crap theory. 
 
7.8.8 Decreased Muscle Mass 

 and a similar decline in bone mass, along with 
 simultaneous increase in body fat in both men and women.  The metabolic rate also 

ystem and is believed 
 be the reason for increased life span with caloric restriction.  Sadly, there is no 

 

nity and thymus 
 

The thymus begins to shrink (atrophy) after adolescence.  By middle age it is only 
ion of the thymus with age begins early in 

life and by mid-life the cellular mass, predominantly of the thymic cortex has fallen 

 
ls, including O2, H2O2 and 

O2 . 

7.8.10 Decreased Hormone Production 

rgans shrivel 
ones 

needed for cell replacement, repair, healing, function, and vigor. That condition is a 
nction. 

 

 

R

 
There is a 40-50% decline in muscle mass
a
declines with age and is primarily affected by muscle mass.  Periods of extreme 
starvation can produce as much as a 45% decline in the metabolic s
to
corresponding decline in the appetite with aging.  In fact, after 25 years of age, we tend
to gain one pound per year as we age.   
 
7.8.9 Decreased Immu

After young adulthood, there is a slow, steady decrease in immunity and this is the 
same pattern which I see in the decrease in oxygen consumption.   
 

about 15% of it maximum size.  Involut

by 75 to 80 percent.   
 
As the body ages and the immune system decreases, I believe that the body has to
respond with or by attempting to increase EMOD leve 1

.-

 

 
Hormone production declines with age. If sex hormones are low, the sex o
up, they atrophy; they have fewer cells and those cells are starved for the horm

deficiency disease, an age-related decline in fu

7.8.11 Decreases Leading to Anemia 
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The prevalence of both cancer and anemia increases with age.  Castration is a well 
known cause of anemia and testosterone is required for the enhancement of 
erythropoietin formation in the kidney.   
 

 E and C 
 

e O2 
sing age, the body has to compensate by forming more 

peroxide levels to maintain a healthy condition.  As deficiencies of EMODs develop, we 

 is inadequate is obvious from the fact 
that the CoQ10 content in hearts from humans 77 - 81 years old is only 43% of that 

in 

relative to normal tissue in oral cancer, in follicular but not papillary thyroid 

. 
in-3 

genous cellular H2O2 levels and causes growth retardation.   
 

s 

 
cytomers or EMODs and result in the manifestation of overt 

cancer….and it does. 

tivation 

7.8.12 Decreased Vitamin

Research indicates that blood levels of free peroxide radicals increase with age and are 
inversely related to blood levels of Vit E and Vit C.  I interpret this to mean that as th
consumption decreases with increa

see the appearance of diseases. 
 
7.8.13 Decreased CoQ10 
 
That the biosynthesis of CoQ1O in aging tissues

present in 19 - 21 year old hearts. 
 
7.8.14 Peroxiredoxin-3 (Prdx3) 
 
Peroxiredoxin-3 is a mitochondrial member of the antioxidant family of thioredox
peroxidases that uses mitochondrial thioredoxin-2 (Trx2) as a source of reducing 
equivalents to scavenge hydrogen peroxide.   
 
Prdx expression is increased in several human cancers.  Prdx1 levels are increased 

cancer, in breast cancer, and in lung cancer.  Prdxs2 and 3 are increased in breast 
cancer while increased expression of all Prdxs is found in mesothelioma (Nonn, D
Berggren, M. and Powis, G. Increased expression of mitochondrial peroxiredox
(thioredoxin peroxidase-2) protects cancer cells against hypoxia and drug-induced 
hydrogen peroxide-dependent apoptosis.  Vol. 1, 682-689, 2003).  These same 
investigators have found that Prdx3 overexpression alters the mitochondrial membrane 
potential, reduces endo

Prdx3 is over expressed in some human cancers where it may protect the growing tumor 
against hypoxia-induced apoptosis due to increased H2O2 production.  Again, this i
strong support for my theories expressed in UTOPIA that peroxide has a 
tumoricidal effect and that antioxidants protect tumors.  This increase in the 
antioxidant, Prdx or overexpression of Prdx in cancers, would effectuate deficiency
levels of RONS/ex

 
Over expression of a peroxiredoxin in HeLa cells inhibited both the NF-kB ac
and apoptosis elicited by H2O2 or TNF-α (Kang S.W., et al. (1998) Mammalian 
peroxiredoxin isoforms can reduce hydrogen peroxide generated in response to growth 
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factors and tumor necrosis factor-alpha.  J. Biol. Chem.  273:  6297-6302).   This m
that the H2O2 was necessary for the cancer cells to die and is dire

eans 
ct support for my 

OPIA theory. 

 

ly 

iff’s bases in the brain also went down with age (by 13.6%), while 
e level of diene conjugates (DC) and protein peroxidation (PPO) remained unchanged. 

d 
e 
 

le 

ion of 

 in the considerably decreased DC contents (4,1-
ld). The contents of Schiff’s bases showed only a tendency towards decrease (by 

1) increase of general AOA and increased 
OD activity (by 19.7%) in males. Epithalamin decreased significantly the contents of 

conjugated hydroperoxides and ketodienes in tissues of D.melanogaster females, 
increased catalase activity in drosophila males and females, and increased SOD activity 
in males of D.melanogaster by 41%. Humans reveal significant age-related decrease 
of antioxidation defense indices.  

e 

 

 V.G.  Twenty years of study on effect of pineal peptide preparation: 

UT
 
Some of the following material was excerpted, abstracted or modified from:  (VN
Anisimov, AV Arujunyan, and V Kh Khavinson, Effects of pineal preparation 
Epithalamin on free-radical processes in humans and animals. Neuroencocrinology 
Letters, Vol. 22, No. 1, pp. 9-18, 2001). This important paper shows that RONS actual
decrease in rats, with aging but that the corresponding decrease in the antioxidant 
enzyme, SOD, may give appearance of decreasing RONS in aging. 
� 
The activity of Cu, Zn-superoxide dismutase (SOD) was found decreased in the 
brain of aged rats (30 months old) by 46.8% as compared to young animals. 
Concentration of Sch
th
General antioxidation activity (AOA) in the brain also remained stable with age. 
The liver of aged rats showed significant increase of Schiff’s bases (by 27.1%) an
PPO products (by 109.2%) and considerable decrease of SOD activity. Th
level of DC and general AOA in the liver remained unchanged with age. Usually, it is
said that levels of oxidation products increase or accumulate with aging. Considerab
elevation of protein and lipid peroxidation products contents was registered in the blood 
serum of aged rats.  
 
At the same time, general AOA and SOD activity remarkably decreased. Applicat
peptide drug epithalamin, a pineal gland hormone, suppressed significantly the 
intensity of peroxide chemiluminescence in the blood serum (2.8-fold) and lipid 
peroxide oxidation (LPO) expressed
fo
14.4%, p>0.05) and PPO level remained unchanged. Epithalamin administration was 
followed by considerable (by 36.6%, p<0.0
S

 
Epithalamin administration to patients with age-related pathology eliminates imbalanc
in prooxidation and antioxidation systems.  
 
Studies conducted over the last 25 years have documented a wide range of the biological
activity of epithalamin, a low molecular weight peptide preparation obtained from 
the pineal gland. Treatment of aged animals with epithalamin has been found to 
normalize some endocrine and immune parameters.  
Upon continuous administration, epithalamin appeared to increase the life span of 
rats, mice, and D. melanogaster fruit flies (Anisimov, V.N., Khavinson, V.Kh. and 
Morozov,
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epithalamin in experimental gerontology and oncology. Ann NY Acad Sci 1994; 719: 

anterior 
hypothalamus on immunity, tumor incidence and life span of C3H/Sn mice. Mech 
Ageing Dev 1982; 19: 245–258) (Ànisimov, V.N., Mylnikov, S.V., Oparina, T.I., and 
Khavinson, V.Kh.  Effect of melatonin and pineal peptide preparation epithalamin on life 
span and free radical oxidation in Drosophila melanogaster. Mech Aging Dev 1997; 97: 
81–91).  
 
Epithalamin continuous administration also caused delay of reproductive failure and 
immune dysfunctions in aged animals, and inhibited the development of  
spontaneous and induced tumors of different locations (Anisimov, V.N., Khavinson, 
V.Kh. and Morozov, V.G.  Twenty years of study on effect of pineal peptide preparation: 
epithalamin in experimental gerontology and oncology. Ann NY Acad Sci 1994; 719 
83–493) (Morozov, V.G. and Khavinson, V.Kh.  Peptide Bioregulators (25-years 

Experience of Experimental and Clinical Study). St.Petersburg: Nauka; 1996) (Anisimov, 
V.N., Khavinson, V.Kh. and Morozov, V.G.  Carcinogenesis and aging. IV. Effect of 
low-molecular weight factors of thymus, pineal gland and anterior hypothalamus on 
immunity, tumor incidence and life span of C3H/Sn mice. Mech Ageing Dev 1982; 19: 
245–258) (Anisimov, V.N., Mylnikov, S.V. and Khavinson, V.Kh.  Pineal peptide 
preparation epithalamin increases the life span of fruit flies, mice and rats. Mech Aging 
Dev 1998; 103:123–132).  
 
The effects produced by Epithalamin seem to be mediated, at least partly, by its ability to 
stimulate synthesis and secretion of melatonin by the pineal gland and by its modulating 
influences on immune and some metabolic functions, which suggests an important 
homeostatic role of pineal peptides. It has been found recently that melatonin is one of 
the most potent endogenous antioxidants (Pierrefiche, G. and Laborit, H.  Oxygen free 
radicals, melatonin, and aging. Exp Gerontol 1995; 30: 213–227) (Reiter, R.J.  The pineal 

; 

tical 
c gerontology is the free-radical theory of aging. It should be noted 

that aging is associated with the slowing down of processes that result in free-radical 
 
of 

, S. 

483–493) (Anisimov, V.N., Khavinson, V.Kh. and Morozov, V.G.  Carcinogenesis and 
aging. IV. Effect of low-molecular weight factors of thymus, pineal gland and 

4

gland and melatonin in relation to aging: À summary of the theories and of the data. Exp 
Gerontol 1995; 30: 199–212). They conducted a comparative study of the antioxidant 
properties of epithalamin and melatonin in rats, which revealed that epithalamin is 
superior to melatonin as an in vivo antioxidant (Reiter, R.J.  The pineal gland and 
melatonin in relation to aging: À summary of the theories and of the data. Exp Gerontol 
1995; 30: 199–212) (Reiter, R.J.  Antioxidant actions of melatonin. Adv Pharmacol 1997
38: 103–117).  
 
According to Anisimov et al., authors of this paper, one of the most fruitful theore
advances in basi

generation. However, antioxidant defenses become less reliable with aging, which can
facilitate the damage made by free radicals to tissues (Harman, D.  Free-radical theory 
aging: increasing the functional life span. Ann NY Acad Sci 1994: 717: 1-15) (Papa
and Skulachev, V.P.  Reactive oxygen species, mitochondria, apoptosis and aging. Mol 
Cell Biochem 1997; 174: 305-319) (Shigenaga, M.K., Hogen, T.M. and Ames, B.N.  
Oxidative damage and mitochondrial decay in aging. Proc Natl Acad Sci 1994; 91: 
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107771-10778). 
 
Available data about age-associated changes in free-radical processes are rather 

iscrepant (Koltover, V.K.  Free radical theory: current status and perspectives.  Adv 

elaeus, 
 

d 
 Dev 

ase 

ontradictory, which may be caused by differences in study objects (species-, strain-, 
als 

K.  

ev 
1987; 41: 125-137) (Tokumaru, S., Iguchi, H and Kojo, S.  Change of the lipid 

. 

tly lower (by 46.8%, p<0.001) in the brain of aged rats 
ompared with young rats. This follows my belief that SOD is a primary generator 

s 

ignificantly increased in aged rat serum, whereas the total antioxidant and SOD 
activities were decreased.  
 
These results conform to human data showing that the content of glutathione in blood 
plasma of aged humans (60–97 years) was significantly lower, and the contents of LPO 

I  liver and blood serum, 

d
Gerontol 1998; 2: 37-42) (Papa, S. and Skulachev, V.P.  Reactive oxygen species, 
mitochondria, apoptosis and aging. Mol Cell Biochem 1997; 174: 305-319) (Aejm
R.  The Total Peroxyl Radical Scavenging Capacity of Human Plasma and LDL: Effect
of Age and Disease.  Helsinki: Natl Public Health Inst; 1997) (Dogru-Abbasoglu, S., 
Taner-Toptani, S., Ugurmal, B., Kocak-Toker, N., Aykac-Toker, G. and Uysal, M.  Lipi
peroxidation and antioxidant enzymes in liver and brains of aged rats.  Mech Aging
1997; 98: 177-180). 
 
Data on age-associated changes in the activities of CuZn-superoxide dismut
(SOD) and peroxidation of lipids (LPO) and proteins in different tissues are 
c
and organ-dependent differences), diets used in different laboratories to feed anim
(dietary contents of pro- and antioxidants), and age periods compared (Koltover, V.
Free radical theory: current status and perspectives.  Adv Gerontol 1998; 2: 37-42) 
(Sawada, M. and Carlson, J.C.  Changes in superoxide radical and lipid peroxide 
formation in the brain, heart and liver during the lifetime of the rate.  Mech Aging D

hydroperoxide level on mouse organs on aging.  Mech Aging Dev 1996; 86: 67-74). 
 
They studied some indicator parameters of free-radical processes and antioxidant 
defenses in the brain, liver and blood serum of young (3 months) and aged (30 
months) rats (Anisimov, V.N., Arutjunyan, A.V., Oparina, T.I., Burmistrov, S.O., 
Prokopenko, V.M. and Khavinson, V.Kh.  Age-related changes of an activity of free 
radical processes in tissues and serum of rats.  Russ Physiol J 1999; 85: 502-507)
 
SOD activity was significan
c
of EMODs, e.g., H2O2, and I would expect aging to result in a deficiency state of 
EMODs, which is reflected by decreased SOD in the brain. The total antioxidant 
activity of brain did not decrease with increased age. In the liver of aged rats, SOD 
activity decreased by 58.4%, p<0.001). A different pattern of age-dependent change
was observed in blood serum. Products of lipid and protein peroxidation were 
s

products were increased in comparison with young people (20–39 years) (Nuttall, S.L., 
Martin, U., Hutchin, T., Nayak, L., Kendall, M.J. and Sinclair, A.J.  Increased oxidative 
stress in aging and age-related diseases.  Age & Aging 1998; 27(Suppl 1): 34).  
 
t is also noteworthy that in either, the
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generation of EMODs significantly decreases with increasing age in 
humans.  
 
Linnane and associates found that in a 90 year old man, only 5% of the total mtDNA
from muscle tissue was still in the form of full-length, normal mtDNA. Along with 
this cum

 

ulative mtDNA damage, there were a large percentage of cells lacking 

 
 

t 
h

n blood 
D.  Authors 

 197-201). 

ir 
rs 

ore so 
ean, R.T., Gebicki, J. and Gleseg, S.  Hypothesis: a damaging role in aging 

n the brain, since the 

 

f 

at 

cytochrome oxidase, complex IV of the ETC. 
 
As noted above, the apparent increase of EMODs generation, which occurs in aging,
has been shown by a number of authors to be associated with a significant decrease in the
activity of antioxidant defenses. This is saying that the previously reported increases 
in EMODs with aging, is an artifact produced by a large decrease in antioxidan
defenses, which overall makes it appear that there is an increase in EMODs wit  
aging.  
 
This is clearly seen in their experiments: the decrease of EMODs production i
serum and liver is associated with a sharp drop of the activity of SO
consider SOD to be an important component of the enzymic branch of the antioxidant 
defenses, which inhibits the early steps of generation of EMODs and other reactive free 
radicals. I believe that the production of H2O2 by SOD can only be expected to 
increase the prooxidant state, since that is what it does by the conversion of 
superoxide to H2O2.  The level of EMODs in these studies was determined by H2O2–
induced chemiluminescence which is considered to be an appropriate method of EMOD 
estimation (Betts, W.H.  Handbook of Methods for Oxygen Radical Research.  
Greenwald, R.A., editor.  Boca Raton: CRC Press; 1987; pp.
 
The most vulnerable target of free radicals seems to be proteins, as reflected by the
increased peroxidation, which was observed in the liver and blood serum. Other autho
have also noticed that, in aging, peroxidation primarily affects proteins, even m
than lipids (D
for reactive protein oxidative products.  Mutat Res 1992; 275: 387-393) (Pacifici, R.E. 
and Davies, K.J.A.  Protein, lipid and DNA repair system in oxidative stress: free radical 
theory of aging revisited.  Gerontology 1991; 37: 166-180). 
 
However, the oxidation of protein was not evident in the aging brain, which might be 
associated with the high activity of low molecular antioxidants i
total antioxidant activity in the brain did not change, while SOD activity was 
suppressed.  
 
The activity of brain cytochrome oxidase decreases with aging, which suggests the 
increased superoxide generation, owing to the fact that the brain is the most aerobic organ
with the greatest oxygen consumption per unit mass. Therefore, the brain is more 
vulnerable to damage caused by oxidants than other organs are and so it needs a pool o
low molecular antioxidants, which can be readily replenished.  
 
Significant changes occur in the free radical processes in an aging animal body and th
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these changes are organ-specific. SOD activity decreased in all organs of aged rats,
whereas the total antioxidan

 
t activity, which reflects primarily the sum of concentrations 

of low molecular antioxidants (ascorbic acid, a-tocopherol, uric acid and thiol 
compounds, mainly glutathione), decreased in blood serum only and was constant in the 
brain and liver. It has been shown using mice made transgenic for LacZ gene that the 
rates of accumulation of somatic mutations in different murine organs may be quite 

ifferent, in particular, the rate is much higher in the liver than in the brain (Dolle, 
M.E.T., Giese, H., Hopkins, C.L., Martus, H-J., Hausdorff, J.M. and Vigg, J.  Rapid 
ccumulation of genome rearrangements in liver but not in brain of old mice.  Nature 

Genet 1997; 17: 431-434).  
 
The results of our studies suggest that these differences may be caused not only by 
differential efficiencies of DNA repair but also, by organ-specific characteristics of free-
radical processes and antioxidant defenses.  
 
7.8.15 Epithalamin or melatonin 
 
Treatment with either Epithalamin or melatonin was associated with a significant (by 

6.6%, p<0.01) increase of the total antioxidant activity. One week after the onset of 

s 

ificantly higher than in rats treated with melatonin. It should be stressed that, though 

 
 Effect 

elatonin and Epithalamin have been shown to increase animal life span, stimulate 
 

719: 

mmary of the theories and of the data.  Exp Gerontol 1995; 30: 199-212). 

l 

 
 V.N. 

d

a

3
treatment with Epithalamin, SOD activity in blood serum increased (by 19.7%), 
whereas treatment with melatonin suppressed the activity by 31.6%. The same trends 
were displayed by serum ceruloplasmin, albeit within the normal range. However, in rat
treated with Epithalamin, SOD and ceruloplasmin levels in blood serum were 
sign
either products of the pineal gland exhibit pronounced antioxidant effects, their 
mechanisms seem to be different.  
 
This suggestion is in accord with data about comparable antioxidant effects of melatonin
in vivo and in vitro (Longoni, B., Salgo, M.G., Pryor, W.A. and Marchiafava, P.L. 
of melatonin on lipid peroxidation induced by oxygen radicals.  Life Sci 1998; 62: 853-
859), whereas, Epithalamin appears to be much more potent in vivo than in vitro.  
�  
M
immune responses, and inhibit tumor development (Anisimov, V.N., Khavinson, V.Kh.
and Morozov, V.G.  Twenty years of study on effect of pineal peptide preparation: 
epithalamin in experimental gerontology and oncology.  Ann NY Acad Sci 1994; 
483-493) (Anisimov, V.N., Mylnikov, S.V. and Khavinson, V.Kh.  Pineal peptide 
preparation epithalamin increases the lifespan of fruit flies, mice and rats.  Mech Aging 
Dev 1998; 103: 128-132) (Reiter, R.J.  The pineal gland and melatonin in relation to 
aging: A su
 
At the same time, epiphysectomy or 24-hour illumination known to inhibit pinea
functions decrease animal life span, suppress immune functions, and promote 
atherosclerosis and tumor development. Melatonin levels decrease with aging 
(Pierpaoli, W. and Regelson, W.  Pineal control of aging: effect of melatonin and pineal
grafting on aging mice.  Proc Natl Acad Sci USA 1994; 91: 787-791) (Anisimov,
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and Reiter, R.J.  Function of pineal gland in aging and cancer.  Vopr Onkol 1990; 36: 
59-268). 

ts and SOD 
ctivity in fruit flies. It has been shown that the lifespan of transgenic D. melanogaster is 

S.  

 

rmacopoeias and is licensed only as a food additive. 
he antioxidant activity of Epithalamin was studied in a group consisting of 56 patients 

15 

l, 
lated diseases.  Age 

 Aging 1998; 27(Suppl 1): 34). 

mage 
ncrease 

 patients suffering from age-dependent pathological conditions we observed a 
ignificant increase of LPO products vs. the respective values found in healthy donors. 

cardial 
.  

omeostatic activity (Khavinson, V.Kh., Morozov, V.G., Slovieva, D.V. and Malnin, 

2
 
Epithalamin increases serum SOD activity and ceruloplasmin in ra
a
increased only when the doses of either genes, SOD and catalase, are increased, but not 
when the dose of any of these genes is increased separately(Orr, W.C. and Sonal, R.
Extension of lifespan by overexpression of superoxide dismutase and catalase in 
Drosophila melanogaster.  Science 1994; 263: 1128-1130). 
 
 
7.8.16 Effects of Epithalamin on free-radical processes in humans. 
 
The above experimental data justified studies of the antioxidant effects of Epithalamin in
clinical settings. In 1991 the Pharmacological Committee of RF Ministry of Public 
Health licensed Epithalamin for clinical use. In many countries, including Russia, 
melatonin is not included in Pha
T
of different ages (20–45 years: 26 patients; 46–59 years: 15 patients; 60–74 years: 
patients). The reduction of the antioxidant activity and other indicators of anti-
radical defenses occur in aging humans (Aejmelaeus, R.  The Total Peroxyl Radical 
Scavenging Capacity of Human Plasma and LDL: Effect of Age and Disease.  Helsinki: 
Natl Public Health Inst; 1997) (Nuttall, S.L., Martin, U., Hutchin, T., Nayak, L., Kendal
M.J. and Sinclair, A.J.  Increased oxidative stress in aging and age-re
&
 
The increase of peroxidative damage to aging human tissues is evidenced by data 
demonstrating that the levels of 8-OH-2-deoxyguanosine, a marker of oxidative da
to the mitochondrial DNA, and of malon- dialdehyde and carbonylated proteins i
in human muscles over the period ranging from 25 to 93 years (Mecocci, P., Fano, G. and 
Fulle, S.  Age-dependent increases in oxidative damage to DNA, lipids and proteins in 
human skeletal muscle.  Free Radical Biol Med 1999; 26: 303-308). 
 
In
s
This may be because they are trying to mobilize an effective prooxidant cure 
response to disease. Data have been obtained earlier that Epithalamin produces 
beneficial objective and subjective effects when used for treating women with myo
dystrophy of vegetative and dyshormonal origin (Morozov, V.G. and Khavinson, V.Kh
Peptide bioregulators in prevention and treatment of age-related pathology.  Adv 
Gerontol 1997; 1: 74-79). 
 
 
H
V.V.  Application of epithalamin for prophylaxis and treatment of genetically determined 
age-related pathology.  Adv Gerontol 1998; 2: 103-106), was evaluated using the 
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coefficient of homeostatic stability, i.e., the proportion of the number of biochemical, 
r 

f parameters outside such ranges (Khavinson, 
.Kh. and Morozov, V.G.  The use of thymic peptide as geroprotectors.  Probl Aging 

 

ome of the following materials were abstracted or modified from an article by João 

immune and endocrine parameters found to be within ranges assumed to be normal fo
young adults (25–45 years) to the number o
V
Longevity (Klev) 1991; 1: 123-128). 
 
Epithalamin can significantly contribute not only to its geroprotector effects but, also, to
its ability to protect against adverse effects of radiation and chemical carcinogens. 
 
S
Pedro de Magalhães, “Why Do We Age?”   
 
7.8.17 The Energy Consumption Hypothesis and Caloric Restriction 
 
Presently, no consensus exists over what causes aging, what determines rate of agi
or what changes occur in humans from age 30 to 70 to increase the chances of dying by 
over 30-fold.   
 
Max Rubner, in 1908, discovered a relationship between metabolic rate, body size, and 
longevity. In brief, long-liv

ng, 

ed animal species are on average bigger and spend fewer 
alories per gram of body mass than smaller, short-lived species. The energy 

 

ats 
just by making them eat less calories while maintaining normal levels of proteins, 

 
nly 

 
 

 
 the 

ood 
y 

iskin and Masos in 1997. CR affects the endocrine system by decreasing the plasma 

 

s may be at work. Recent results suggest that although the growth 

c
consumption hypothesis states that animals are born with a limited amount of some
substance, potential energy, or physiological capacity and the faster they use it, the 
shorter their lifespan and the faster they will die.  The biggest discovery in the biology of 
aging was made in 1935, following earlier findings, by veterinary nutritionist Clive 
McCay and colleagues, when they showed that they could slow aging in laboratory r

vitamins, and minerals.   
 
This process of caloric restriction (CR) appears to work in many animals, including
rhesus monkeys as shown by Bodkin et al. in 2003.  In mice, we know that CR not o
increases longevity and life span but it also postpones age-related diseases, decreases
the rate of aging, and delays development.  CR remains the most impressive way to
delay aging in mammals, particularly since it derives from a very simple intervention. 
 
A number of genes have been identified, whose effects appear to mimic CR, the best
being the urokinase-type plasminogen activator. Overexpression of this gene in
brain of mice causes a decrease in appetite resulting in a 20% decrease in f
consumption and body mass, and a 20% increase in longevity as was shown b
M
levels of insulin-like growth factor I (IGF-1) and increasing the levels of growth 
hormone. At least four genes appear to result in a phenotype similar to CR in generally 
affecting body size, growth hormone and IGF-1, and body temperature and was reviewed
by Bartke et al. in 2001. By combining CR and mutations of one of these genes--the 
Prop1 gene, there is an even greater increase in longevity, suggesting that distinct 
mechanism
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hormone/IGF-1 pathway is involved in CR, other mechanisms are also involved.  

 the 

 
.  

ce 
ept at lower temperatures eat 44% more than control mice and yet do not age 

faster.  Marsupials have lower body temperatures than eutherians but generally age faster 
and birds have higher body temperatures and metabolic rates than mammals and 
yet basically, age slower. Also, it was shown that mice with higher metabolism, live 
longer, and it becomes even more confusing.  Some of the confusion is removed by 
subscribing to my UTOPIA theory, in that high metabolic rates in mice would 
generate high levels of EMODs, which would consequently help the mouse fight off 

athogens and keep neoplastic cells under control. Thus, longevity is increased. 

ly 

alories in a diet—the fewer an organism takes in while still meeting its nutritional needs, 

 

destly 

llege London, says that she 
nd her colleagues got the idea to change the diet of their lab's fruit flies after noticing 

e wondered what the effects of changing the relative amounts of sugar 
and yeast in the food would be," says. The researchers then altered the proportions of 

-

 
Since CR involves decreased caloric intake, it serves as strong evidence in support of
energy consumption hypothesis.  Body temperature is crucial to determine metabolic rate 
since the rate of chemical reactions rises with temperature. One common feature of
animals, such as mice, rats, and monkeys, under CR is a lower body temperature
However, some evidence indicates that CR mice burn the same amount of energy as 
controls.   
 
The energy consumption theory is contradicted by studies which showed that mi
k

p
 
An overwhelming amount of new data has built up over the past several decades 
suggesting that limiting food intake can extend almost any organism's life, from the low
flatworm to the ubiquitous lab mouse. Although scientists haven't yet nailed down the 
mechanism behind this phenomenon, most hypotheses have focused on the number of 
c
the longer it's likely to live (SN: 5/11/02, p. 291). 
 
This idea is so prevalent that it's frequently referred to simply as "caloric restriction." 
But new research suggests that this title may be a misnomer for what actually produces
longevity. A team of researchers has shown in fruit flies that shifting a diet's relative 
amounts of nutrients, such as carbohydrates, protein, and fat, while only mo
cutting calories, extends life span just as much as a drastic calorie cut does. 
 
Linda Partridge, an evolutionary geneticist at University Co
a
that female flies eating a lot of yeast tended to lay more eggs than did those eating less 
yeast. Previous research suggested that egg laying directly correlates with life span, 
with more eggs leading to a shorter life. Fruit flies in the lab normally eat a nutritious mix 
of sugar and yeast meant to mimic their natural diet of rotting fruit and the yeast 
fermenting it. "W

yeast and sugar mixed together to make the flies' food.  
 
Partridge's team made a surprising finding. Although flies eating the new diets took in 
about as much food as a group eating regular chow did, those on the reduced-protein 
diet lived about 24 days longer than the average fruit fly's life span of 40 days. That 
extension, of about 60 percent, rivals the added life span of flies on a typical caloric
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restriction diet.  
 
Those flies eating less sugar also showed a modest increase in life span, althoug
was a markedly less-impressive extension of about 2 days. "What this shows is that it's 
not just the number o

h it 

f calories [that's important for extending life]. It matters what 
e source of those calories is," says Partridge. Her team published its findings in the 

t. 

ge 

ays. (Mair, W., M.D.W. Piper, and L. Partridge. 2005. 
alories do not explain extension of life span by dietary restriction in Drosophila. PLoS 

Extending experimental findings from one species to another "is always fraught 

 
Masoro adds that although eating fewer calories has shown some health benefits in 
people, scientists aren't yet sure whether simple caloric restriction has any life-
extending effects in humans. The National Institutes of Health is now running three 
concurrent studies of caloric restriction in nonhuman primate species, such as rhesus 
monkeys, that will give the best clues on whether the strategy might work in people.  

Caloric Restriction in Humans 

CR has been shown to slow aging in rats, mice, fish, worms, and various insects. There 
are a small number of individuals who have been practicing CR for a number of 

ve 
ted 

heir 

d 
 

nd BP (blood 
pressure), which usually increase with advancing age. They further showed that CR 

 and 
provides evidence for a decrease in inflammation, as reflected in extremely low CRP 

th
July PLoS Biology. Luigi Fontana, a clinical investigator at Washington University in S
Louis and at the Italian National Institute of Health in Rome notes that if the same 
concept works in people, the currently popular "low carb" diets, in which people eat lar
amounts of protein but fewer sugars, could be undermining the dieters' longevity. "It's 
certainly a possibility," he s
C
Biology 3(July):e223). 
 
However, Edward J. Masoro, an emeritus professor of physiology at the University of 
Texas in San Antonio and a longtime researcher of caloric restriction, comments that 
there's no telling whether lowering protein intake will work to lengthen life in people. 

with difficulty," he says.  

years in the belief that CR will also extend their lifespan beyond the usual range. The 
availability of these individuals is making it possible to investigate the effects of long-
term CR in humans. In this study, researchers measured a range of risk factors for 
atherosclerosis and carotid artery intima-media thickness (IMT) in individuals who ha
been practicing CR for periods ranging from 3 to 15 years. In addition, they presen
serum lipid and lipoprotein data that some of the study participants obtained through t
personal physicians before and during the period of CR. 

Little is known regarding the effects of long-term CR on metabolic health in nonobese 
humans. In this study, they evaluated the metabolic profile of 18 men and women who 
had been on self-imposed CR for 3-15 years. Our data show that CR results in profoun
and sustained beneficial effects on the major atherosclerosis risk factors, serum
Tchol (total cholesterol), LDL-C, HDL-C, TG (triglycerides), a

 

provides a powerful protective effect against obesity and insulin resistance,
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levels. The results of this study on 18 individuals who had been on severe, self-imposed 
CR for 3-15 years provide evidence that CR is highly effective in lowering the risk of 
developing atherosclerosis (L Fontana, T E. Meyer, S Klein and J O. Holloszy. Lon
term calorie restriction is highly effective in reducing the risk for atherosclerosis in 
humans. PNAS. April 27, 2004, vol.101, no. 17, pp. 6659-6663).  
 
7.8.18 The Free Radi-Crap Theory of Aging 

In 1954, Rebeca Gerschman and her colleagues were the first to introduce the idea that 
free radicals are toxic agents and Dr. Harman, in 1956, developed the free radical theory 
of aging.  The free radical theory of aging simply argues that aging result

g-

s from the 
damage generated by EMODs.  Most experimental evidence in favor of the free radical 

s. 

 
Drosophila increases longevity, while mice without 

MSRA have a decreased longevity of about 40%. Whether the aging process is affected 
decline 

ge 
c 

ative damage, and possibly delaying aging, but the exact function of 
p66  remains unclear.  Transgenic mice overexpressing the human thioredoxin gene 

ave 
 

to 

d to free 

hat the rate of EMODs generated in the mitochondria of post-
mitotic tissues helps explain the differences in life span amongst some animals, 

theory of aging has been based on studies of invertebrates. Transgenic fruit flies, 
Drosophila melanogaster, overexpressing the cytoplasmic form of SOD, called 
Cu/ZnSOD or SOD1, and catalase have a 34% increase in average longevity and a 
delayed aging process and in Drosophila, expression of SOD1 in motor neurons 
increases longevity by 40%. Additionally, certain long-lived strains of both Drosophila 
and the nematode worm Caenorhabditis elegans also have increased levels of antioxidant 
enzymes. I believe that this is likely due to H2O2 generation by SOD. 

Besides antioxidants, some enzymes catalyze the repair of damage caused by EMOD
One of such enzymes is methionine sulfoxide reductase A (MSRA), which catalyzes 
the repair of protein-bound methionine residues oxidized by EMODs. Overexpression of
MSRA in the nervous system of 

remains to be seen, although the results from Drosophila suggest that age-related 
is also delayed by MSRA overexpression. Another enzyme that repairs oxidative dama
is 8-oxo-dGTPase, which repairs 8-oxo-7,8-dihydroguanine, an abundant and mutageni
form of oxidative DNA damage. Yet contrary to the results involving MSRA, when 
researchers knocked out the gene responsible for 8-oxo-dGTPase, although the mutated 
mice had an increased cancer incidence, their aging phenotype did not appear altered as 
shown by Tsuzuki et al. in 2001. 

Targeted mutation of p66shc in mice increases longevity by about 30%, inducing 
resistance to oxid

shc

featured an increased resistance to oxidative stress and an extended longevity of 
35%. Like p66shc, thioredoxin regulates the redox content of cells and is thought to h
anti-apoptotic effects. In recent studies, mice with extra catalase in their mitochondria
lived 18% more than controls and were less likely to develop cataracts. It remains 
be seen whether these catalase-enhanced mice actually age slower. Moreover, the 
phenotype witnessed in a strain called senescence-accelerated mice may be relate
radical damage.  

It is believed by some t
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particularly amongst mammals and between birds and mammals. One problem of thes
studies is that technical limitations exist in measuring EMODs production in isolated 
mitochondria. For instance, none of these studies measures the levels of hydroxyl radical, 
the most reactive and destructive of the EMODs; often, hydrogen peroxide and 
superox

e 

ide anion are measured since they can react to give the hydroxyl radical. Even so, 
such studies may not be representative of what actually occurs in the 

R is 
gests 

 

 

 when 

ut 

ssing 

 
 

overestimated because they only took into account short-lived strains. Inactivation of 
t 

ia 
 

nd correlations between the levels of certain 
antioxidants and longevity in mammals, but failed to find any consensus.  

he 

h 
sult in 

living/breathing cell. 

One possible mechanism for CR is that animals under CR produce less EMODs and 
therefore age slower but delayed aging is not the only effect of CR. For example, if C
started early in life, animals have delayed development. Yet some evidence also sug
that EMODs are needed for development; thus, coupling EMODs, development, and
aging. 

Although there is evidence to support the role of EMODs in aging, there is also 
experimental evidence against it. Several studies have attempted to overexpress or
knock-out antioxidants in mice, but the results have been largely disappointing. In 
some cases animals do not show any differences in their aging phenotype
compared to. Mice fed antioxidants--either a single compound or a combination of 
compounds--were able to decrease oxidative damage and increase average longevity b
none of them delayed aging, while other studies did not conclude that feeding mice  
antioxidants increases longevity. In 2000, Huang et al. showed that ubiquitous 
overexpression of SOD1 in mice also failed to increase longevity. Overexpre
bovine SOD2, the mitochondrial form of SOD, also called MnSOD, in Drosophila 
slightly extends average longevity but does not delay aging.  Recent findings suggest
that the influence of SOD1 and catalase in Drosophila aging had likely been

peroxiredoxin 1, an antioxidant enzyme, shortens longevity in mice but these do no
appear to age faster but rather develop more tumors and a severe hemolytic anem
probably derived from protein oxidation in erythrocytes as shown by Neumann et al. in
2003. This result suggests that antioxidant proteins are already optimized in 
mammals. Correlations between rate of aging and antioxidant levels in mammals 
are very weak, if at all. Some studies fou

One hypothesis is that the rate of mitochondrial EMOD generation rather than t
antioxidant level may act as a longevity determinant. However, one recent study, in 
Drosophila, found that lowering EMOD leakage from the mitochondria throug
over-expression of the mitochondrial adenine nucleotide translocase did not re
extended longevity. The same study failed to find differences in EMOD production 
in CR flies despite these living longer. 

Several pathologies exist in mice and humans derived from mutations affecting the 
mitochondrion, which often involve an increase in EMODs leakage from the 
mitochondrion. Nonetheless, these pathologies do not result in an accelerated aging 
phenotype, but frequently diseases of the central nervous system. One example is 
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Friedreich's ataxia which appears to result from increased oxidative stress in the 
mitochondria and does not resemble accelerated aging. Deficiency of the mitochondrial 
complex I has been reported in a variety of pathologies such as neurodegenerative 

 

tral nervous system due to its high energy 
usage. Both Drosophila and C. elegans are mostly composed of post-mitotic cells, 

ive 
of aging than results from mice. 

ree radical theory of aging: knockout 
mice heterozygous for SOD2 showed increased oxidative damage at a cellular and 

mage Theory of Aging (Progeria) 
 
Progeroid syndromes are rare genetic diseases of which two of the most impressive 
forms are Werner's (WS) and Hutchinson-Gilford's syndrome. These diseases 
originate as a phenotype that is remarkably similar to an accelerated aging process, 
particularly in the case of WS. Though differences exist in terms of pathology, what most 
markedly distinguishes these syndromes is age of onset with Hutchinson-Gilford's 
syndrome almost exclusively affecting children while WS patients normally reach 
adulthood. 

Werner's syndrome originates in a recessive mutation in a gene, WRN, encoding a 
e 

n 

ord's syndrome is 
also a nuclear protein: lamin A/C.  In 2003, a team of scientists in the United States found 

ls, 
ith 
 
 

disorders. Cytochrome c deficiency has also been associated with neurodegenerative 
disorders, as has selective vitamin E deficiency. Perhaps EMODs are involved in some
pathologies involving post-mitotic cells, such as neurons; another alternative is that 
mitochondrial diseases affect mainly the cen

which may explain why results from these invertebrates are much more support
of the free radical theory 

A recent experiment raised doubts regarding the f

molecular level but did not show significant changes in longevity or rate of aging as 
was shown by Van Remmen et al. in 2003. 

In conclusion, the exact nature and influence of EMODs in mammalian aging is 
currently undetermined. 

7.9 DNA Da

RecQ helicase.  Since WRN is unique amongst its family in also possessing exonucleas
activity, it may be involved in DNA repair. Although the exact functions of WRN remain 
a mystery, it is undeniable that WRN plays a role in DNA biology.  In fact, cells take
from patients with WS have increased genomic instability.  Topoisomerases are 
enzymes that regulate the supercoiling in duplex DNA. WS cells are hypersensitive to 
topoisomerase inhibitors.  As such, WS is an indicator that alterations in the DNA over 
time play a role in aging. 

As with WRN, the protein whose mutation causes Hutchinson-Gilf

that progeria was caused by mutation in a protein called Lamin A in human cells. In 
2004, Zhou Zhongjun found that mutated Lamin A disrupted the repair process in cel
thus resulting in accelerated aging. “DNA damage is not effectively repaired in cells w
defective Lamin A but very efficiently repaired in normal cells. Any mutation to Lamin
A that disrupts repair will bring about aging, Zhou said in 2005. The enzyme Zmpste 24
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was responsible in converting prelamin A to functional Lamin A. Zhou's laboratory is  

s 

otein 

e in 
hese changes are 

effects or causes of aging.  There is no consensus as to what type of DNA changes are 

ent 
o age 
er, 

ch 

ree 
radicals to nuclear DNA remains an unproven cause of aging.  However, some 

ited 
 

y, there is contradictory evidence in favor and 
against the theory.  Recently, the disruption of the mitochondrial DNA polymerase 

DNA may play a role 
in age-related diseases and aging and on the other hand, maybe it does not. 

With the exception of peripheral red blood cells, mitochondria are present in all 

cer Institute, it is estimated that human 
chondrion/day.  

developing inhibitors to Zmpste 24 to apply to tumors to kill them. 

Other progeroid syndromes exist, such as Nijmegen breakage syndrome, which derive
from a mutated DNA double-strand break repair protein and has been considered as 
progeroid. Cockayne Syndrome Type I may also be accelerated aging and the pr
involved participates in transcription and DNA metabolism. Murine accelerated aging 
syndromes have also been implicated in DNA repair such as the mouse homologues of 
xeroderma pigmentosum, group D, ataxia telangiectasia mutated or ATM.  
 
Likely, certain that DNA mutations and chromosomal abnormalities increase with ag
mice and humans. Nonetheless, it is impossible to tell whether t

crucial in aging.  On the other hand, mice overexpressing p48, which is important in 
repairing DNA damage deriving from UV radiation, had improved DNA repair 
mechanisms and still did not live longer as shown by Tang et al. in 2000.  Mice defici
in Pms2 had elevated levels of mutations in multiple tissues and yet did not appear t
faster than controls. Embryos of mice and flies irradiated with x-rays do not age fast
though one report argued that Chernobyl victims do.  To add to the confusion, please 
remember the data on radiation hormesis, which I presented in UTOPIA 1st edition, 
section 49, Radiation, Hormesis, EMODs, Cancer and Aging. 

One possibility is that EMODs damages DNA and some evidence exists in favor of su
hypothesis. However, overexpression of catalase in the nucleus did not prevent 
oxidative damage to DNA, as shown by Schriner et al. in 2000. Damage from f

evidence exists that under CR oxidative damage to mtDNA is more important than 
oxidative damage to nuclear DNA. On the other hand, the mtDNA is maternally inher
in mammals and yet no evidence exists that the heritability of longevity is different
between males and females. Presentl

resulted in an accelerated aging phenotype, for the first time directly implicating the 
mtDNA in aging as shown by Trifunovic et al. in 2004. Thus, mt

eukaryotic cells in varying numbers, from hundreds to thousands. Mitochondria 
perform multiple cellular functions and are the major source of cellular energy and of 
reactive oxygen species (EMODs).   

According to K. K. Singh of Roswell Park Can
ells produce up to 10 million EMODs /mitoc
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It now appears that mitochondrial oxidants (EMODs), especially 2
serve as messengers to the cytosol, the nucleus and likely most, if not a
areas within the cell and in its immediate environs. 

7.9.1     31.4.1 Free Radicals  and lipofuscin 
 
Some of the following material was excerpted or modified from an article by Chris 
Gaugler. 

 H O2, 
ll, 

gnized as "the aging pigment" or the 

(Abst) 86(3):249). 

 

t LF-ogenesis was a constant lifespan process (Schmidt, R.E. et al. 

 vit-E for two to three 
 

Lipofuscin (LF) is a conglomerate of lipids, metals, organic molecules, and 
biomolecules that commonly fluoresce at 360 to 470 nm. The most recent literature 
concerns a series of syntheses that produce compounds with similar fluorescent 
properties (345 to 440 nm).  LF granules have been found in every eukaryote ever 
examined, and always accumulate within cells as the organism ages, and usually as 
cellular integrity is challenged. Hence, it is reco
“ashes of metabolism.”  In 1994 LF was positively identified in cultured muscle and 
parietal cells, ending the neuron genesis hypothesis.  LF always contains iron or copper, 
and is often associated with zinc or aluminum.   

It has also been found that human and synthetic LF have fluorophores in common. This 
synthesized LF immediately results in formation of singlet oxygen, i.e. LF acts to 
facilitate "generation of reactive oxygen species that contribute to age-related decline of 
retinal pigment epithelium (RPE) function and blue light damage (Gaillard, E.R. et al 
1995 Photochem Photobiol (Abst) 61(5):448). 

Long-term dialysis treatment can lead to LF-ogenesis in several types of nerve cells. 
Aluminum is found embedded within the LF granules of dialysis patients (Reusche, E. 
and Seydel, U. 1993 Acta Neuropathol 

Hypoxia damages cellular structures, both physically and chemically (e.g. a reduced ATP
concentration). This may make them more susceptible to LF-ogenesis (Mertsch, K. et al. 
1995 Cell Mol Biol (Abst) 41(2):243).  LF was found in the neurons of infants who 
died without neural pathology and was already apparent at the light microscope level in 
autopsied neurons of teens.  

This established tha
1995 J Neurocytol (Abst) 24(3):189).  

In 1995, an experiment in Italy studied the effects of cisplatin treatment on rats. After 
nine weeks, the numbers of lysosomes and LF granules were 60% higher in the treated 
group than in the control group (Cece, R. et al. 1995 Histol Histopathol (Abst) 
10(4):837).  Weanling piglets were deprived of selenium and
months, sacrificed, and their muscle tissue was examined for degenerative alterations.
There were extensive LF granules (de Gritz, B.G. 1995 Zentralbl Veterinarmed A 
(Abst) 42(9):561). 
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Lead exposure (1% in drinking water) led to accelerated LF-ogenesis in rat pup
neuronal and glial cells. Treatment with 

 
vimentin to sequester cellular lead resulted in a 

decline of cellular hypertrophy to near-normal levels (Selvaein-Testa, A. et al. 1995 
al 

 

 

one body, and 5) reduction in integrity of cellular elements 
and/or a low level of antioxidants. LF seemingly coalesces about a structure of consistent 

r aluminosilicate or another metal or metalloid. The 
presence of this organometallic compound accelerates further oxidative events within the 
cell until granules accumulate that interfere with the proper structures and activities of the 
cell. Non-dividing cells are at greatest risk as dividing cells have a chance of leaving LF 
granules in one daughter cell (becoming non-viable) while the other daughter cell is left 
relatively 'clean.'   However, there is still considerable debate as to the significance of 
the presence of LF.  In other words, we still do not know what it is or what it does or 
what its presence means. 

7.9.2       31.4.10 Telomere Theory 

Telomeres are the physical ends of the chromosomes. They maintain chromosome 
stability, genetic integrity, and cell viability in a variety of different species 
(Blackburn, E. H. 2000. Telomere states and cell fates. Nature 408:53-56) (de Lange, T. 
1998. Telomeres. Nature 392:753-754). Telomeres can also function as a mitotic clock, 
since telomeres are progressively shortened during each cell division. Telomere 
shortening forces human primary cells to stop dividing when a critical minimum 

telomere length is reached (Furumoto, K., E. Inoue, N. Nagao, E. Hiyama, and N. 
 of 

8) (Colgin, 

g 

e 

Neurotoxicology (Abst) 16(3):389).  The research cited here indicates that many natur
and synthetic compounds can enhance the rate of LF-ogenesis. 

LF generation of singlet oxygen leading to reactive oxygen species contributes to 
decline of retinal pigment epithelium (RPE) function (Gaillard, E.R. et al. 1995 
Photochem Photobiol (Abst) 61(5):448).  The proto-oncogene bcl-2 produces its protein
product in direct response to LF accumulation within cells. This protein inhibits 
generation of reactive oxygen species.   

In summary, lipofuscin is a name assigned to a class of intracellular compounds that 
fluoresce at approximately 400 nm. The common elements responsible for this 
compound apparently must include 1) a metal or metalloid, 2) a lipid or protein fragment
with an oxidizable site (e.g. a hydroxyl, sulfhydryl or amide), 3) a peroxide (or perhaps 
another strongly oxidative molecule), intracellularly HO is most likely to be involved, 4) 
an aldehyde or transient ket

character that always contains iron o

Miwa. 1998. Age-dependent telomere shortening is slowed down by enrichment
intracellular vitamin C via suppression of oxidative stress. Life Sci. 63:935-94
L. M., and R. R. Reddel. 1999. Telomere maintenance mechanisms and cellular 
immortalization. Curr. Opin. Genet. Dev. 9:97-103). Age-dependent telomere-shortenin
can be decelerated by suppression of intracellular oxidative stress and/or by telomerase 
retention, both of which are achieved by enriched Asc(in) but not by extracellular Asc 
overwhelmingly more abundant than Asc(in), by addition of the oxidation-resistant typ
of ascorbic acid (Asc), Asc-2-O-phosphate (Asc2P). 

Page 589 of 931 



The enzyme telomerase, a ribonucleoprotein, counteracts the shortening of 
telomeres. Telomerase contains a catalytical subunit, the telomerase reverse 

transcriptase (TERT), which uses a small integral RNA component as a template for the
synthesis of the dGT-rich strand of telomeres. Introduction of the active subunit o
telomerase,

 
f the 

ol. Chem. 274:26141-26148). In 
addition to the well-known function of TERT to counteract telomere shortening, TERT 

me 
s 

A. 

from 
ess 

 initiated by ROS-induced phosphorylation of tyrosine 707 within 
hTERT by the Src kinase family. Interference with the Src kinase family-dependent 

its depletion of nuclear hTERT and 
thereby potentiates the antiapoptotic capacity of hTERT.  Depletion of nuclear 

, 

 

 

 TERT, into human cells extended both their life span and their telomeres 
to lengths typical of young cells (Yang, J., E. Chang, A. M. Cherry, C. D. Bangs, Y. 
Oei, A. Bodnar, A. Bronstein, C. P. Chiu, and G. S. Herron. 1999. Human endothelial 
cell life extension by telomerase expression. J. Bi

 

has been implicated in promotion of cell survival. Suppression of telomerase enzy
activity promotes apoptosis of neuronal cells, germ cells, and thymocytes, wherea
overexpression of TERT prevents apoptosis by interfering with a premitochondrial 

step in the cell death cascade. Likewise, forced expression of TERT prevents 
apoptosis of cardiac myocytes (Oh, H., G. E. Taffet, K. A. Youker, M. L. Entman, P. 
Overbeek, L. H. Michael, and M. D. Schneider. 2001. Telomerase reverse transcriptase 
promotes cardiac muscle cell proliferation, hypertrophy, and survival. Proc. Natl. Acad. 
Sci. USA 98:10308-10313). 

Generally, the exchange of small molecules and macromolecules in and out of the 
nucleus proceeds through nuclear pore complexes. EMODs have been implicated in 
aging, apoptosis, and numerous diseases. Upon production of high levels of EMODs 
exogenous or endogenous sources, the redox balance is perturbed.  Oxidative str
induces the depletion of hTERT from the nucleus via export through the nuclear 
pores. Nuclear export is  

tyrosine phosphorylation of hTERT inhib

hTERT by EMODs may amplify cellular sensitivity to apoptosis, irrespective of the 
effects on telomere length reduction and cellular senescence (J Haendeler, J Hoffmann
RP Brandes, AM Zeiher, and S Dimmeler.  Hydrogen Peroxide Triggers Nuclear 
Export of Telomerase Reverse Transcriptase via Src Kinase Family-Dependent 
Phosphorylation of Tyrosine 707. Molecular and Cellular Biology, July 2003, p. 4598-
4610, Vol. 23, No. 13). 

7.9.3      32.14 Caloric Restriction Theory 
 
Wu et al investigated the effects of dietary restriction (DR) on the activities of liver 
superoxide dismutase (SOD), catalase (Cat), and glutathione peroxidase (GPX) and the 
level of lipid peroxidation in developing mice (Wu, A., Sun, X., Wan, F and Liu, Y. 
Modulations by dietary restriction on antioxidant enzymes and lipid peroxidation in 
developing mice. J Appl Physiol 94: 947-952, 2003.).  The SOD activity was increased
at 24 wks but not at 12 wks in 20% DR and 35% DR male, but not in the female 
mice. The Cat activity was elevated at 24 wks in both DR male and female mice with a 
greater increase in DR female than in DR male animals.  GPX activity was also increased
at 24 wks in DR male and female mice with a greater elevation in DR females than in 
males.  Lipid peroxidation was decreased at 24 wks in both DR male and female animals 
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with a greater reduction in females.  This suggested sex-associated modulations of DR on 
ping animals.  I interpret this to possibly mean that the 

antioxidant enzymes were increased in response to increases in EMODs at the 24 wk 

eep 

 
 simultaneously but they may 

s,’ 

s.  In the 
, these organelles were found to be present in almost all eukaryotic 

 

constituents catalase and H2O2-producing flavin 

d, 
ost-translationally into 

es are involved in a range of 
 cells.  These organelles have an 

s 

antioxidant systems in develo

point of development.  Thus, the more EMODs, the longer the life span, such that a 
deficiency state of EMODs allows for more rapid aging to occur.  Also, please k
in mind that SOD produces H2O2 directly.  We must not forget the possibility that 
oxygen and its derivatives may not be directly related to the aging process.  Aging
and EMOD formation may be occurring
not be causally related. 
 
7.9.4      33.15 Peroxisomes 
 
Peroxisomes are subcellular organelles with an essentially oxidative type of metabolism.  
Like chloroplasts and mitochondria, plant peroxisomes also produce superoxide 
radicals (O2

.-) and there are, at least, two sites of superoxide generation:  one in the 
organelle matrix, the generating system being xanthine oxidase, and another site in the 
peroxisomal membranes depended on NAD(P)H. 
 
The first description of peroxisomes was carried out in 1954 in the course of electron 
microscopy studies in mouse kidney tubules (Rhodin, J.  1954, Correlation of 
ultrastructural organization and function in normal and experimentally changed proximal 
convoluted tubule cells of the mouse kidney.  Doctoral Thesis, Karolinska Institute, 
Aktiebolaget Godvil, Stockholm) and these organelles were designated as ‘microbodie
a morphological name not implying any biochemical function.  But it was De Duve at the 
beginning of the 1960s that carried out the biochemical characterization of peroxisomes 
from mammalian tissues which led to their recognition as distinct cell organelle
ollowing yearsf

cells.  Peroxisomes are organelles with diameters ranging from 0.1-0.7 µm, bounded by
a single membrane, and contain a coarsely granular or fibrillar matrix that occasionally 
has amorphous or paracrystalline inclusions.  From a physiological and biochemical 
viewpoint, peroxisomes can be broadly defined as ubiquitous subcellular organelles 
containing as basic enzymatic 
oxidases.  Today it is widely admitted that these organelles, unlike mitochondria and 
chloroplasts, do not have a genetic system and all their proteins are nuclear-encode
synthesized on free polyribosomes and imported p
peroxisomes. 
 
In recent years, it has been demonstrated that peroxisom
important cellular functions in almost all eukaryotic
essentially oxidative type of metabolism and can carry out different metabolic pathway
depending on their source.   
 
The main metabolic processes responsible for the generation of H2O2 in different 
types of peroxisomes are:  
-the photorespiratory glycolate oxidase reaction  
-the β-oxidation of fatty acids  
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-the enzymatic reaction of flavin oxidases  
-and the disproportionation of superoxide radicals  
 
In animals, a variety of xenobiotics, mainly including hypolipidemic drugs, and cer
herbicides and phthalate-ester pla

tain 
sticizers, induce in liver the proliferation of the 

eroxisomal population as well as the activity of the H2O2-producing acyl-CoA 

ironments.  In some 
yeast species, peroxisomes may be induced by growth on methanol, alkanes, fatty 

s has 

 the 
proliferation of peroxisomes.    

-glutathione cycle, also called Foyer-Halliwell-Asada cycle, is an 
efficient way for plant cells to dispose of H2O2 in certain cellular compartments where 

C. 

s 
 

t play a protecting role against oxidative stress in 
eroxisomes. 

e H2O2 produced in these organelles, the catalase affinity for 
H2O2 is relatively low (Halliwell, B. 1974. Superoxide dismutase, catalase and 

dase 
an 

malian cells 

 react with reduced 
glutathione (GSH) to form S-nitrosoglutathione (GSNO), a reactive nitrogen oxide 

 and an 

p
oxidase.  In mussels, the proliferation of peroxisomes has been proposed as a specific 
biomarker of pollution by xenobiotics in marine and estuarine env

acids, D-alanine, and cadimium.  In plants, the cellular proliferation of peroxisome
also been reported both under natural and abiotic stress conditions.  The induction of 
peroxisome biogenesis genes (PEX) by H2O2 has been demonstrated in both plant 
and animal cells, indicating that the signal molecule H2O2 is responsible for

 
Xanthine oxidase catalyses the oxidation of xanthine and hypoxanthine to uric acid and is 
a well-known producer of superoxide radicals (Fridovich, 1986). 
 
The ascorbate

this metabolite is produced and no catalase is present (Halliwell, B. and Gutteridge, JM
2000. Free radicals in biology and medicine. 2000, Oxford University Press). 
 
In spite of evidence, these proteins are still termed peroxisomal membrane protein
(PMPs).  The human HsPMP20 and murine MmPMP20 proteins can remove H2O2 by its
thiol-peroxidase activity and have been proposed as novel members of the Ahp/thiol-
specific antioxidant family, which migh
p
 
It should be taken into account that although catalase in the peroxisomal matrix 
decomposes most of th

glutathione peroxidase: solutions to the problems of living with oxygen.  The New 
Phytologist 73, 1075-1086).  However, at lower levels of H2O2 the ascorbate peroxi
activity of the ascorbate glutathione cycle can scavenge H2O2 more efficiently th
catalase owing to its much lower Km . 
 
In recent years, different studies have shown that G6PDH has a relevant role in the 
mechanism of protection against oxidative stress of bacteria, yeast and mam
(Corpas et al., 1998b). 
 
The presence of NOS in peroxisomes suggests that these organelles are a cellular 
source of NO.  .  It is known that NO. in the presence of O2 can

species.  In animal systems GSNO has been reported to function as an intercellular
intracellular NO. carrier, and in plants GSNO was found to be a powerful inducer of 
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defense genes.  As hypothesized previously, GSNO could function as a long-distan
signal molecule, transporting glutathione-bound NO

ce 

 
O  

e 
e 

l., 

 in tobacco plants that NO  and peroxynitrite inhibit 
catalase and APX activity, the two major H2O2-scavenging enzymes of plant 

f 
the peroxisomal production of O2  and NO  radicals takes place, this can lead to the 

mal 
ate an overproduction of H2O2 in peroxisomes and a 

toxic situation to the plant cell.   

. 

ions of NO  have been reported to have protective 
antioxidant properties mainly by its effect diminishing metal-catalyzed lipid 
peroxidation (Joshi et al., 1999). 
 
Accordingly, peroxisomes should be considered as cellular compartments with the 
capacity to generate and release into the cytosol important signal molecules such as 
O2

.- , H2O2, NO. , and possibly S-nitrosoglutathione (GSNO, a reactive nitrogen oxide 
species) which can contribute to achieve a more integrated communication among cell 
compartments both under normal physiological conditions and in response to biotic and 
biotic stress (Corpas et al., 2001). 

m catalase, such 
s SOD, the components of the ascorbate-glutathione cycle, the NADP-dehydrogenases 

 

. throughout the plant.   
In animal systems, catalase and glutathione peroxidase activity are down-regulated 
by NO., whereas the activity of the peroxisome β-oxidation is enhanced by NO. . This has
been proposed as the mechanism responsible for the H2O2-associated cytotoxicity of N .

in peroxisomes, cytoplasm and mitochondria of animal cells.   
 
Under normal physiological conditions, the producing by peroxisomes of th
EMODs, H2O2 and O2

.- should be adequately controlled by catalase and ascorbat
peroxidase (APX) and SOD, respectively, which are present in peroxisomes.  
Catalase is known to be inactivated by light and different stress conditions that 
suppress protein synthesis (Schafer and Feierabend, 2000), and in these conditions, an 
increase in the peroxisomal generation of H2O2 and O2

.- can take place (del Rio et a
1992, 1996).  Superoxide radicals are known to inhibit catalase activity (Kono, Y. 
and Fridovich, I.  1982. superoxide radicals inhibit catalase. J.B.C. 257, 5751-5754) and 
very recently it has been reported .

peroxisomes.  In addition, in animal cells an enhanced synthesis of nitric oxide was 
found to increase the peroxisomal H2O2-producing β-oxidation.  Taken together, 
these data mean that if, under any type of plant biotic and/or abiotic stress an induction o

.- .

inhibition of catalase and APX activities and, possibly to an increase of the H2O2 
level from the enhanced fatty acid β-oxidation.  This breakdown of the peroxiso
antioxidant defenses would origin

 
Numerous studies carried out in recent years have suggested that low levels of NO. and 
EMODs, like H2O2 and O2

.- , are involved as signal molecules in many physiological 
processes, including the hypersensitive response to pathogens, growth and development
 
In animal systems, low concentrat .

a
 
The existence of a reactive oxygen metabolism in plant peroxisomes and the presence in 
these organelles of a complex battery of antioxidative enzymes apart fro
a
and the NO. – generating enzyme nitric oxide synthase, suggest novel roles for these 
organelles in cellular metabolism (del Rio, L.A., Corpas, F.J., Sandalio, L.M., Plama,
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J.M., Gomez, M. and Barroso, J.B.  Reactive oxygen species, antioxidant systems and 
nitric oxide in peroxisomes.  J Experi Bot  2002; 53(72): 1255-1272). 
 
Recent studies with such model systems have revealed various strategies and identifie
several mechani

d 
sms through which peroxisomes organize the processes of development, 

ifferentiation and morphogenesis in evolutionarily distant organisms. 

), namely 

 
se 

gnaling molecules are potent cellular messengers that function in intra- and 
tress-

t two steps of the biosynthesis of plasmalogens, which are 
specially abundant in nervous tissue and central white matter, occur in 

sis 

ecause lipids are required for the infectivity of HIV and RV, specifically for 
ral 

he challenge remains to define how the peroxisome communicates with other 
mote certain developmental decisions (Titorenko, V.I. and 

Rachubinski, R.A.  The peroxisome:  orchestrating important developmental decisions 
  2004; 164(5): 641-645). 

I believe that the following interrelationships illustrate the self-control aspect of 
EMODs and the involvement of biofeedback mechanisms to help control their levels.  

 sole control mechanism for EMOD levels. 
Thus, overall, we have learned the following interactions: 

↑  NO.   ↓ CAT   ↓  GPX 

↑  NO.   ↓  β-oxid  ↑  H2O2    

  NO.  & ONOO  ↓  CAT 
 

d
 
Peroxisomes in plants produce and release reactive oxygen species (EMODs
hydrogen peroxide and superoxide radicals, and nitric oxide (NO) (Corpas, F.J., 
Barroso, J.B. and de Rio, L.A.  Peroxisomes as a source of reactive oxygen species and
nitric oxide signal molecules in plant cells.  Trends Plant Sci  2001; 6: 145-150).  The
si
intercellular signaling and regulate the transcription of peroxisome- and s
related genes. 
 
In mammalian cells, the firs
e
peroxisomes (Gould, S.G., Valle, D. and Raymond, G.V.  The peroxisome biogene
disorders.  In The Metabolic and Molecular Bases of Inherited Disease.  C.R. Scriver, 
A.I. Beaudet, W.S. Sly and D. Valle, editors McGraw-Hill, New York, 3187-3217). 
 
B
myristylation of Nef and VP4, it has been suggested that lipid modification of these vi
proteins inside the peroxisome is an essential step in the development of both viruses 
(Cohen et al., 2000). 
 
T
organelles in order to pro

from inside the cell.  J Cell Bio
 

I do not believe that antioxidants are the

 

 

 
↑

↑  NO.   ↑  H2O2-producing β-oxidation 
 
↑  light  ↓  CAT   ↑  H2O2  & O2

.-  
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↑  O2
.-   ↓  CAT  

↑  H
 
 

n important observation here is that any increase in No. production ultimately leads to 
es CAT activity, which leads to 

creased levels of H2O2.  Increased light increases H2O2.  Thus, many factors acting in 
sly and independently to increase H2O2 levels. 

 

s 

s 

8.0%, 

D group (P < 0.05). CONCLUSION: These 
findings suggested that the reduction in serum SOD activity in elderly patients may be 

sis 
, 

utase 

 and 

 play a 

 
2O2  ↓  SOD  

A
increased levels of H2O2.  Also, increases in O2

.- decreas
in
the peroxisome act simultaneou

Three levels:  ambivalent effects (RMH 3-20-05) 
• Toxic levels 
• Homeostatic levels 
• Beneficial levels 

 
7.9.5     35.02 Superoxide and Superoxide Dismutase 
 
7.9.6 SOD and Gastric Cancer 
 
Little information is available regarding the clinical evaluation of antioxidant defense in 
patients with gastric cancer. Serum SOD activity in 34 patients with gastric cancer wa
estimated and the data compared with clinicopathological parameters. The mean serum 
SOD activity in the patients was 15.9% +/- 2.6%, which was higher than the value 
obtained in healthy donors. The serum SOD activity in patients over 70 years of age wa
14.5% +/- 3.0%, which was significantly lower than the value of 16.6% +/- 7.3% in those 
under 70 years of age (P < 0.01). According to the stage of disease, the reduction in 
SOD activity in the patients aged over 70 years was significant in those with far 
advanced tumor, classified as stage IV (P < 0.01), but not in those with stage I-III 
disease. When the cutoff value for high- and low-SOD groups was determined as 1
based on the median value for serum SOD activity in 15 patients with stage IV gastric 
cancer, the survival rate of patients with stage IV tumor was significantly higher in 
the high-SOD group than in the low-SO

due to weakness of the antioxidant defense of the host, thus resulting in a poor progno
in those with far-advanced (stage IV) gastric cancer (Yasuda M, Takesue F, Inutsuka S
Honda M, Nozoe T, Korenaga D. Prognostic significance of serum superoxide dism
activity in patients with gastric cancer. Gastric Cancer. 2002;5(3):148-53).  I disagree 
with the authors’ interpretation of their results.  I believe that the high SOD 
resulted in increased production of H2O2 (a more potent oxidizer than superoxide) 
and this resulted in increased cancer kill or control (decreased cancer growth)
consequently, increased survival rates. 
 
The mechanisms underlying the frequent development of carcinomas associated with 
ulcerative colitis (UC) are not understood. Cellular antioxidants are thought to
crucial role in protection against neoplastic disease. The purpose of this study is to 
investigate a critical balance between free radical activity and the antioxidant defense 
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system in carcinogenesis associated with UC, using a model of experimental colitis 
induced in mice by dextran sulfate sodium (DSS) treatment. Colonic neoplasms inclu
dysplastic epithelium and invasive carcinoma developed in 28.6 and 25.0% of the 
animals at the end of the third and fourth cycles, respectively. In accordance with 
elevation of serum TNF-alpha level, there was a substantial increase in MDA in the 
colonic mucosa, while tissue SOD activity tended to be suppressed during the DS
treatment periods. Dysplastic epithelium and invasive carcinoma revealed 
significantly lower SOD levels compared with colo

ding 

S 

nic colitis, although MDA levels 
ere not statistically different among these colonic diseases. The results obtained in this 

l 
sociated with UC. (c)2001 Elsevier Science (Korenaga D, 

akesue F, Kido K, Yasuda M, Inutsuka S, Honda M, Nagahama S. Impaired antioxidant 
 colonic tissue and cancer development in dextran sulfate sodium-

duced colitis in mice. J Surg Res. 2002 Feb;102(2):144-9).  I believe that this study 

 

 

e 

 
havior, 

ET scans and fRMIs show that the vast majority of the brain is active. During human 
d, 

he 

  
e, and more neuron- neuron connection are 

all examples of the plasticity of the brain. In one study designed to show the effects of 

w
experimental model suggest that an impaired antioxidant defense system might be critica
for cancer development as
T
defense system of
in
shows that the decreased levels of SOD, which generates H2O2 from O2

.-, thus, 
decreases the prooxidative protective state.  This decrease in the EMODs and 
prooxidative state “allows” for cancer formation. 
 
8.0      37.10 Free Radicals:  The Aging Brain and Age-Related Neurodegenerative 
 Disorders 

8.0.0 The Brain 
 
The human brain is about 3 pounds, using an in proportionate 20% of the body’s 
oxygen- rich blood, but is only 2% of the body’s total weight. The significance of the
brain receiving so much of the body’s energy supply reveals its ability to perform 
important functions. Some believe that the heart and the lungs main function is to provid
the brain with oxygenated blood, but obviously, their function is to provide oxygen and 
nutrients to the entirety of the body and to remove waste products of metabolism. 
 
The statement that we use only 10% of our brain was first coined by William James, a 
philosopher and psychologist. Some professionals have even stated even lower 
percentages, like Margaret Mead saying that we use 6% of our brain.  The 1012 neurons 
in the brain have not all been researched for activity, but researchers have found no 
evidence for unused abilities or large, unused regions of the brain.  At any given point in
time, about 5% of the neurons are active, but over time and change of ones be
P
development, connections are being built at the speed of about 3 billion a secon
reaching 1,000 trillion connections in the whole brain.  Neurons are produced at t
rate of 250,000/min.  Humans lose approximately 100,000 neurons each day after 
age 30 and the cortex loses about 30% of its neurons between adulthood and age 90.
An increase in neuron size, thicker cerebral siz

rats in a rich and stimulating environment, found that the rats brain weight increased by 
about 7-10% after 60 days, with synaptic connections increasing by about 20%. 
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"The average power consumption of a typical adult is about 100 W."  ("Body, 
Physics of." Macmillan Encyclopedia of Physics. New York: Macmillan, 1996).  The 
brain consumes energy at 10 times the rate of the rest of the body per gram of tissue. The 

In 1955, Albert Einstein's brain was preserved for research. Three scientific papers have 
d 

ed 
s 

ale brain (about 
1,400 grams). The thickness of Einstein's cerebral cortex was thinner. However, the 

average power consumption of a typical adult is 100 Watts and the brain consumes 20% 
of this making the power of the brain 20 W. 

Glucose is the main energy source for the brain. As the size and complexity of the brain 
increases, energy requirements increase. The human brain is one of the most energy 
and oxygen hungry organs in the body thereby increasing its vulnerability. If the 
energy supply is cut off for 10 minutes, there is permanent brain damage. There is no 
other organ nearly as sensitive to changes in its energy supply. 

been published examining the features of Einstein's brain. Albert Einstein's brain differe
to normal men's brain in that his brain had more glial cells per neuron that might indicate 
that neurons in Einstein's brain had an increased "metabolic need"-- they needed and us
more energy. As I have pointed out previously, glial cells produce EMODs.  Einstein'
brain weighed only 1,230 grams, which is less than the average adult m

density of neurons in Einstein's brain was greater. In other words, Einstein was able to 
pack more neurons in a given area of cortex. 

The most recent study concerning Einstein's brain was published in the British medical 
n of the brain that governs 

g 
e allowing better connection between its 

ly. 

 billion neurons = 25,000 m2, the size of four soccer 
fields (Bear, M.F., Connors, B.W. and Pradiso, M.A., Neuroscience: Exploring the Brain, 
2nd edition, Baltimore: Lippincott Williams and Wilkins, 2001, p. 97) 

Number of synapses for a "typical" neuron = 1,000 to 10,000 
Diameter of neuron = 4 micron (granule cell) to 100 micron (motor neuron in cord) 
Diameter of neuron nucleus = 3 to 18 microns 
Length of Giraffe primary afferent axon (from toe to neck) = 15 feet 

8.0.1 Brain Blood Supply  

% brain utilization of total resting oxygen = 20% 

0 g/min 
Cerebral blood flow = 55 to 60 ml/100 g brain tissue/min 

journal The Lancet, on June 19, 1999. They found that a portio
mathematical abilities and spatial reasoning -- 2 key ingredients to the sort of thinkin
Einstein did best -- was 15% wider than averag
cells, which could have allowed them to work together more efficient

Membrane surface area of 100

% blood flow from heart to brain = 15-20%  
Blood flow through whole brain (adult) = 750 ml/min 
Blood flow through whole brain (adult) = 54 ml/100 g/min 
Blood flow through whole brain (child) = 105 ml/10

Cerebral blood flow (gray matter) = 75 ml/100 g brain tissue/min 
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Cerebral blood flow (white matter) = 45 ml/100 g brain tissue/min (Rengachary, S.S. 
Ellenbogen, R.G., editors, Principles of Neurosurgery, Edinburgh: Elsevier Mosby, 2005

Oxygen consumption whole brain = 46 cm

and 
) 

 = 3.3 ml/100 g/min 
Blood flow rate through each internal carotid artery = 180 ml/min 

 brain is 10-50 times the number of neurons. 

ndgaard, M.J., Gundersen, H.J.G., Nyengaard, J.R. and Regeur, L. Aging 

.J.G. Neocortical neuron number in humans: effect of sex and age. J. Comp. 

03) 

Average loss of neocortical neurons = 1 per second (Pakkenberg et al., 1997; 2003) 
(young adults ) = 39 billion (Pakkenberg et al., 

1997; 2003) 
Average number of neocort llion (Pakkenberg et al., 
1997; 2003) 
Length of myelinated nerve fibers in brain = 150,000-180,000 km (Pa

003) 
 quadrillion (Pakkenberg et al., 1997; 2003) 

ce number of neurons in the right and left hemispheres = 186 million MORE 
 on left side than right side (Pakkenberg et al., 1997; 2003) 

tion of Brain and Muscle 

Composition of Brain and Muscle

3/min 
Oxygen consumption whole brain

Blood flow rate through basilar artery = 380 ml/min 

Average number of glial cells in

Number of neocortical neurons (females) = 19.3 billion (Pakkenberg, B., Pelvig, D., 
Marner,L., Bu
and the human neocortex. Exp. Gerontology, 38:95-99, 2003 and Pakkenberg, B. and 
Gundersen, H
Neurology, 384:312-320, 1997.) 

Number of neocortical neurons (males) = 22.8 billion (Pakkenberg et al., 1997; 20
Average loss of neocortical neurons = 85,000 per day (~31 million per year) 
(Pakkenberg et al., 1997; 2003) 

Average number of neocortical glial cells 

ical glial cells (older adults) =36 bi

kkenberg et al., 
1997; 2
Number of synapses in cortex = 0.15
Differen
neurons

8.0.2 Composi

 Skeletal Muscle (%) Whole Brain (%) 

Water 75 77 to 78 

Lipids 5 10 to 12 

Protein 18 to 20 8 

Carbohydrate 1 1 

Soluble organic substances 3 to 5 2 

Inorganic salts 1 1 

(Reference: McIlwain, H. and Bachelard, H.S., Biochemistry and the Central Nervous 
System, Edinburgh: Churchill Livingstone, 1985) 
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The 10,000 or so synapses per cortical neuron are not established immediately. On the
contrary, they proliferate in successive waves from birth to puberty in man. . . . One has 
the impression that the system becomes more and more ordered as it receives 
"instructions" from the environment, as was stated by Jean-Pierre Changeux.  Although 
weighing only about 1300 to 1500 grams (three to four pounds), the human brain 
contains over 11 billion specialized nerve cells, or neurons, capable of receiving, 
processing, and relaying the electrochemical pulses on which all our sensations, acti
thoughts, and emotions depend.  But it is not the sheer number of neurons alone that is 
most striking about the brain

 

ons, 

, but how they are organized and interconnected. 

ariety 
 
 

 
organisms on our planet. 

y 

f 

 "cerebellum" (Latin for "little brain"). 

 keeps its three major components, but with two new 
ructures. The neocerebellum ("new cerebellum") is added to the cerebellum, looking 

 

e of 

Roger Sperry worked on brain development, for which he shared a Nobel Prize in 1981. 
in the 

ere 

The brain itself is typically divided into three specialized segments, the protocerebrum, 
the deutocerebrum, and the tritocerebrum. In addition, insects possess a greater v
of sensory receptors than any other group of organisms, including vertebrates, that are
sensitive to the odors, sounds, light patterns, texture, pressure, humidity, temperature, and
chemical composition of their surroundings. The concentration of these sensory organs 
on the insect's head provides for rapid communication with the tiny yet capable brain 
located within.  It is the evolution of their brains, together with the complementary 
evolution of their other body parts, that make insects the most abundant multicellular

The brain becomes both much larger and still more complex as we move to vertebrates 
such as fish, amphibians, and reptiles. The spinal cord, now protected within the 
vertebrae of the backbone, has become primarily a servant of the brain, a busy two-wa
highway of communication with fibers segregated into descending motor pathways 
and ascending sensory ones. The brain itself is now composed of a series of swellings o
the anterior end of the spinal cord (the brain stem), the three major ones making up the 
three major parts of the vertebrate brain: the hindbrain, midbrain, and forebrain. From the 
hindbrain sprouts a distinctive structure, the

Among mammals, the brain
st
much like a fungal growth at the base of the brain, and the neocortex ("new cortex") 
grows out of the front of the forebrain. In most mammals, these new additions are not 
particularly large relative to the brain stem. In primates they are much larger, and in the
human they are so large that the original brain stem is almost completely hidden by this 
large convoluted mass of grey neural matter. In keeping with this remarkable increas
neocerebellar and neocortical tissue, humans enjoy the largest ratio of brain weight to 
body weight of any of earth's creatures. 

8.0.3 Brain Development 
 

This research in the 1950s involved disturbing the normal location of nerve fibers 
developing brains of fish and rats. For example, nerve fibers that normally connect the 
top part of the fish's retina with the bottom part of the brain, called the optic tectum, w
surgically removed and reconnected to the top part of the optic tectum. Despite this 
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modification, the nerve grew back to its normal position in the brain. Similar experiments
carried out by other researchers on rats indicated that fibers that innervate muscles also
"knew" to which muscle they should be attached and made their proper connectio
despite surgical disturbances. This led Sperry to conclude that the connections of the 
nervous system are completely specified in the organism's genes. 
 
But there is a vexin

 
 

ns 

g problem with the notion that the genome provides complete 
formation for the construction of the nervous system of humans and other mammals. It 

at our genes simply do not have enough storage capacity to specify all of these 
connections, in addition to including information on the location and type of each neuron 
plus similar information for the rest of the body. The problem is not unlike trying to save 
a document made up of 100 million characters on a computer disk that can hold only 1.4 
million characters. 

 

te cerebrum of simple 
animals to the complex organ of about 1350 grams in man." 

al. 

e 
e for the 

rmation and maintenance of tens of thousands of synapses.   

  

dditionally, I ask, “Isn’t it curious that three crucial organs of the body (heart, 
that 

a further complication, in 
ur evolutionary ascent to the top of the phylogenetic tree, is the fact that we do not 

in
is estimated that just the human neocortex alone has about 1015 (one followed by 15 
zeros, or one thousand million million) synapses.  Since the human genome has only 
about 3.5 billion (3.5 x 109) bits of information (nucleotide base pairs), with 30% to 
70% of these appearing silent, some neural and molecular scientists have concluded 
th

 
In 1981, Sarnat and Netsky said that "human beings have caused greater changes on
earth in 10,000 years than all other living things in 3 billion years. This remarkable 
dominance is related to the development of the brain from the minu

 
The normal development of the brain depends on a critical interaction between 
genetic inheritance and environmental experience. The genome provides the general 
structure of the central nervous system, and nervous system activity and sensory 
stimulation provide the means by which the system is fine-tuned and made operation
 
Chageaux noted that once a nerve cell has become differentiated it does not divid
anymore. A single nucleus, with the same DNA, must serve an entire lifetim
fo
 
I believe that this is remarkable for brain cells which use very high amounts of O2, 
have high levels of lipids (over 50% by dry weight), have high levels of nonheme 
iron, produce high amounts of EMODs and have low levels of antioxidant enzymes. 
To me, it does not make sense that such a vulnerable, post-mitotic cellular system 
could survive for a life time, if it was under the constant attack of harmful and 
damaging EMODs.  Ergo, I ask, “How toxic are EMODs?”  Thus, I conclude that 
EMODs are not very harmful to brain cells and in fact, I submit that they are 
needed by neurons for normal physiological and biochemical functioning. 
 
A
brain and lungs), which use extremely high levels of oxygen, have evolved such 
they have innately low levels of antioxidant enzymes?”  If there is any credence to 
the Free Radi-Crap theory of oxidative stress and aging, 
o
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synthesize many of the low molecular weight antioxidants and they must be ingested
in the diet.  I ask, “How could natural selection have been so faulted during its last
2.3-2.5 million years of evolution?”  Many bugs, birds and other mammals ca
this. Thus, I ask, “How could man’s evolutionary process be so lacking and 
incomplete?” 

 
 

n do 

 

s 
cation makes us 

ore immune to disease and premature aging. And the earlier the educational 
mental 

eing left or right brain dominant does not imply that the non- dominant hemisphere of 

e on one side of the brain to solve intellectual issues and physical issues, like 
nilateral thinking and headaches and insomnia. Our bodies strive for homeostasis, 

being left or right brained dominant.  
 

 with 

 

 

 
Please keep asking yourself, “Just how toxic are EMODs?”  Many individuals 
produce exponential numbers of EMODs, from exponential numbers of cells, and
appear to do so for a life time without untoward effects. 
 
There is evidence that humans can build more brain capacity through specific exercise
that increase neuronal connections and efficiency. It appears that edu
m
exercises occur, the increased the mental capacities become. If one performs these 
exercises throughout their life, it is like getting a booster shot of mental capabilities. 
 
B
the brain is not active at all. Many of the activities that humans perform everyday use 
both right and left brain specialties, such as sensory input. Hemisphericity is a 
dependenc
u
which can not be achieved by 

In fact, I believe that the quest for homeostasis should be considered a major 
physiological and biochemical “drive.”  In my opinion, it ranks right up there
the “drive to ingest oxygen.“ 
 
Perhaps the plasticity of the brain can lead to a more holistic brain, functioning in right 
and left brain dominant activities, like analyzing math problems and addressing issues of 
emotion. 

8.0.4    Alzheimer’s Disease 

In Alzheimer's disease, the earliest changes occur in the hippocampus and then 
spread to other areas of the brain, especially the temporal and parietal lobes. The 
hippocampus is a tiny, sea horse-shaped organ that is one of the most sensitive parts of 
the brain. It is more vulnerable to the effects of reduced oxygen and glucose supply 
than any other part. It lies near the middle of the brain, one hippocampus on the right side 
and another on the left. This organ is very important for the “when,” “what,” and “where”
memories.  

The human brain, although weighing in at a mere three and a half pounds, is very much a 
heavyweight. Nearly half of all the blood pumped from the heart goes 
directly to the brain, even though this organ accounts for a mere fraction of the 
entire body weight. A constant supply of sugar (glucose) is produced by the body at 
all times to keep the brain nourished.  The billions of nerve cells are in constant 
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activity, whether you are awake or asleep, constantly producing electrical signals. W
new imaging techniques, activity in areas 

ith 
of the brain as small as a grape seed or as large 

as an orange can be measured as various tasks are performed.  

t 

told 
on. "There is increasing 

evidence that we can do something for ourselves in terms of preventing this disease," Dr. 
 

obally may have dementia, and those 
numbers will rise as the population ages. 

he test 

here is no cure. So 
experts are looking for ways to prevent it. 

 

Sager of the University of Wisconsin and 
colleagues recruited people whose parents had Alzheimer's and found one clear way to 

 

ducation and a healthy youth may override genes in determining who gets Alzheimer's 
disease, says a provocative new study of dementia patients and their healthy identical 

ins. Researchers combed Sweden's twin registry to find 109 identical twins where one 
had Alzheimer's or another form of dementia but the other remained healthy. Then they 

n 

 

More surprising were two early-in-life factors: 

Painless brain scans and simple blood tests may offer ways to predict who has the highes
risk of Alzheimer's disease, and it may be possible to lower risks by drinking juice 
daily, researchers said. The occasional alcoholic drink may also help, researchers 
a prevention conference sponsored by the Alzheimer's Associati

Ron Peterson of the Mayo Clinic in Rochester, Minnesota, told a news conference on
6/19/05.  As many as 25 million people gl

Alison Godbolt of the Institute of Neurology in London used a brain scan called magnetic 
resonance spectroscopy in people who have a genetic flaw that makes them almost 100 
percent certain to develop Alzheimer's, as well as people without the mutation. T
looked for two compounds -- N-acetyl aspartate and myo-inositol and found their 
levels could predict which patients developed Alzheimer's.  

So far, drugs can temporarily slow Alzheimer's progression, but t

Amy Borenstein of the University of South Florida and colleagues found Japanese-
Americans who drank the most fruit and vegetable juice had a fourfold lower risk of
developing Alzheimer's than similar people who drank little or none. Their study of 
1,800 people covered 30 years. Mark 

predict who would also get the disease -- how much alcohol they drank. He found that
moderate drinkers had a lower risk of Alzheimer's than either non-drinkers or 
heavy drinkers.  "It is truly moderate intake that is protective."  

E

tw

checked the twins' medical histories. 

Having had a stroke increased the chances of dementia six-fold, not surprising as 
cardiovascular disease has long been considered a risk factor, scientists reported at a
Alzheimer's Association conference on the quest to prevent the disease in June of 2005. 
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_Twins who had had early periodontal disease — leading to loose or lost teeth by ag
35 — had a fourfold increased risk of dementia. Gum disease is a sign of poor child 
health in general. It's also an inflammatory disease; inflammation increases the risks of 
numerous disorders later in life. 

_Those with less high school and college education had 1.6 times the risk of 
dementia. Mental stimulation throughout life is thou

e 

ght to be brain-protective. 

," said lead researcher Dr. Margaret 
Gatz of the University of Southern California, who was surprised to find education's role. 

played 
ase finding. Now 

she's exploring other factors. The bottom line: "Good brain health ... in old age reflects 

ndrion 

ork 

ates, fats, and protein is called metabolism. 
These molecules are then transferred into the mitochondria, where further processing 

is 
. The 

 process is ATP. 

 in the mitochondrial electron transport chain, which is 
comprised of 4 complexes (complex I-IV).  The production of O2

.- occurs at two distinct 

"I'd thought at first the story would be in the genes

In interviews, surviving twins spoke about how a sibling was never as interested in 
school or struggled with it. Gatz immediately wondered if childhood infections 
some role in their early brain development, which led to the gum dise

influences that begin much earlier in the life span." 

8.0.5 Energy production in the Mitocho

Some of the following material was excerpted, abstracted or modified from and article 
by:  Russell P. Saneto, D.O., Ph.D., Children’s Hospital and Regional Medical 
Center/University of Washington School of Medicine, Seattle, WA. 

The main function of the mitochondrion is the production of energy, in the form of 
adenosine triphosphate (ATP). The cell uses this energy to perform the specific w
necessary for cell survival and function. 

The raw materials used to generate ATP are the foods that we eat, or tissues within the 
body that are broken down in a process called catabolism. The breaking down of food 
into simpler molecules such as carbohydr

occurs. The reactions within the mitochondria produce specific molecules that can have 
their electrical charges separated within the inner mitochondrial membrane. These 
charged molecules are processed within the four electron transport chain complexes to 
finally combine with oxygen to make ATP. The process of the charged substances 
combining with oxygen is called oxidation, while the chemical reaction making ATP 
called phosphorylation. The overall process is called oxidative phosphorylation
product produced by this

EMODs are produced primarily

places, complex I (NADH dehydrogenase) and complex III (ubiquinone-cytochrome c 
reductase), which is the primary site.  The unstable intermediate in the Q cycle (Q.-) can 
lead to O2

.- formation by transferring  electrons directly to molecular oxygen and this 
process is nonenzymatic and hence the higher the metabolism, the greater the 
production of EMODs. 
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8.0.6 Programmed cell death 

Cell death can occur either by injury due to toxic exposure, by mechanical dam
an orderly process called programmed cell death or apoptosis. Programmed cell d
occurs during development as the organism is pruning away unwanted, excess c
It also occurs during infections with viruses, cancer therapy, or in the immu
response to illness. The process of programmed cell death is another function of 
mitochondria. 

age, or by 
eath 
ells. 

ne 

Normally, ATP production is coupled to oxygen consumption. During abnormal states 
, or when dysfunction occurs within the mitochondria, 

more oxygen is consumed or required than is actually used to make ATP. The 

 
ell 

Other functions of mitochondria are related to the cell type in which they are found. 
cling products needed for 

proper cell functioning. For example, some of the building blocks of DNA and RNA 
occur within t
blood and hor
cholesterol me
ammonia in th
energy produc
be affected. 

8.0.8 Oxygen 

n 
 of 

ples 
ase 

rebral blood flow, glucose utilization or oxygenation.  

 
 

such as fever, cancer, or stroke

mitochondria become partially “uncoupled” and produce highly reactive oxygen 
species called free radicals.  When the production of free radicals overwhelms the 
mitochondria’s ability to “detoxify” them, the excess free radicals may damage 
mitochondrial function by changing the mitochondrial DNA, proteins, and membranes.
As this process continues, it can induce the cell to undergo apoptosis. Abnormal c
death due to mitochondrial dysfunction can interfere with organ function. 

8.0.7 Cell-specific functions 

Mitochondria are involved in building, breaking down, and recy

he mitochondria. Mitochondria are also involved in making parts of 
mones such as estrogen and testosterone. They are required for 
tabolism, neurotransmitter metabolism, and detoxification of 
e urea cycle. Thus, if mitochondria do not function properly, not only 

tion but also cell-specific products needed for normal cell functioning will 

and the Brain 

As its primary energy source, constant supplies of glucose and oxyge
are critical to brain function, a fact that is highlighted by findings
cognitive impairments associated with situations where the ability to 
regulate the supply of the brain’s energy sources are decreased. Exam
of such situations include aging, high altitude and the hypoglycemic ph
of diabetes. Conversely, a number of newly developed nootropics or 
"smart drugs" are believed to have their cognitive enhancing effect 
through targeting ce

As a nutrient, oxygen has no substitute – unlike fat, carbohydrate and
protein which are, for the most part metabolically interchangeable.
Although higher animals use molecular oxygen in the synthesis of a great 
variety of important chemical compounds that act as regulators and 

Page 604 of 931 



constituents of cellular metabolism, e.g. catecholamines and serotonin 
(Gibson et al. 1981), the amount of oxygen used for such purpose
minor compared to that consumed for energy production (Forster and 
Eastabrook 1993).  

The brain is disproportionately metabolically active for its siz
accounting for up to 30% of an organism’s total basal energy 
expenditure, whilst comprising only around 2–3% of total body mass 
(Siebert et al. 1986; Krassner 1986). The brain is remarkable in its 
dependence on the blood for its immediate and constant supply of 
oxygen and other essential energy substrates (e.g. glucose). Any 
interruption in their delivery leads within seconds to unconsciousness a
within minutes to irreversible changes resulting in cell death. By 
comparison to the rest of the viscera it may be seen as a very vulnerab
organ, sensitive to small and transient fluctuations in the supply 
mechanisms on which it relies (Bradford 1985). Despite this there are, 
paradoxically, low levels of essential metabolic resources

s is 

e, 

nd 

le 

 stored within 
the brain. Glycogen storage levels in liver, muscles and brain are in 

 
e 

d Wood et al. (1993). There is 
also indirect evidence that even fleeting fluctuations in cerebral oxygen 

 

ents and 
rm 
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he 
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the ratio of 100/10/1, with brain levels being in the region of 2-4 µ 
mol/g of tissue, an amount capable of sustaining function for up to 10
minutes (Marks and Rose 1981). By comparison there is no storag
capacity for oxygen with a disruption of supply having an almost 
instantaneous effect (Yamatoto et al. 1993). This means that oxygen 
delivery must be adjusted within seconds in response to changes in 
metabolic rate. Under normal conditions metabolic activity is limited by 
the rate of oxygen delivery (Forster and Eastabrook 1993). 

The effects of ischemic oxygen deprivation on cognitive function have 
also been widely documented. Mnemonic deficits in humans have been 
described by Volpe and Hirst (1983), and Graf et al. (1985); and in 
animals by Zola-Morgan et al. (1992), an

delivery within normal physiological limits can impact on cognitive 
performance, (Sandman et al. 1977). To date however, few authors have 
examined the effects of specifically enhancing oxygen availability through
oxygen administration. Edwards and Hart (1974) examined the effects of 
hyperbaric oxygen administration on healthy elderly outpati
found substantial improvements in performance on tests of short te
memory and visual organization, but their conclusions are tentative du
the lack of a comparative control group. 

Most organs in the body are able to utilize many substrates present in t
blood. They are able to absorb and metabolize a wide range of amino, k
and fatty acids for example, in addition to glucose, and the supplies of all 
these substances are fully adequate to maintain normal function. Such 
not the case for the brain which relies solely on the oxidative 
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metabolism of glucose for its energy requirements (Siesjo 1978). 
(RMH Note: Other authors state that the brain prefers fats as a
energy source.).  At rest the brain consumes 17 calories per 100 grams 
of brain tissue per minute (Siebert et al. 1986). Kadekaro et al. (1985) 
demonstrated that electrical stimulation of the sciatic nerve produced 
increases of up to 150% in metabolic rate where the afferent terminals 
made synapses with dendrites. This indicates that local activation leads to
large scale changes in local metabolism, and by virtue in glucose and 
oxygen utilization. The normal arterial concentration of glucose is 
5.5mM/L, and the normal level of oxygen is equivalent to 0.12mM/L. 
As 6 molecules of oxygen are required to oxidize 1 molecule of 
glucose, then from the standpoint of supplying these metabolic needs, the 
concentration of glucose is 27

n 

 

5 times greater than that of oxygen in the 
extracellular fluid at the surface of the cell. Thus oxygen turnover is the 

. 

 some 
 anaerobic metabolism. This provides less energy and leads to 

the accumulation of toxic end products, but allows a level of baseline 
 

ters the 

 The enzymes that catalyze the reactions of the tricarboxylic acid (TCA) 

 pyruvate which is therefore 
transported across the membrane by a special carrier system. Once inside 

s a 
unit and two molecules of CO2. The rest of the metabolism of 

DH and 

SH + 2CO2 
 +2H+ 

 +

highest amongst the essential nutrients (Forster and Eastabrook (1993)
Such times of high cellular demand for energy as mentioned above, (and 
more importantly in terms of this thesis, during cognitive processing) may 
outstrip the supply of oxygen and the cells may have to fall back (to
degree) on

cellular metabolism until physiological responses can restore supply to the
required levels (Rose 1966).  

Once glucose has entered cells it undergoes the process of glycolysis in 
the cytosol, thereafter pyruvate, the main product of glycolysis, en
tricarboxylic cycle in mitochondria. It is through these complex series of 
reactions that ATP the ‘universal energy currency of nature’ is 
produced.  

cycle are located in the mitochondria. The membrane of the 
mitochondria is not permeable to

the mitochondrion pyruvate is decarboxylated and combines with 
coenzyme A to produce acetylcoenzyme A (Acetyl Co A), which carrie
two-carbon 
glucose is made up of the conversion of acetyl Co A into CO2, NA
FADH2, which can be described by: 

CH3CO~SCoA + 3NAD+ + FAD + GDP + Pi + H2O → CoA
+ 3NADH + FADH2 + GTP

Where NAD / NADH = Nicotinamide Adenine Dinucleotide ; FAD/FADH2 = Flavin 
Adenine Dinucleotide ; GDP = Guanosine 5-Diphosphate, and GTP = Guanosine 5-
Triphosphate. 
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The most important purpose of the TCA cycle however is the 
production of NADH and FADH2, which then feed electrons into the 

The phosphorylation of ADP to ATP is the key to this system, and can be 

Where ADP = ade osine di phosphate; P  = inorganic phosphate, and H+ = proton.  

xidative phosphorylation, while 0-
5% is derived from lactate production (Kintner et al. 1984; Hawkins et 

The electron transfer chain in oxidative phosphorylation is in reality a 
ble 

his 
ion 

 then 
 H O. 

 

n 
.  

eeds a 
ate 

disruption of supply can have deleterious consequences. Glucose 
 

ion at 160µ mol/100gm/min (Sokoloff 1960). With a 

electron transfer chain to produce energy in the form of ATP. 

Oxidative Phosphorylation 

defined by the equation: 

ADP3- + Pi
2- + H+ → ATP4- + H2O 

n i

Under normal physiological conditions about 95% of ATP is 
produced by this mitochondrial o

al. 1974).  

series of enzymes which are, by virtue of their molecular constitution, a
to accept electrons. The complete system is quite complex but the 
electron transfer chain has two main functions: 

1) To pump H+ ions across the inner mitochondrial membrane. T
leads to a H+ gradient which acts as the driving force for the convers
(phosphorylation) of ADP to ATP. 

2) The completion of the oxidation of glucose through the transfer of 
electrons to molecular oxygen, the most powerful electron acceptor. 

The final reaction of the electron transfer chain is the movement of an 
electron to cytochrome aa3 and then to oxygen to form O2 which is
able to react with 2H+ from within the mitochondrial space to form 2
Under resting conditions the rate of this chain of reactions is limited by the
availability of reduced cytochrome aa3 (which is usually only partly 
oxidized (Kreisman et al. 1981; Piantadosi et al. 1986)), as oxyge
diffuses readily across the mitochondrial membrane (Roland 1993)

To maintain the oxidative metabolism of glucose then, the brain n
constant supply of oxygen. Certain metabolic intermediates e.g. lact
and pyruvate can substitute for glucose as alternative substrates for 
metabolism (Sokoloff 1989); however there is no such alternative for 
oxygen, and as the brain does not store oxygen, even a transient 

utilization by the brain proceeds at a rate of 31µ mol/100gm/min, and
oxygen consumpt
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global brain blood flow of 57ml/100gm/min, the brain extracts 
approximately 50% of available oxygen and 10% of glucose from 
arterial blood under resting conditions. It should be noted that a limited 
proportion of the oxygen supply is consumed for other neural 
processes than the production of energy, including interactions with 
oxidases and hydroxylases, which are key regulatory enzymes in
metabolic pathways of a number of neuroactive pathways, and the rece
discovered nitric oxide (NO) synthase pathway also consumes oxygen.  

 the 
ntly 

Currently it is not known exactly how much oxygen is consumed during 

d with systemic hypotension 
classically produces maximal lesions in areas where the zones of blood 

ns. 

d 
d effects on human cognitive performance, and that these 

effects result from hypoxia induced by the low levels of available oxygen. 
imited evidence also suggests that such decrements in performance may 

be reversed through oxygen administration. 

It is well known that cognitive decline goes hand in hand with 
dvancing age (albeit not inevitably). Kuhl et al. (1984) and Reige et al. 

(1985) reported that human aging is also associated with decreased 
lucose metabolism, and it is possible that the two are inextricably linked. 

As has been stated above, glucose metabolism is reliant on a sufficient 

 lea

 

 

neural activation. 

Ischemia may be defined as an inadequate supply of oxygen supply in 
relation to demand, and in general terms, is caused by an interruption 
in blood supply. Cerebral ischemia associate

supply from two vessels meet, resulting in ‘watershed’ infarctio
However anatomical variations lead to a wide range of possible 
consequences (Menon 1995) In addition to the interruption in oxygen 
supply, ischemia also depletes the citric acid cycle of its intermediates, 
especially succinate (Taegtmeyer 1978), 

In summary, it is generally accepted that altitudes above 10,000 ft., lea
to profoun

L

a

g

and continuous supply of oxygen
system may be responsible, at

, and any compromise in this delivery 
st in part, for any resultant cognitive 

decline.  
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NOOTROPIC SUBSTANCE FLUENCE CLAIMED MODE OF IN

PIRACETAM 

Increased ATP production. 

Improved cerebral microcirculation. 

HYDERGINE Increased cerebral metabolism. 

Increased cerebral oxygen delivery. 

VINPOCETINE rebral microcirculation. 

and 
glucose. 

Improved ce

Increased ATP synthesis. 

Increased utilization of oxygen 

XANTHINOL NICOTINATE Increased glucose metabolism. 

Increased ATP production. 

GINGKO BILOBA Promotion of vasodilation and increased 
blood flow. 

PHOSPHOTIDYLSERINE Increased glucose metabolism. 

NIMODIPINE Increased cerebral blood flow. 

EMODs are continuously being generated in neurons during normal metabolism 
and neuronal activity.  Sex steroid hormones regulate the activities of a number of 
enzymes of the antioxidant defense system (Huh, K., Shin, S., Choi, J., and Lee, E. Effect 
of sex hormone on lipid peroxidation in liver.  Arch Pharmacol Res 17: 109-114. 1994)
(Azevedo, R., Lavacva, Z., Miyasaka, K., Chaves, S. and Ciri, r.  Regulation of 
antioxidant 

 

enzyme activities in male and female rat macrophages by sex steroids.  Braz J 
Med Biol Res 34: 683-687, 2001).  The sex differences in the SOD and CAT activities 

 

 

itrite 
 

RF) 
thelial NO synthase gene expression:  possible role of 

decreased endothelium-derived superoxide anion production.  Cardiovasc Res 41: 672-
681, 1999). 

might partially explain some of the differences in immune functions reported for males
and females.  Estrogen is a potent regulator of CAT in macrophages and may be 
responsible for the considerable variations during the menstrual cycle.  Investigators
believe that the decreased endothelium-derived generation of O2

.- in response to 
estrogens could account for enhanced EDRF-NO bioactivity and decreased peroxyn
release.  These effects could contribute to the vascular protective properties of estrogens
(Barbacanne, M., Rami, J., Michel J., Souchard, J., Philippe, M., Besombes, J., Bayard, 
F. and Arnal, J.  Estradiol increases rat aorta endothelium-derived relaxing factor (ED
activity without changes in endo
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Estrogen administration induced significant reductions of vitamin C concentrations in 
muscles, the liver and heart following exercise as well as in non-exercised male rats.  
Antioxidant defense enzymes in the brain have been shown to vary during the 
estrous cycle, to be altered following gonadectomy and to differ between the sexes,
suggesting involvement of gonadal hormones in the control of processes which 
protect cells and tissues against oxidative damage (Saicic, Z., Pajovic, S., Korac, B
Spasic, M., Martinovic, J. and Petrovic, V.  Glutathione-dependent antioxidant enzyme 
activities and glutathione content in the rat brain at different stages of estrous cycle.  
Physiol Res 47: 61-67, 1998).   

 

., 

bases.  It is estimated 
that at least 35 different base modifications are formed in reactions with reactive 
oxygen species (McBride, T., Preston, B. and Loeb, L.  Mutagenic spectrum resulting 
from DNA damage by oxygen radicals.  Biochemistry 30: 207-212, 1991).  Oxidative 
stress affects some brain regions more than others, as demonstrated by regional 
differences in steady-state 8-hydroxy-2”-deoxyguanosine levels in the mouse brain.  
Although each brain region exhibits significant differences in antioxidant defenses, the 
capacity to excise the oxidized base from DNA seems to be the major determinant of the 
steady-state levels of oxo (8)dG in each brain region. 

8.0.9 Electron Transport in Mitochondria (Complexes I-IV) 

The body gets energy through the oxidation of food such as glucose and fatty acids. The 
chemical energy contained in these foods is extracted and converted until it reaches a 
common form, the high-energy phosphate bonds of ATP. The hydrolysis of ATP is 
highly favorable and is coupled to a variety of energetically unfavorable processes to 
drive them forward. How is the energy of glucose captured and converted to make ATP? 
Most of the energy of glucose or fatty acids is extracted through oxidation to 
produce the reduced high-energy electron carriers NADH and FADH2. From there, 
the energy is transferred next to the electron transport system associated with the 
mitochondrial inner membrane. This chain includes a series of protein complexes and 
non-membrane cofactors that transfer the electrons from NADH and FADH2 in a series 
of redox reactions from carrier to carrier. Oxygen is the final electron acceptor at the 
end of the chain, resulting in the production of water. The oxygen we breathe, and 
which is transported by hemoglobin in the blood to all of the tissues, serves this purpose 
and allows electron transport to occur. As the electrons pass through the chain, they 

 

 

low 
the 

Oxidative damage of DNA usually involves damage to single 

transfer their energy to the complexes, which use the energy to pump protons out of 
the mitochondrial matrix, creating a proton gradient across the inner mitochondrial 
membrane. The chemical energy that started with glucose, and was transferred to
NADH and FADH2, is then converted to the energy of a concentration gradient. The 
inner mitochondrial membrane is impermeable to protons on its own, so the energy of the
proton gradient is stable, waiting to be recaptured. The energy is recaptured by ATP 
synthase in the inner mitochondrial membrane. This enzyme allows protons to f
back down their concentration gradient across the membrane, and in the process uses 
energy of the gradient to drive ATP synthesis. 
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The movement of the electrons through electron transport, the proton gradient and 
ATP synthesis are all coupled processes that require each other to occur. The cell 
does not store energy as ATP, but only has enough ATP on hand for its immediate 
energy needs. If electron transport ceases or is inhibited, then ATP synthesis also rapidl
halts. This regulation ens

y 
ures that ATP production closely matches the needs of the cell. 

Glycolysis and the Krebs cycle are also closely linked to the energy needs of the cell. The 

 

id 
ed 
n, and 
s to 

le, 
can transport protons to flow across the inner mitochondrial membrane without ATP 

 

as 
 

pling proteins increases heat 
production by allowing protons to flow down their gradient without making ATP and 

ts, 
 

f 

 
ar system. The Reference Dose (RfD) 

for 2,4-dinitrophenol is 0.002 mg/kg/d.  The U.S. Environmental Protection Agency 

are 

abundance of ATP, NADH and pathway intermediates regulates key steps in these 
pathways so they are activated when energy is required to feed the electron transport 
system and they are inhibited when not needed to save metabolic energy. If oxygen is
absent, electron transport and the Kreb's cycle rapidly halt, leaving glycolysis and 
fermentation as the main means of energy production. During aerobic exercise, the rap
consumption of ATP leads to use of the proton gradient to make more ATP, increas
electron transport to regenerate the proton gradient, increased oxygen consumptio
increased activity of the Kreb's cycle and glycolysis to supply high energy electron
drive electron transport. 

Uncoupling agents allow protons to flow across the mitochondrial membrane 
without producing ATP. The chemical compound dinitrophenol (DNP), for examp

synthase. In the presence of dinitrophenol, energy is consumed to pump protons out of
mitochondria, but this energy is not recaptured in chemical form in ATP. Instead, this 
energy is released as heat. Dinitrophenol was once used as a diet remedy to lose 
weight without exercise or diet, but this compound is a metabolic poison and 
resulted in deaths when purposefully given to humans. Proteins also can act 
uncoupling agents in the mitochondria. A mitochondrial uncoupling protein is found in
brown adipose tissue. An increase in the activity of uncou

may serve as protection against cold, as well as a potential means of obesity control. 

Although DNP can cause weight loss by speeding up metabolism, the FDA banned it 
during the 1930s because it can also produce severe skin reactions, jaundice, catarac
disturbances of smell and taste, and agranulocytosis, and a potentially fatal disorder in
which production of blood cells is impaired. 2,4-Dinitrophenol is a yellow solid with no 
smell. It is used in making dyes, wood preservatives, explosives, insect control 
substances, and other chemicals, and as a photographic developer. It once was used in 
diet pills in the 1930s but was banned for this use in 1938.  

2,4-Dinitrophenol is considered to be highly toxic to humans, with a lethal oral dose 
of 14 to 43 mg/kg. The acute (short-term) effects of 2,4-dinitrophenol in humans through 
oral exposure consist of nausea, vomiting, sweating, dizziness, headaches, and loss o
weight. Long-term oral exposure to 2,4-dinitrophenol in humans has resulted in the 
formation of cataracts and skin lesions and has caused effects on the bone marrow,
central nervous system (CNS), and cardiovascul

(EPA) estimates that consumption of this dose or less, over a lifetime, would not likely 
result in the occurrence of chronic, noncancer effects. EPA has determined that there 
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inadequate data for the establishment of a Reference Concentration (RfC) for 2,4-
dinitrophenol. No information is available on the developmental or reproductive effects 
of 2,4-dinitrophenol in humans. Animal studies have reported fetal growth inhibition, but 

enol. No information is 
vailable on the carcinogenic effects of 2,4-dinitrophenol in humans. The limited animal 

, 

undice and hypersensitivity, neutro- penia, skin rashes and peripheral neuritis. 

e one hand they 
 

hemicals 
e 

ox unit. This is why I have referred to antioxidants as “co-oxidants.” This 
ct has made experimentation difficult to design and its results even more difficult to 
terpret.  

he Heisenberg uncertainty principle says that if you try to measure the speed and 
cation of a quantum particle, you alter its true identity.  The process of measuring the 

ntity changes it from its true characteristics.  In attempts to measure 
iological/biochemical entities of the cell, the process of measurement changes the true 
entity of the parts that we are trying to measure.  This applies to many of the 

iochemical measurements of subcellular organelles or enzymatic systems that we 
vestigate.  

 
 
 
 
 
 
 
 
 
 

no birth defects in the offspring of animals fed 2,4-dinitroph
a
data have not noted tumor formation in animals fed 2,4-dinitrophenol. EPA has not 
classified 2,4-dinitrophenol for carcinogenicity.  

Exposure to this compound may also cause disruption of oxidative phosphorylation
increased oxygen consumption, fatigue, intense thirst, sweating, oppression of the 
chest, anorexia, weakness, dizziness, vertigo, headache, sensitivity of the liver to 
pressure, ja
 
8.0.10 The Howes Redox Cellular Uncertainty Principle 
 
There appears to be a duality of character for redox chemicals.  On th
are oxidizers and on the other, they are reducers.  I believe that this is analogous to the
dual nature of the photon as being a wave and/or a particle.  In fact, redox c
are both and their activity is determined by its environment and the reactivities of th
individual red
fa
in
 
T
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e
b
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b
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A diversion, at best, 

We take an animal, chemically kill it, dissect out the desired organ or tissue with stainless 
steel ins
trip  
rp
preserv f this 
dead fragment and remnant of a cell as being tantamount to its functional activities in the 
living/breathing cell.  This is wrong.  We are a
universe of artifact, which we have created by subjecting it to in vitro conditions.

s theory, the 
 

 in vitro studies,  
which have been translocated from the totality of the living organism, 

serve as the  
pseudo-scientific red herring dragged across 

the faintly-scented trail of  
ultimate biological, physiological and biochemical  

truth. 
R.M. Howes, M.D., Ph.D. 

5/1/05 
 

truments, mince the tissue in porcelain, grind it, suspend it in buffer, wash it in 
le distilled de-ionized water, suspend it in glass tubes, cool it, centrifuge it at 100,000

ms, isolate it, re-suspend it, re-wash it, re-cool it, normalize its pH, add stabilizers or 
atives and then we study it.  We then interpret the results of the functioning o

bstracting our data from a biochemical 
 By 

trying to measure the specific subcellular entity or organelle, we have drastically altered 
its true character. 
 

The more I think about the physical portion of Schrödinger'
more repulsive I find it...What Schrödinger writes about the visualizability

of his theory 'is probably not quite right,' in other words it's crap.  

--Heisenberg, writing to Pauli, 1926 

Heisenberg’s analysis of Schrodinger’s theory seems curiously analogous to my view
of Harman’s Free Radical theory, in that I believe that the free radical theory of 
aging and oxidative stress is crap, as I have been saying for many years before 
becoming familiar with the Heisenberg quote above. 
 
After Schrödinger showed the equivalence of the matrix and wave versions of quantum 
mechanics, and Born presented a statistical interpretation of the wave function
Göttingen and Paul Dirac in Cambridge, England, created

 

, Jordan in 
 unified equations known as 

 

"transformation theory." These formed the basis of what is now regarded as quantum 
mechanics. The task then became a search for the physical meaning of these equations in 
actual situations showing the nature of physical objects in terms of waves or particles, or
both. As Bohr later explained it, events in tiny atoms are subject to quantum mechanics, 
yet people deal with larger objects in the laboratory, where the "classical" physics of 
Newton prevails. What was needed was an "interpretation" of the Dirac-Jordan 
quantum equations that would allow physicists to connect observations in the 
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everyday world of the laboratory with events and processes in the quantum world of 
the atom. This is what I have attempted to do in the interpretation of the 
biochemical redox world of the living/breathing cell. 
 
Studying the papers of Dirac and Jordan, while in frequent correspondence with 

physical variables appearing in the equations. His analysis showed that uncertainties, or 
imprecisions, alw  momentum of 
a particl rgy 
and the t
in the mea y were 
in s 
in  
whi
uncertainty

Similarly, I am p nty principle. 

are the cro olecules, 
which transfer exponential numbers of sweet electrons. 

They are the skillful molecular humming birds, 
acrobatically darting to-and-fro to obtain their fill of electron-nectar. 

ey bees of aerobic life,  

8.1 THE MITOCHONDRIAL THEORY OF AGING 
MA 

A) Harman, D. (1972) 
“The biological clock: the mitochondria?” J Am Geriatr Soc 20: 145-47).The MTA was 

ime Miquel (Miquel, J. et al (1980) 
“Mitochondrial role in cell aging” Exp Gerontal 15: 579-91). There is such a strong 

mes, 

Wolfgang Pauli, Heisenberg discovered a problem in the way one could measure basic 

ays turned up if one tried to measure the position and the
e at the same time. (Similar uncertainties occurred when measuring the ene
ime variables of the particle simultaneously.) These uncertainties or imprecisions 

surem ; theents were not the fault of the experimenter, said Heisenberg
ntum mechanics. Heisenberg presented his discovery and its herent in qua consequence

 a 14-page letter to Pauli in February 1927. The letter evolved into a published paper in
ch Heisenberg presented to the world for the first time what became known as the 

 principle. 

resenting t ar Uncertaio you the Howes Redox Cellul

Clas ing sical oxygen and its free radical offspr
ss-pollinating butterflies of biological m

They are the colorful, cross-pollinating hon
busily buzzing to overcome adversity and to endure. 

They are the hurried cellular pony-express, 
lathered and riding hard 

to furnish intricate lines of intra-organismal communication 
necessary to sustain living animation. 

R. M. Howes, M.D., Ph.D. 
5/26/05 

 

 Materials in this section were excerpted or modified from an article by James South, 

The mitochondrial theory of aging (MTA) was first proposed in 1972 by Denham 
Harman, the “father” of the free radical theory of aging (FRT

further refined and developed in 1980 by Ja

connection between the MTA and the FRTA that they are often discussed together as if 
the MTA was just one form or specific development of the FRTA (Beckman, K. & A
B. (1998) “The free radical theory of aging matures” Physiol Rev 78: 548-81).  
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Yet, the MTA concerns far more than free radicals. The MTA involves three other 
major biological topics as well: genetics, membranes, and bioenergetics. To 
understand the MTA, it is first necessary to have an overview of the mitochondrion and 
its pivotal role in the life of biological organisms - including us. 

8.1.1 MITOCHONDRIA: THE BASICS 

Mitochondria are organelles (“little organs”) found in virtually all cells in the human (and 
n 

 

 Mitochondria are the energy generators of the cell. They typically produce 90% or 
 
id 

n 

sion arises 

 
d 

 the other DNA of a cell is found in the nucleus (nDNA). The 
mitochondrial DNA is a closed circular molecule. It encodes 13 ETC enzyme proteins, 

C 

 to 
NA and 

 Acad 

animal) body except red blood cells. This means that each cell contains its very ow
“little organs.”  There may be from 20 to 2500 per cell (Pike, R. & Brown, M. Nutrition:
An Integrated Approach NYC: Macmillan. 1984. Pp. 450-84).  

more of all the ATP bioenergy made in the body. The production of ATP within the
mitochondria occurs from the interaction of two metabolic cycles - the tricarboxylic ac
(TCA) cycle, (also called the “Krebs” or “citric acid” cycle) and the oxidative 
phosphorylation (OXPHOS) electron transport chain (ETC).  The TCA cycle occurs i
the matrix of the mitochondria, while the ETC is a series of five multi-enzyme 
complexes which form an integral part of the inner mitochondrial membrane.   

Complexes I to IV each contain part of the electron transport chain, whereas 
complex V catalyzes ATP synthesis.  This explains where some of the confu
in different references stating that the electron transport chain has either 4 or 5 
complexes.  It has only four for the reduction of O2 to H2O but it takes 5 to get to ATP. 

Products of the TCA cycle - NADH, FADH2, succinate - are connected to the ETC to 
activate the first two enzyme complexes (I and II), which transfer electrons down the 
chain, eventually combining oxygen and hydrogen to make water, and producing ATP at 
complex V (ATP synthase). The mitochondrion is essential for life. It generates the
energy (from the food we eat) that powers cellular activity, muscular activity, heart an
brain activity, breathing, walking, talking etc. Without ATP, there is no life, and 
without well-functioning mitochondria, there is (almost) no ATP.  One of the unique 
features of mitochondria is that they contain their own DNA - mitochondrial DNA 
(mtDNA). All

2 ribosomal RNAs, and 22 transfer RNAs, all needed to form the mitochondrial ET
protein synthesis system (Linnane, A. et al (1998) “The university of bioenergetic 
disease” Ann NY Acad Sci 854: 202-13).   The remainder of the ETC enzymes and other 
mitochondrial components are encoded by nDNA. Each mitochondrion contains 5
10 mtDNA molecules (Richter, C. (1995) “Oxidative damage to mitochondrial D
its relationship to ageing” Int J Biochem Cell Biol 27: 647-53).  A mitochondrion 
reproduces itself by first increasing in size through integration of newly synthesized 
molecules, then eventually dividing to form two mitochondria (Bertoni-Freddari, C. et al 
(1994) “Morphological alterations of synaptic mitochondria during aging” Ann NY
Sci 717: 137-49).  This incredible power generating organelle has the capability to 
self replicate. 
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Harman believes that aging is the accumulation process of diverse detrimental 
changes in the cells and tissues with advancing age, resulting in an increase in the ri
of disease and death (Harman, D. 2000. Aging; overview.  Ann J Y Acad Sci 928: 1-21
Mitochondria, which consum

sks 
).  

e more than 90% of the oxygen in aerobic living 
organisms, are the main reactive oxygen species and free radical source.  O2 in 

 
ia 

e the 

f the 

n 

 
s and 

en atom from any carbon-hydrogen bond and oxidize the 
compound.  Hydroxyl radicals have the highest 1-electron reduction potential (+2310 

n 

 

  
cumulation of oxidized products is a natural side 

effect, which is going to occur in any organism which is carrying out oxidative 

ated in the 
 

tions 

, B 

f food residue (crap), which 
accumulates with aging but is eliminated from the body regularly.  The production 

mitochondria is reduced to water by 4 sequential steps (Ames, B.N., Shigenaga, M.K., 
and Hagen, T.M. 1993. Oxidants, antioxidants and the degenerative diseases of aging. 
Proc Natl Acad Sci.  90: 7915-22).  About 1-5% of the O2 consumed by mitochondr
is reduced and converted to these reactive oxygen species.   In Harman’s 2000 
overview, he suggested that initially generated superoxide and hydrogen peroxide ar
main ROS causing the oxidation of cells and tissues.  However, I need to point out that 
both O2

.- and H2O2 are only weakly reactive.  In fact, H2O2 is the least reactive o
EMODs and is stable under physiological pH and temperature in the absence of 
metal ions.  Also, at physiological conditions, superoxide is a good reducing agent, as 
opposed to an oxidizing agent. 

Superoxide anion itself is not a strong oxidant, but it can react in vitro with protons i
water solution to form H2O2, which can serve as a substrate for the generation of OH. 
radicals and singlet oxygen (Stief, T.W. 2003.  The physiology and pharmacology of
singlet oxygen.  Med Hypoth 60:567-572).   Hydroxyl radicals are strong oxidizer
can abstract a hydrog

mV) and can react with everything in living organisms at the 2nd-order rate 
constants of 109 to 1010/M/s.  As aging proceeds, there is a decrease in the enzymatic 
and non-enzymatic antioxidant systems in the body and theoretically creates a conditio
known as oxidative stress.   The age associated increases in oxidized proteins, oxidized 
DNA, sterol oxidation products and lipid oxidation products support, but does not prove
the fact that EMODs and free radicals are involved in the aging process (Halliwell, B. 
1997. Antioxidants and human disease:  a general introduction. Nutr Rev 55:544-549). 
However, I believe that this ac

aerobic metabolism.   

Alleged oxidative stress and mitochondrial oxidative damage have been implic
etiology of numerous common diseases. The critical mitochondrial events responsible for
oxidative stress–mediated cell death (toxic oxidative stress), however, have yet to be 

defined. Several oxidative events implicated in toxic oxidative stress include altera
in mitochondrial lipids (e.g., cardiolipin), mitochondrial DNA, and mitochondrial 
proteins (e.g. aconitase and uncoupling protein 2). (M W Fariss, C B Chan, M Patel
Van Houten and S Orrenius. Role of mitochondria in toxic oxidative stress. Molecular 
Interventions 5:94-111, (2005) 

8.1.2 The “Crap” in the Free Radi-Crap theory 

This may be analogous to the accumulation o
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and accumulation of crap does not cause aging, but is instead, a byproduct of agin
just as EMODs are a byproduct of aging.  EMODs and crap are the products 
produced as a consequence of providing energy for life.  Since energy is continually 
needed for existence, of course, its production is going to continually accumulate 
byproducts, on a cellular basis in the form of EMODs and on an organismal basis i
the form of crap.  The accumulation of neither of these byproducts is causative of 
aging but is, in a sense, a consequence of aging. Thus, the use of the “Free Radi-
Crap” term is more than just a pejorative.        
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Fridovich, I. (2001) Methods of detection of vascular reactive species.  Nitric oxide, 

s 
y 

tually 

ted to be around 
10 M and 5 X 10 M, respectively (Cadenas, E. and Davies, K.J. Mitochondrial free 

atrix 

ctively 

and 

8.1.3 DNA Oxidation Product Measu

Exceptional caution must be utilized when interpreting data in the literature regarding 
DNA oxidation, because cellular background levels of DNA oxidation products 
determined using a variety of methods vary by 3 orders of magnitude, mostly du
the artifactual formation of DNA oxidation products during analysis.  These differenc
definitely obscure the interpretation of data and the ability to detect physiologically 
and/or pathophysiologically relevant levels of 8-OHdG and their modulation by agents
such as antioxidants (Thompson, H. J. DNA oxidation products, antioxidant status and 
cancer prevention.  J Nutr. 134:  3186S-3187S, 2004).  

8.1.4 Detection of EMODs Cautions 

Detection of EMODs is accomplished by the use of fluorometric and Spectroph
methods, chemiluminescence and electron paramagnetic resonance (Tarpey, M.

superoxide, hydrogen peroxide and peroxynitrite.  Circ. Res. 89, 224-236).  Many of 
these methods are based on the redox properties of specific EMODs and are therefore 
prone to artifacts caused by species of similar reactivity or by reactive intermediate
produced by the probe itself.  Specific inhibitory enzymes may be added to unequivocall
identify the species, such as SOD or CAT to eliminate O2

.- or H2O2, respectively, but 
these enzymes do not determine whether these EMODs are the primary species or just 
intermediates formed in the detection reaction.  Also, luminol and lucigenin may 
produce O2

.- during their oxidation, leading to false conclusions that O2
.- was ac

formed in the process (Liochev, S.I. and Fridovich, I. Lucigenin as mediator of 
superoxide production:  revisited.  Free Radical Biol Med (1998) 25, 926-928). 

The steady state concentrations of O2
.- and H2O2 have been estima

-10 -9

radical generation, oxidative stress and aging.  Free Radic Biol Med 29, 222-230).  
Superoxide formation occurs on the outer mitochondrial membrane, in the m
and on both sides of the inner mitochondrial membrane (Turrens, J.F. Mitochondrial 
formation of reactive oxygen species.  J Physiol (2003), 552.2, pp.335-344).  Superoxide 
production varies from organ to organ and depends on whether mitochondria are a
respiring (State 3) or the respiratory chain is highly reduced (State 4).  Although 
Complex III appears to be responsible for most of the O2

.- produced in the heart 
lung mitochondria, O2

.- formation in the brain appears to be made primarily at 
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Complex I.  Complex I is thought to be the site of EMODs production in a variety of 
pathological conditions ranging from aging to Parkinson’s disease.      

Actually, meaningful benign functions of EMODs have been reported and include:  
the activation of nuclear transcription factors, gene expression and defense 

osis 

 
2O2 can react with HOCl or chloramines to produce 

O2.  It is believed that H2O2 can degrade certain heme proteins, such as hemoglobin, to 

Takayama has reported that metastable phosphatidylcholine hydroperoxides present 
in the living organism produced 1O2 during their breakdown in the presence of 
Cu2+ in the dark (Takayama, F. Egashira, T., and Yamanaka, Y. 2001. Singlet oxygen 
generation from phosphatidylcholine hydroperoxide in the presence of copper.  Life Sci 
68: 1807-1815).  Compared with other EMODs, 1O2 is rather mild and nontoxic for 
mammalian tissues, according to Stief’s 2003 paper.  1O2, in humans, is both a signal and 
a weapon, with therapeutic potency against various pathogens such as microbes, viruses, 
and cancer cells (Steif, 2003).  

The very feature that makes mitochondria unique among the various cell organelles - 

 

 

Therefore, mtDNA is far more subjected to free radical damage than nDNA. The 

G level 

ber 

mechanisms to target tumor cells and microbial infections (Simon, H.U., Haj-Yehia, 
A., and Levi-Schaffer, F.  (2000) Role of reactive oxygen species (ROS) in the apopt
induction.  Apoptosis 5: 415-418).   1O2 can attack various pathogens and induce 
physiological inflammatory response and O2

.- may serve as a cell growth regulator.  NO 
acts as a neurotransmitter and an important mediator of the immune response (Fang, 
Y.Z., Yang, S. and Wu, G. 2002.  Free radicals, antioxidants, and nutrition.  Nutrition 18: 
872-879).  Stief has pointed out that singlet oxygen can be formed by the interactions
of superoxide with H2O2 or H
1

release iron ions. 

having their own DNA - gives rise to a major problem.   

nDNA is protected by histone proteins and various repair enzymes, which minimizes
damage to nDNA from free radicals/oxidants.  mtDNA has no histone protection or 
significant enzymes repair systems to offer free radical protection.  The 
mitochondrion is considered to be one of the most active sites in the cell for the 
generation of EMODs.  I ask, “How is it that the mitochondrial DNA could have evolved
without protection against oxygen free radicals, if they are so harmful.  Thus, how toxic 
are EMODs?  Also, please remember that the mitochondrion does not contain 
catalase. 

commonest form of free radical damage to mtDNA molecules is the production of 8-
0HdG, an oxidized guanine base. Even in young (3 month old) rats, the level of 8-
0HdG is already 16 times higher in mtDNA than nDNA.  Mecocci and colleagues 
investigated ten normal humans aged 42 to 97 years, checking three brain regions.  A 10-
fold increase in 8-0HdG in mtDNA as compared to nDNA was found in the entire 
group of samples, with a 15-fold increase in persons over 70. And, a high 8-0Hd
in mtDNA is strongly correlated with mtDNA deletions (damage).  I believe that these 
are very confusing facts.  The older humans should logically have a greater num
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of mutations than young rats, if the MTA theory is correct, but the young rats
16 times the 8-OHdG in mtDNA than in nDNA. 

As mtDNA damage accumulates over the lifetime of an individual, the functionality
of the ETC enzyme complexes that produce ATP, and are encoded for (in part) by 
mtDNA, decreases dramatically and gradually produces a cellular energy crisis. 
Linnane and associates found that in a 90 year old man, only 5% of the total mtDN
from muscle tissue was still in the form of full-length, normal mtDNA. Along with 
this cumulative mtDNA damage, there were a large percentage of cells lacking 
cytochrome oxidase (COX), complex IV of the ETC. And 3 of 13 proteins of complex IV 
are encoded for by mtDNA, so the low COX activity is hardly surpris

 had 

 

A 

ing.  To make 
matters worse, the mitochondrial ETC is the main source of cellular EMODs, 

A 

dy 
) 

1: 
e 

 bear 
xide anion nor hydrogen peroxide attacks DNA directly.  

As Linnane notes: “As tissues age, mtDNA mutations accumulate in individual cells; 

e 
-

 failure, 
strokes, ... other diseases [and death!].”  That, in brief, is the MTA.  Nonetheless, I do 

ot believe that these high rates of mtDNA mutations are occurring in the 
living/breathing cell and I believe that the most significant event occurring is the 

on of EMODs, which makes the cell vulnerable to 
pathogens and neoplasia.   

especially superoxide radical, hydrogen peroxide (H2O2) and hydroxyl radical.  mtDN
is at least transiently attached to the inner mitochondrial membrane, where the ETC is 
located and from which EMODs are continuously released.  It is generally estimated 
that 1-2% of oxygen consumed by mitochondria (and they consume 85% of all bo
oxygen) in ETC activity is converted to superoxide radical (Shigenaga, M. et al (1994
“Oxidative damage and mitochondrial decay in aging” Proc Natl Acad Sci USA 9
10771-78).  Much of this superoxide radical is converted by mitochondrial superoxid
dismutase (SOD) to hydrogen peroxide.  Allegedly, hydrogen peroxide causes scissions 
(breaks) and cross linking of DNA (Miquel, J. (1992) “An update on the mitochondrial 
- DNA mutation hypothesis of cell aging” Mutat Res 275: 209-16).   

Thus, in the very act of doing its job - making ATP - the ETC inadvertently damages 
mtDNA, on which the viability of current and future mitochondria depends. Please
in mind that neither supero

eventually some cells will reach the point at which the ability to make the mtDNA - 
encodes components of the mitochondrial energy generation system is seriously 
impaired. If mtDNA mutations occur in a significant number of cells in a tissue, th
function of that tissue will be compromised and consequently may contribute to such age
associated pathologies as skeletal muscular and neurological degeneration, heart

n

actual decrease in generati

Also, since the ability of the mitochondrion to produce energy is decreased with 
aging, I feel that it is of dubious benefit to give antioxidants to these already 
compromised individuals.  In fact, I believe that the non-discriminant use of 
antioxidant supplements and the encouragement to use mega-doses of antioxidants 
is responsible for the epidemic of fatigue that we currently see in the USA. 
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8.1.5 MTA: The Evidence 

In the past 30 years of MTA research, a vast amount of evidence has accumulated that 
tends to validate the MTA. This prompted MTA/FRTA researcher Bruce Ames and 
colleagues to state in 2002: “It is generally accepted that oxidative mitochondrial
decay is a major contributor to aging.”  I agree with the statement but only
context that the increasing mitochondrial decay results in decreased production of 
EMODs.  (Liu, J. et al (2002) “Delaying brain mitochondrial decay and aging with 
mitochondrial antioxidants and metabolites” Ann NY Acad Sci 959: 133-66).  Sastre and
co-workers point out that “The role of old mitochondria in cell aging has been 
emphasized by the finding that cells microinjected with mitochondria isolated
fibroblasts of old rats degenerate to a much greater extent than those microinjected
mitochondria from young rats.” (Sastre, J. et al (1998) “A ginkgo biloba extract (Egb7
prevents mitochondrial aging by protecting against oxidative stress” Free Rad Biol Med
24: 298-304).One area of evidence for MTA comes from the morphological (st
differences between young and old mitochondria. Studies with both humans and rats 
show a similar picture. In young organisms, there are a large number of small 
mitochondria that provide needed ATP. In aged rats and humans, however, there
smaller number of large mitochondria. The total volume of the cell that consists of 
mitochondria, (up to 20% of cell volume), remains roughly the same in young a
old rats/humans. These larger mitochondria are not as bio-energetically efficient a
the youthful, normal, small mitochondria. A key aspect of the ETC is the 
mitochondrial membrane potential, which is produced by the electron and proton 
pumping activity of the ETC. As Sastre and colleagues note: “... mitochondrial size 
increases and mitochondrial membrane potential decr

 
 in the 
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 with 

61) 
 

ructural) 

 are a 

nd 
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eases with age in brain and 
liver. This may reduce the energy supply in old cells since the mitochondrial 

ODs and I believe that it makes my point of not 
giving antioxidants to an aged population, because of fear of the production of 

 and 

) 
 the 

membrane potential is the driving force for ATP synthesis.” (Sastre, J. et al (2002) 
“Mitochondrial damage in aging and apoptosis” Ann NY Acad Sci 959: 448-51).  Here 
again, I believe that this indicates that aging is a disease of deficiency states, 
especially as it relates to levels of EM

fatigue, plus the diseases that they are known to increase.  The above data shows 
that the number of mitochondria decreases with increasing age and that the 
production of EMODs actually decreases because it is reflected by the altered 
proton motive membrane potential.  I believe that the body tries to compensate for 
this decreasing ability of the cell to produce EMODs. 

Reviewing the evidence on the large size of aged mitochondria, Bertoni Freddari et al 
remark that in old organisms “... the genesis of new mitochondria appears to stop at the 
intermediate step of accretion in size of the organelles, but it is not followed by their 
division [due to mtDNA damage].”   

Linnane and colleagues compared skeletal muscle tissue samples from a 5 year old
90 year old human. Using the extra-long PCR technique, they analyzed the samples for 
mtDNA content. They also used a staining technique to measure COX (ETC complex IV
activity in the muscle cells. They found that less than 5% of the total mtDNA from
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90 year old was still in the form of full-length mtDNA, while the bulk of mtDNA 
molecules was made up of deletion products and oversized mtDNA rearrangements 
seriously mutated mtDNA. The 5 year olds mtDNA was almost entirely normal mtDNA
There were only rare COX-deficient muscle fibers in the 5 year old, but COX-deficien
muscle fibers were common in the 90 year old. They conclude that “mutation and CO
activity provides compelling support for the hypothesis of mtDNA mutation-driven
bioenergy degradation as a key feature of the aging process....” This result 
establishes the relationship between age-associated accumulation of mtDNA 
(Linnane, A. et al (1998) “The university of bioenergetic disease” Ann NY Acad S
202-13).  In a review of the MTA, Barja reports that “Many different laboratories have 
consistently shown that mtDNA mutations (deletions, point mutations, gross DNA 
rearrangements, etc.) increase with age in mammals, especially in post-mitotic highly 
aerobic tissues [i.e. brain, heart, skeletal muscle] ... and affects up to 50% of the 
mtDNA molecules in the mtDNA control region 

- i.e. 
. 

t 
X 
 

ci 854: 

of fibroblasts from old humans.  The 
mtDNA control region is essential for mitochondrial reproduction.  Accumulation of 

al 

 DNA mutation 
during DNA replication. Levels of 8-oxodG were measured in the heart and brain 

arja, 
 

 nine-
ars). It was discovered that pigeons had 

significantly less mitochondrial free radical/oxidant generation than rats in all 

t 
age, 

t 

. 

mtDNA mutations with age has been reported also in the brain, heart, or skelet
muscle of three mammalian species with widely different MLSP [maximum life span 
potentials], mice (3.5 years), chimpanzees (59 years), and humans (122 years)....”  Barja 
also notes that 8-oxodG, a free radical-damaged DNA base, can cause

mtDNA and nDNA of eight different mammal species differing 13-fold in MLSP. The 
results indicated that 8-oxodG levels in both organs were inversely correlated with 
MLSP, while there was no correlation between 8-oxodG in nDNA and MLSP (B
G. (2002) “Endogenous oxidative stress: relationship to aging, longevity and caloric
restriction” Ageing Res Rev 1: 397-411).  

8-oxodG is found four-nine-fold higher in mtDNA compared to nDNA in eight 
mammal and three bird species so far studied.  Please keep in mind that mtDNA does 
not have repair enzymes available to it, yet it lasts for a lifetime in an environment which 
is constantly generating EMODs.  Thus, “How toxic are EMODs?” 

A comparison of three bird species to rats and mice also provides support for the MTA. 
Pigeons have a body size and basal metabolism similar to rats. Yet pigeons have a
fold higher MLSP (35 years) than rats (4 ye

organs studied-brain, liver, lung, heart and kidney. It was also found that parakeets 
(21 years MLSP), and canaries (24 years MLSP) have similar body size and oxygen 
consumption to mice (3.5 years MLSP), yet also have much lower mitochondrial oxidan
generation.  Less mitochondrial oxidant generation equates to less mtDNA dam
and less mtDNA damage equates to more normal mitochondrial bioenergetics throughou
a longer life.  Glutathione plays a key role in protecting mitochondria and mtDNA 
from oxidative damage. Glutathione protects against mtDNA-damaging lipid 
peroxidation in the inner mitochondrial membrane, where the ETC is located (Barja, G
(2002) “Endogenous oxidative stress: relationship to aging, longevity and caloric 
restriction” Ageing Res Rev 1: 397-411).  
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Glutathione also breaks down hydrogen peroxide, another oxidant normally produced 
within mitochondria and which allegedly damages mtDNA. Unfortunately, “Glutathione 
oxidation increases with age in mitochondria from liver, kidney, and brain of rats. It is 
striking that this increase was much higher in mitochondria than in whole cells.”  
Mitochondria are at special risk with regard to glutathione, because they lack th
ability to synthesize glutathione or to rid themselves of oxidized glutathione (GSS).  
Sastre and colleagues found that GSSG levels doubled in old rats compared to young rats, 
while glutathione levels dropped 40% and hydrogen peroxide generation increased 
22%.  I must ask, “How can peroxide levels increase, while there is a decrease in 
energy production (ATP synthesis), unless there is an uncoupling of oxidative 
phosphorylation (which I doubt) ?”   Glutathione levels and peroxide production m
also explain the differential in life spans that occurs between males and females in m
species, including humans and rats and mice. Brain and liver mitochondria from male
rats have higher hydrogen peroxide production than females, yet glutathione level
mitochondria of male rats were lower than females. Thus, females should suffer less 
mtDNA damage, with consequent slower aging.  Mitochondria can function in five 
different energy states, with state 3 and state 4 being the main ones. State 4 is a resting 
or basal energy production state, when cellular energy needs are modest. State 3 i
active energy production state, when the mitochondria are rapidly producing ATP to 
fuel heightened cellular energy needs. Tzu Chen Yen and colleagues studied 35 Chin
subjects, ages 31 to 76 years old. They found a sharp drop with aging in both 
and state 4 activities in liver mitochondria, but with a lesser drop in state 4 levels 
(again, indicative of a deficiency state). The sharp drop in state 3/state 4 energy 
production with aging is indicative of significant mitochondrial ETC damage. The 
study authors note that the lesser drop in state 4 activity indicates that aged liver cells 
could still maintain basic “housekeeping” activity, but would not do as well as young 
liver cells when presen
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ted with an energy-consuming toxicological challenge. I believe 
that this data indicates the true EMODs deficiency state that exists with aging, even 
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that no longer divide after early childhood, and thus are 
irreplaceable. They are primarily brain, heart, and skeletal muscle cells. Yet the 

ith 

though, most authors only allude to the build up of end products of oxidation.
Shigenaga et al also point out the shift to state 4 dominance with aging. At the organismic 
level, consider most elderly humans. Do they spend more time at rest (state 4), or in 
activities such as walking, running, dancing, swimming, etc. (state 3)? Yen a
colleagues conclude their study with the remark that “Our results strongly support the
hypothesis, recently proposed by Linnane and colleagues, which maintains that aging 
may be due to somatic gene mutations that occur at a substantial rate in the mtDN
its accumulation during the life-span of the subject.” (Barja, G. (2002) “Endogen
oxidative stress: relationship to aging, longevity and caloric restriction” Ageing Res Rev 
1: 397-411).  

In Harman’s original MTA, he assumed that all cell types were equally subject to 
mtDNA/mitochondrial damage with aging. Miquel’s reformulation of the MTA maintains
that it is primarily to “fixed post-mitotic” cells that MTA applies. Fixed post mitot
cells are those 

finding, in the Yen study, that liver mitochondrial energy production drops sharply w
age seems to indicate that at least some mitotic, (dividing) cells also suffer aging 
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mtDNA/mitochondrial damage, since liver cells are able to divide and replicate 
throughout life.  This also indicates that mitotic or dividing cells also experience the 
development of EMOD production associated with aging.  Thus, I ask, “How is it 

ingly experience mtDNA damage rapidly and yet post-
mitotic cells can survive for a life time in the most highly oxidative organs and 

use 

, 

In hypoxia, mitochondrial respiration is decreased, thereby leading to a buildup of 
his 

e 
fusing 

 
e. 

schin, 
n 

is 
fusion period, when 

high O2 concentrations promote the formation of superoxide through one electron 

oxidants in some tissues (Park, Y., S. Kanekal, and J. P. Kehrer. Oxidative changes in 

 

that dividing cells seem

organelles in the body, namely, the heart, brain and skeletal muscle?”  It is beca
the Free Radi-Crap theory is wrong, as is demonstrated by it lack of cohesive 
predictability. 

Some of the following material was excerpted, abstracted or modified from:  (Priya 
Mohanraj, A. John Merola, Valerie P. Wright, and Thomas L. Clanton.  Antioxidants 
protect rat diaphragmatic muscle function under hypoxic conditions. Vol. 84, Issue 6
1960-1966, June 1998). 

8.1.6 Reductive Stress 

reducing equivalents that cannot be transferred to O2 at the cytochrome oxidase. T
condition, called reductive stress, can “paradoxically” lead to enhanced formation of 
reactive O2 species, or a decrease in the ability of the cell to defend against an oxidativ
stress. I believe that this represents one more desperate attempt to explain con
and conflicting data, with hopes of salvaging the flawed Free Radi-Crap theory.  
The coupling of the ETC with oxidative phosphorylation is quite complex, as I
presented in my primer under the oxidation/reduction section of this 2nd volum

During respiratory failure and associated cardiovascular collapse and resuscitation, 
conditions are appropriate for local tissue hypoxia and ischemia-reperfusion to occur. 

Ischemia-reperfusion has been shown to be associated with the production of 
reactive O2 species (EMODs) in different organ systems (Rubin, B. B., A. Roma
P. M. Walker, D. C. Gute, and R. J. Korthuis. Mechanisms of postischemic injury i
skeletal muscle: intervention strategies. J. Appl. Physiol. 80: 369-387, 1996). It 
generally believed that they are primarily produced during the reper

 

reduction of O2. However, several studies have demonstrated that hypoxia alone, 
without subsequent reoxygenation or reperfusion, can result in the production of 

 

hypoxic rat heart tissue. Am. J. Physiol. 260 (Heart Circ. Physiol. 29): H1395-H1405, 
1991) (Park, Y., and J. P. Kehrer. Oxidative changes in hypoxic-reoxygenated rabbit 
heart: a consequence of hypoxia rather than reoxygenation. Free Radic. Res. Commun.
14: 179-185, 1991). For example, Park and Kehrer have shown that, in the heart, 
hypoxia results in both oxidant formation and oxidative stress, which are not 
exacerbated further by subsequent reoxygenation.  Then, I submit that by 
definition, this is not “ischemia-reperfusion” oxidative damage. 
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Actually, I believe that this could be applied to conditions of sleep, in which hy
induces the increased production of EMODs.   

In order to investigate the potential neuroprotective role played by glucose metabolis
during brain oxygen deprivation, the susceptibility of cultured neurones and astrocytes to
1 h of oxygen deprivation (hypoxia) or oxygen and glucose deprivation (OGD) was 
examined. OGD, but not hypoxia, promotes dihydrorhodamine 123 and glu
oxidation in neurones but not in astrocytes reflecting free radical generation in the 
former cells. A specific loss of mitochondrial complex-I activity, mitochondrial 
membrane poten

poxia 

m 
 

tathione 

tial collapse, ATP depletion and necrosis occurred in the OGD neurones, 
ut not in the OGD astrocytes. Furthermore, superoxide anion but not nitric oxide 

e 
t 

en 

gen and glucose deprivation induces mitochondrial dysfunction and 
oxidative stress in neurones but not in astrocytes in primary culture. Journal of 

t this 
s 

. 

Physiol. 73: 1805-1809, 1992).  This could 
also apply to sleep. 

 

 540-545, 1993) (Reid, M. B., K. E. 
Haack, K. M. Franchek, P. A. Valberg, L. Kobzik, and M. S. West. Reactive oxygen in 

3: 
eve, 

e 

b
formation was responsible for these effects. OGD decreased neuronal but not 
astrocytic NADPH concentrations; this was not observed in hypoxia and was 
independent of superoxide or nitric oxide formation. These results suggest that glucos
metabolism would supply NADPH, through the pentose–phosphate pathway, aimed a
preventing oxidative stress, mitochondrial damage and neurotoxicity during oxyg
deprivation to neural cells (Angeles Almeida; María Delgado-Esteban; Juan P. Bolaños; 
José M. Medina. Oxy

Neurochemistry, April 2002, vol. 81, no. 2, pp. 207-217(11)).  Further, I believe tha
indicates that hypoxia, without glucose deprivation, is not very harmful to neuron
and astrocytes.  
 
Skeletal muscles have been shown to produce EMODs both intracellularly and 
extracellularly at rest (Reid, M. B., K. E. Haack, K. M. Franchek, P. A. Valberg, L
Kobzik, and M. S. West. Reactive oxygen in skeletal muscle. I. Intracellular oxidant 
kinetics and fatigue in vitro. J. Appl. Physiol. 73: 1797-1804, 1992) (Reid, M. B., T. 
Shoji, M. R. Moody, and M. L. Entman. Reactive oxygen in skeletal muscle. II. 
Extracellular release of free radicals. J. Appl. 

 
EMODs production appears to go up in response to intense, fatiguing exercise 
(Borzone, G., B. Zhao, A. J. Merola, L. Berliner, and T. L. Clanton. Detection of free
radicals by electron spin resonance in rat diaphragm after resistive breathing. J. Appl. 
Physiol. 77: 812-818, 1994) (Diaz, P. T., Z. She, B. W. Davis, and T. L. Clanton. 
Hydroxylation of salicylate by the in vitro diaphragm: evidence for hydroxyl radical 
production during fatigue. J. Appl. Physiol. 75:

skeletal muscle. I. Intracellular oxidant kinetics and fatigue in vitro. J. Appl. Physiol. 7
1797-1804, 1992).   The increased EMODs production is primary reason, I beli
that exercise is good for our overall health. 
 
There are a number of potential sources of EMODs in hypoxia. One source may b
mitochondria (Reid, M. B., K. E. Haack, K. M. Franchek, P. A. Valberg, L. Kobzik, and 
M. S. West. Reactive oxygen in skeletal muscle. I. Intracellular oxidant kinetics and 
fatigue in vitro. J. Appl. Physiol. 73: 1797-1804, 1992). It has been suggested that, even 
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under normal aerobic conditions, ~2% of the total mitochondrial O2 consumption
shuttled toward the

 is 
 formation of O 2·. This is believed to be generated at complex I a

complex III of the electron transport
nd 

 of this section, during hypoxia, less O2 is available to be 
reduced to H2O at cytochrome oxidase, resulting in an accumulation of reducing 

 

 
such as the ubiquinone-ubiquinol redox couple. Khan and O'Brien (Khan, S., and P. J. 

 
ductive 

 chain.  
 
As I stated at the beginning

 

equivalents within the mitochondrial respiratory sequence, a condition known as
reductive stress (Kehrer, J. P., and L. G. Lund. Cellular reducing equivalents and 
oxidative stress. Free Radic. Biol. Med. 17: 65-75, 1994). This can result in the 
formation of EMODs by the auto-oxidation of one or more mitochondrial complexes

O'Brien. Modulating hypoxia-induced hepatocyte injury by affecting intracellular redox 
state. Biochim. Biophys. Acta 1269: 153-161, 1995), in their studies on isolated 
hepatocytes subjected to similar conditions of hypoxia, showed evidence of reductive 
stress by demonstrating an increase in the cellular NADH/NAD+ ratio. They concluded
that hypoxia induced hepatocyte injury in their model from sustained re
stress and O2 activation.

It has been shown that, even at a tissue PO2 of 1 Torr (normal, 35 Torr), there is a 
of 
. Lipid 

83).  

. 
on in 

s 

 
ess to 

 in this totally absurd scenario), as suggested by the free radical theory.   

n anti-aging regimen, and also significantly 
reduces mtDNA/mitochondrial oxidant damage. Please see the “caloric restriction” 
section of my accompanying article on the free radical theory of aging for more detail 

 

significant production of free radicals despite the low Michaelis constant (Km) 
cytochrome oxidase complex in the mitochondria (Rao, P. S., and H. S. Mueller
peroxidation and acute myocardial ischemia. Adv. Exp. Med. Biol. 161: 347-363, 19

Cyclooxygenase reacts with accumulated fatty acid, simultaneously generating singlet 

O2 and hydroxyl radical (· OH) (Chien, K. R., J. Abramo, A. Serreni, J. T. Martin, and J
F. Farber. Accelerated phospholipid degradation and associated membrane dysfuncti
irreversible, ischemic liver cell injury. J. Biol. Chem. 253: 4809-4817, 1978). Finally, 
hypoxia can also cause increased nitric oxide radical (· NO) production. 

8.1.7 MTA, Mitochondrial Theory of Aging 

The preceding evidence for the MTA is just a brief “snapshot” of the vast array of 
evidence accumulated in the past 30 years that supports the MTA. Having looked 
carefully into the MTA, I am personally not convinced that the MTA represents the 
single most important cause of aging and age-related diseases, because advanced age i
associated with the development of EMODs deficiency levels.  I believe that it is a 
strong possibility that EMOD production and aging are occurring simultaneously 
but are not causally related.  However, one can say categorically that “without
oxygen metabolism and the production of EMODs, there is no aging.”  Needl
say, in obligate aerobes, without oxygen metabolism, the organism dies and 
consequently, it does not age.  Thus, stopping EMOD production does stop aging (as 
viewed

Allegedly, caloric restriction is the best-prove
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(section UTOPIA 32.14). What follows are some of the nutrients and anti-aging drugs 
that might combat mtDNA/mitochondrial oxidative damage, and thus aging itself.  
keep in mind that I believe that aging and disease will best be prevented by methods
that do not decrease levels of EMODs, which is contrary to the current use of 
antioxidants.  I believe that the body constantly seek

Please 
 

s to remain in a state of 
homeostasis.  It tries to avoid the extremes of high and low concentrations of most 

ative 

on 
 with Complex I Deficiency. J. Clin. 

Invest. Volume 99, Number 12, June 1997, 2877-2882. 

 

n

 the 

(complex V) (Hammans, S.R., and A.E. Harding (1991) Mitochondrial disease and 

allace, 

ramboise, 

6). 

om 

5) Congenital cataract and 
mitochondrial myopathy of skeletal and heart muscle associated with lactic acidosis after 

y the 

al 
s, 

biologically important biochemical molecules and it tries to remain in a prooxid
state. 

8.1.8 Mitochondrial Complex I Deficiency 

Some of the following material was excerpted, abstracted or modified from:  Xiaoping 
Luo, Sari Pitkänen, Sacha Kassovska-Bratinova, Brian H. Robinson, and Denis C. 
Lehotay Excessive Formation of Hydroxyl Radicals and Aldehydic Lipid Peroxidati
Products in Cultured Skin Fibroblasts from Patients

Five multi-enzyme complexes embedded in the inner mitochondrial membrane are 
responsible for the overall process of oxidative phosphorylation. Electrons are transferred
from NADH or flavoprotein-linked substrates to O2 through a chain of enzyme 
complexes numbered I to IV. The function of these complexes is to couple electro  

transfer with proton translocation out of the mitochondrion. The electrochemical 
proton gradient created by electron transfer along the respiratory chain drives
production of ATP from ADP and phosphate by the enzyme complex ATP synthase 

mitochondrial DNA. Br. J. Hosp. Med. 46: 20-26). 

Patients with isolated NADH-ubiquinone oxidoreductase (complex I) deficiency most 
commonly present with fatal neonatal lactic acidosis or with Leigh's disease (W
D.C. (1992) Diseases of the mitochondrial DNA. Annu. Rev. Biochem. 61: 1175-1212). 
More recently, three more clinical phenotypes have been shown, cardiomyopathy and 
cataracts, hepatopathy and tubulopathy, and mild developmental delay can be 
associated with complex I deficiency (Pitkänen, S., A. Feigenbaum, R. Laf
and B.H. Robinson (1996) NADH-coenzyme Q reductase (complex I) deficiency: 
heterogeneity in phenotype and biochemical findings. J. Inher. Metab. Dis. 19: 675-68

The combination of congenital cataracts, hypertrophic cardiomyopathy, 
mitochondrial myopathy, and exercise-related lactic acidosis has been reported fr
the Netherlands by Sengers et al. (Sengers, R.C.A., B.G.A. ter Haar, J.M.F. Trijbels, J.L. 
Willems, O. Daniels, and A.M. Stadhouders (197

exercise. J. Pediatr. 86: 873-880). Cardiomyopathy with cataracts is now listed b
McKusick Register (Entry No. 212350) as an autosomal recessive condition with the 
onset of symptoms at birth, childhood, or early adulthood (McKusick, V.A. 
1992. Mendelian inheritance in man. In Catalogs of Autosomal Dominant, Autosom
Recessive, and X-linked Phenotypes. Tenth edition, Johns Hopkins University Pres
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Baltimore, MD.). Hypertrophic ventricular cardiomyopathy is also found in conjuncti
with lactic acidemia and encephalopathy in

on 

plex I deficient patients. In these patients a malfunction of the mitochondrial 
respiratory chain, which is reflected by an elevated lactate to pyruvate ratio (L/P ratio) in 

al 
(1994) 

. 

generation and lipid peroxidation in the S strain rats results in DNA rearrangements, 
26-

alysis and enzymatic assay showed normal levels of 
copper zinc superoxide dismutase (CuZnSOD), but grossly elevated levels of the 

in 

, 

catalase or GPx. 

ries 
ve 

roxide dismutase. J. Clin. Invest. 
98: 345-351). It was postulated that in some types of complex I deficiency, excessive 

 

While the above evidence pointed indirectly to the involvement of oxygen free 

pathogenesis of the cardiomyopathy with cataracts and complex I deficiency, skin 

to 

 the fatal neonatal and Leigh's disease groups 
of com   

cultured skin fibroblasts, has been demonstrated. 

Both cardiomyopathy and cataract formation have been linked to free radic
damage in human and animal model systems (Bhuyan, D.K., and K.C. Bhuyan 
Assessment of oxidative stress to eye in animal model for cataract. Methods Enzymol. 
233: 630-639) (Salganik, R.I., N.A. Solovyova, S.I. Dikalov, O.N. Grishaeva, L.A
Semenova, and A.V. Popovsky (1994) Inherited enhancement of hydroxyl radical 

degeneration diseases, and premature aging. Biochem. Biophys. Res. Commun. 199: 7
733).  

Studies using Western blot an  

mitochondrial manganese superoxide dismutase (MnSOD) in cultured sk
fibroblasts from patients with cardiomyopathy and cataracts (Pitkänen, S., F. 
Merante, D.R. McLeod, D. Applegarth, T. Tong, and B.H Robinson (1996) Familial 
cardiomyopathy with cataracts and lactic acidosis: a defect in complex I (NADH-
dehydrogenase) of the mitochondria respiratory chain. Pediatr. Res. 39: 513-521).  

I believe that the high level of MnSOD actually argues for low levels of EMODs, 
instead of the predicted high levels, which were supposed to cause oxidative damage
unless the SOD was producing hydrogen peroxide, which was not broken down by 

Southern blot analysis in heart muscle of the patient tested revealed multiple 
mitochondrial DNA deletions suggesting free radical damage.  Further studies in a se
of patient cell lines showed that induction of MnSOD and the appearance of excessi
amounts of superoxide were common events in complex I deficiency (Pitkänen, S., 
and B.H. Robinson (1996) Mitochondrial complex I deficiency leads to increased 
production of superoxide radicals and induction of supe

 

production of superoxide from the compromised electron transport chain combined with 
induction of MnSOD would lead to damage from increased hydroxyl radical formation. 

radicals in the etiology of cardiomyopathy with cataracts, a more direct proof was 
needed. To investigate in greater depth the involvement of free radical injury in the 

  

fibroblasts from a group of patients were assessed for hydroxyl radical production and 
aldehydic lipid peroxidation products with and without redox active agents known 
cause cell injury by free radical-mediated mechanisms. 
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When excess superoxide is reacted upon by MnSOD, large amounts of intramitochondrial 

. Since 
en estimated to be 1

hydrogen peroxide are produced. Neither superoxide nor hydrogen peroxide is very 
toxic.  

Hydroxyl radicals react with biological molecules in a diffusion-controlled fashion
their half-life in cells has be  0 9 s, their measurement is very difficult.  

 

ated 

 
 

environment 
dation 

also results in the production of a great variety of stable, diffusible, saturated, and 
y 

 
 

97-203). Hexanal, HNE, and MDA 
are among the most toxic aldehydes and have metabolic, genotoxic, and mutagenic 

 

Biochem. Biophys. Res. Commun. 199: 726-733).  

e 
 
l 

ectron 

with inhibitors causes increased production of superoxide (Pitkänen, S., and B.H. 

In the present study using aromatic hydroxylation, salicylate was used as a probe, which
can be attacked by hydroxyl radicals at pH 7.4 to give three products: 2,3-DHBA, 
2,5DHBA, and catechol. As reported in the literature, 2,5-DHBA can also be gener
from salicylate by enzymes such as cytochrome P-450 in vivo, but 2,3-DHBA is thought 
to be produced by only hydroxyl radical attack on salicylate. Our results demonstrated
that the hydroxylation products increased over 2- to 10-fold under basal conditions, and
up to 20fold after menadione or doxorubicin treatment in skin fibroblasts from patients 
with varying types of complex I deficiency. These data provide direct evidence that 
excessive hydroxyl radicals are produced in this syndrome under both normal and 
oxidative stress conditions. 

Free radicals are generally short lived and inflict damage only in the local 
where they are produced. Studies indicate that free radical-initiated lipid peroxi

  

unsaturated aldehydes. These cytotoxic aldehydes are relatively stable and biologicall
active. They can attack targets far from the site of the original free radical-initiated 
event and may act as "secondary cytotoxic messengers" of free radicals. They are now 
considered as one of the few measurable parameters indicative of lipid peroxidation in
vivo (Esterbauer, H., and H. Zollner (1989) Methods for determination of aldehydic lipid
peroxidation products. Free Radical Biol. Med. 7: 1  

effects, as well as inhibitory effects on cell proliferation (Esterbauer, H., R.J. Schaur, 
and H. Zollner (1991) Chemistry and biochemistry of 4-hydroxynonenal, 
malondialdehyde and related aldehydes. Free Radical Biol. Med. 11: 81-128).  

Increased generation of hydroxyl radicals is known to induce cataract formation, 
cardiomyopathy, and premature aging in certain rat strains (Salganik, R.I., N.A. 
Solovyova, S.I. Dikalov, O.N. Grishaeva, L.A. Semenova, and A.V. Popovsky (1994)
Inherited enhancement of hydroxyl radical generation and lipid peroxidation in the S 
strain rats results in DNA rearrangements, degeneration diseases, and premature aging. 

Mitochondria are active in continuous generation of semiquinone radicals, reactiv
oxygen species and in lipid peroxidation (Richter, C. (1992) Reactive oxygen and DNA
damage in mitochondria. Mutat. Res. 275: 249-255). It is known that the mitochondria
respiratory chain, especially complex I, is the main source of superoxide in 
nonphagocytic cells, probably via autoxidation of ubiquinone generated during el
transport (17, 45). Impairment of complex I activity by blocking electron transport 
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Robinson (1996) Mitochondrial complex I deficiency leads to increased production of
superoxide radicals and induction of supero

 
xide dismutase. J. Clin. Invest. 98: 345-351). 

superoxide to hydrogen peroxide, and 
these two species in turn can generate the highly potent oxidants such as the hydroxyl 

: 31s-

e that this 
makes sense.  Also, I do not believe that these studies prove that complex deficiency 

-Huei 
d 

ed 
use 

s 

on 
dant protection frequently occur, but they are not universal features 

of aging. Instead, age-dependent changes in these parameters appear to be species-, 
n 

e 
 

ed on a theory which is correct and that 
investigators should stop trying to support the flawed Free Radi-Crap theory.  They 

ake ATP 
n

e to 

The mitochondrial enzyme, MnSOD, converts 
 

radicals and singlet oxygen through metal-chelate-complex-catalyzed reactions (Sies, H. 
(1991) Oxidative stress: from basic research to clinical application. Am. J. Med. 91
38s). Even though the other two complex I deficient patients in this study have a 
more severe defect in electron transport, they have only a modest increase in 
production of hydroxyl radicals (X2) and milder symptoms. I do not believ

pathology results from excessive EMODs. 

8.1.9 Aging, mtDNA Mutation and EMODs 

Some of the following material was excerpted, abstracted or modified from:  (Yau
Wei and Hsin-Chen Lee.  Oxidative Stress, Mitochondrial DNA Mutation, an
Impairment of Antioxidant Enzymes in Aging.  Experimental Biology and Medicine 
227:671-682 (2002) and (Rikans LE, Hornbrook KR.   Lipid peroxidation, antioxidant 
protection and aging. Biochim Biophys Acta. 1997 Dec 31;1362(2-3):116-27). 

The free radical hypothesis of aging proposes that deleterious actions of oxygen-deriv
radicals are responsible for the functional deterioration associated with aging. Beca
cellular membranes house the production apparatus of these radicals and because 
membranes suffer great damage from these radicals, modification of membrane lipid
has been proposed to play a major role in the process of aging. Although the 
relationships between lipid peroxidation and aging have been investigated 
extensively, the studies have produced conflicting results. Increased lipid peroxidati
and decreased antioxi

strain-, sex- and tissue specific. Potential correlations between lipid peroxidatio
and transition metal concentrations or between lipid peroxidation and declining 
antioxidant protection have been obscured by the contradictory nature of th
findings. Future studies should focus on new approaches for the measurement in vivo
lipid peroxidation and on identification of the critical targets of lipid peroxidation.  I 
believe that future studies should be focus

have to stop trying to force their data to fit this theory and to follow their data to 
where it leads them. 

Human cells rely on ATP for growth, differentiation, and response to physiological 
stimuli and environmental challenge. It has been established that mitochondria m
by the coupling of respiration-generated proton gradient with the proton-drive  

phosphorylation of ADP by ATPase. On the other hand, mitochondria are one of the 
major intracellular sources of reactive oxygen species (RONS) and free radicals du
electron leakage from the respiratory chain. 
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It was proposed over 50 years ago that free radicals are the major factor involved in the 
aging process (Harman D. Aging: Theory based on free radical and radiation chem
Gerontol 11:298–300, 1956). The main idea was

istry. J 

s in 

 

s to 
free radical theory of aging'' 

has been widely examined and has gained substantial support from research at the 
f aging 

A 

ributor to 

tDNA 

t that 
 

 

 that aging is caused by the 
accumulation of free radical-elicited oxidative damage to various biological molecule
tissue cells. This contrasts greatly with my theory that aging is a disease of 
deficiencies.  Subsequently, Harman (Harman D. The biological clock: the 
mitochondria? J Am Geriatr Soc 20:145–147, 1972) (Harman D. The aging process. Proc
Natl Acad Sci USA 78:7124– 7128, 1981) refined and altered the hypothesis and 
suggested that mitochondria are the major target of free radical attack that lead
human aging. Unfortunately, in the last two decades, this ``  

 

molecular and cellular levels (Beckman KB, Ames BN. The free radical theory o
matures. Physiol Rev 78:547–581, 1998). It was Miquel and co-workers (Miquel J, 
Economos JE, Johnson JE Jr. Mitochondrial role in cell ageing. Exp Gerontol 15:575–
591, 1980) (Miquel J. An integrated theory of aging as the result of mitochondrial DN
mutation in differentiated cells. Arch Gerontol Geriatr 12:99–117, 1991) who provided 

first experimental support to this theory in early years by showing that oxidative 
damage to mitochondrial DNA (mtDNA) and lipofuscin pigment formation in 
animal tissues are concurrently increased during aging.  

On the basis of the fact that mitochondria are the major intracellular source and 
vulnerable target of EMODs, Linnane et al. put forward another hypothesis in 1989 to 
propose that accumulation of somatic mutations in mtDNA is a major cont
human aging and degenerative diseases. This so-called ``mitochondrial theory of 
aging'' emphasized that increased production of EMODs and accumulation of m
mutations in mitochondria of postmitotic cells are a contributory factor to human aging 
(Linnane AW, Marzuki S, Ozawa T, Tanaka M. Mitochondrial DNA mutations as an 
important. contributor to ageing and degenerative disease. Lancet i:642–645, 1989). 

 In recent years, many feel that convincing data have been accumulated to sugges  

mitochondria act like a timer that ticks all the way through the aging process. Under
normal physiological conditions, a small fraction of the oxygen consumed by 
mitochondria is constantly converted to superoxide anions, hydrogen peroxide, hydroxyl 

radicals, and other EMODs. However, within a certain local concentration range, 
EMODs play important roles in regulating many cellular functions and acting as a
secondary messenger to activate specific transcription factors such as NF- B and
AP-1 (Dalton TP, Shertzer HG, Puga A. Regulation of gene expression by reactive 
oxygen. Annu Rev Pharmacol Toxicol 39:67–101, 1999), an excess production

 

 Mn -dependent superoxide dismutase (MnSOD), 
copper/zinc (Cu/Zn) SOD, glutathione peroxidase (GPx), glutathione reductase (GR), and 

n antioxidant, since it is creating a greater oxidant than was originally 

 of 
EMODs is believed to be harmful to cells, as they appear to be in vitro studies. 
Theoretically, to cope with the RONS, animal and human cells express an array of 
antioxidant enzymes, including 2+

 

catalase (CAT). MnSOD and Cu/ZnSOD convert superoxide anions to hydrogen 
peroxide, which is then transformed to water by GPx or by CAT. Actually, hydrogen 
peroxide is a stronger antioxidant than superoxide and technically, SOD is not 
acting as a
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there. However, the activities of these antioxidant enzymes and the concentra
small-molecular-weight antioxidants

tions of 

 that 

f 

line with age. Biochem Biophys Res 
Commun 165:994–1003, 1989) (Wei YH. Oxidative stress and mitochondrial DNA 
mutations in human aging. Proc Soc Exp Biol Med 217:53–63, 1998). In addition, it has 

d are 

n 
. 

 

dem 
, 

over, 

 
hondrial deoxyribonucleic acid genomes in mouse L and human HeLa 

cells. J Biol Chem 249:7991–7995, 1974).  

n 

r the 
 

e 

 in blood and tissue cells are altered (mostly 
declined) in the aging process but so did the availability of oxygen in the blood and
which is delivered to the cells.  

Any signal or stimulus that triggers overproduction of EMODs may induce the 
opening of the membrane permeability transition pore in mitochondria and release o
cytochrome c and other apoptogenic factors, which may ultimately lead the cell into 
apoptosis. 

In the past decade, investigators have established that respiratory function of 
mitochondria seems to decline with age (Yen TC, Chen YS, King KL, Yeh SH, Wei YH. 
Liver mitochondrial respiratory functions dec

been shown that impairment of electron transport chain, elicited by respiratory inhibitors, 
mtDNA mutation, or gene knockout may result in enhanced production of EMODs in 
mitochondria due to incomplete reduction of oxygen. Thus, one can speculate that the 
aging tissues harboring mtDNA mutations exhibit defective respiratory function an
exposed to higher oxidative stress elicited by enhanced production of EMODs in 
mitochondria.  However, there is also evidence that EMOD formation is directly 
related to the amount of oxygen presented to the mitochondrion and that productio
of EMODs follows the law of mass action

In the past 20 years, a large number of large-scale deletions, point mutations, and tan
duplications of mtDNA have been found in various tissues of aged individuals (Lee HC
Wei YH. Mutation and oxidative damage of mitochondrial DNA and defective turn
of mitochondria in human aging. J Formos Med Assoc 96:770–778, 1997). Each 
mammalian cell contains several hundred to more than one thousand mitochondria, 
each of which carries two to 10 copies of mtDNA (Bogenhagen D, Clayton DA. The
number of mitoc

The mutant mtDNA(s) usually co-exist with the wild-type mtDNA within a cell (a 
condition termed heteroplasmy), and the degree of heteroplasmy often varies in 
different tissues of the same individual (Wei YH. Mitochondrial DNA alterations as 
ageing-associated molecular events. Mutat Res 275:145–155, 1992) (Wallace DC. 
Mitochondrial DNA sequence variation in human evolution and disease. Proc Natl Acad 
Sci USA 91:8739–8746, 1994). The random segregation of mtDNA during cell divisio
often results in the mosaic pattern of distribution of mutant mtDNA molecules in the 
affected tissues.  

It has been established that many of these mtDNA mutations start to occur afte
mid-thirties and they accumulate with age in postmitotic tissues of the human body
(Lee HC, Wei YH. Mutation and oxidative damage of mitochondrial DNA and defectiv
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turnover of mitochondria in human aging. J Formos Med Assoc 96:770–778, 1997) (Le
HC, Pang CY, Hsu HS, Wei YH. Differential accumulations of 4,977 bp deletion in 
mitochondrial DNA of various tissues in human ageing. Biochim Biophys Acta 1226:37–
43, 1994) (Fahn HJ, Wang LS, Hsieh RH, Chang SC, Kao SH, Huang MH, Wei YH. 
Age-related 4,977 bp deletion in human lung mitochondrial DNA. Am J Respir Crit Care
Med 154:1141–1145, 1996).

e 

 

 is the 
ts at 

rnal
le 
 

4 and np 3,243 of mtDNA, which are 
respectively associated with myoclonic epilepsy and ragged-red fibers (MERRF) and 

 

gion 

 and brain have so 
few mtDNA mutations since they are in organs with such high oxidative capacity 

n 
 

y reach 

t 

. The 

orylation are encoded
by mtDNA. The respiratory function and number of mitochondria are delicately 
regulated by a coordinated expression of mitochondrial proteins encoded by the nuclear 

  

Some of these aging-associated mtDNA mutations were originally observed in the 
affected tissues of patients with mitochondrial diseases. The most common one
4,977-bp deletion with a 13-bp direct repeat flanking the 5`- and 3`-end breakpoin
nucleotide position (np) 8,470/8,482 and np 13,447/13,459, respectively. This mtDNA 
deletion was first observed in the muscle of patients with chronic progressive exte  

ophthalmoplegia, Kearns-Sayre syndrome, and Pearsons' syndrome. Multiple large-sca
deletions of mtDNA can be easily detected, but at different levels in a number of tissues
of elderly subjects. Two point mutations at np 8,34  

 

mitochondrial encephalomyopathy, lactic acidosis and stroke like episodes (MELAS)
syndromes, have been also found to accumulate in the muscle of aged individuals. 
Recently, it was reported that a T414G transversion in the D-loop of mtDNA is 

accumulated at 25%–50% of the total mtDNA in the skin fibroblasts from elderly 
subjects. It is noteworthy that there is a high degree of heteroplasmy in the D-loop re
of mtDNA in the human brain, and the sequence variations are increased in aged 
individuals (Jazin EE, Cavelier L, Eriksson I, Oreland L, Gyllensten U. Human brain 
contains high levels of heteroplasmy in the noncoding regions of mitochondrial DNA. 
Proc Natl Acad Sci USA 93:12382–12387, 1996). 

The proportions of mtDNA with these mutations in aging human tissues rarely 
exceed 1%.  I find it incredible that postmitotic cells in the heart

and oxygen utilization.  Not believing their own data, Hayakawa et al. (Hayakawa M, 
Katsumata K, Yoneda M, Tanaka M, Sugiyama S, Ozawa T. Age-related extensive 
fragmentation of mitochondrial DNA into minicircles. Biochem Biophys Res Commu
226:369–377, 1996) found that mtDNA molecules in the heart muscle of elderly subjects
were extensively fragmented into minicircles with different sizes. As a result, the total 
amount of mtDNA mutations, including point mutations and length mutations, ma  

such a high level that it could cause significant impairment on mitochondrial respiration 
and oxidative phosphorylation.  So, maybe they found a way to force their data to fi
the mtDNA mutation theory but I believe it is on shaky ground.  

It is generally accepted that accumulation of mutated mtDNA is a contributory factor for 
the age-dependent decline of the respiratory function, especially in postmitotic cells
five enzyme complexes in the respiratory chain are composed of more than 100 
polypeptides, most of which are encoded by genes in the nuclear genome. However, 13 
polypeptides involved in the respiration and oxidative phosph  
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and mitochondrial genomes (Poyton RO, McEwen JE. Crosstalk between nuclear and 
mitochondrial genomes. Annu Rev Biochem 65:563–607, 1996). It was recently 
demonstrated that mitochondrial biogenesis and respiration of the human cells are 
vigorously controlled by the nuclear respiratory factors NRF-1 and NRF-2, mitochondrial 

 
use 

ed with 

d 

le, respectively. Beside this, it was 
observed that the extent of mtDNA mutation strongly correlates with the progressive 

 

 are significantly reduced. J Biol Chem 268:18891–18897, 
1993) and in the aging tissues of the human and rats (57–60).  Here is the first exception 

ing force for 
oxidative phosphorylation, is decreased in tissue cells of old animals. This was 

pported by the recent work of Harper and co-workers (Harper ME, Monemdjou S, 
ease 

98), 

er 

 

in the human cell, it is expected that mitochondrial 

transcription factor A (mtTFA), and the thermogenic coactivator PGC-1 (a 90-kDa 
nuclear protein). Thus, any molecular defect that leads to altered expression of the
mtDNA-encoded genes or impairment in the biogenesis of mitochondria would ca
a deficiency in energy metabolism of the affected tissue cells. 

There are three lines of research that lead to the same conclusion that bioenergetic 
function of mitochondria declines with age. First, it was found that cytochrome c 
oxidase-negative fibers in human heart, ocular muscle, and diaphragm are increas
age. Second, it was demonstrated in late 1980s that the respiratory function of isolate
mitochondria and electron transfer activities of respiratory enzyme complexes gradually 

decline with age in human liver and skeletal musc
 

decrease of cytochrome c oxidase activity in aging human muscle. 

On the other hand, a reduction in the steady-state levels of mtRNA was reported in 
Drosophila melanogaster (Calleja M, Pena P, Ugalde C, Ferreiro C, Marco R, Garesse
R. Mitochondrial DNA remains intact during Drosophila aging, but the levels of 
mitochondrial transcripts

 

or paradox to their rule for mtDNA and aging. 

 It was demonstrated that the efficiency of mitochondrial transcription is decreased in 
aged tissues of the rat. However, the mtDNA copy number was found to increase with 
age in D. melanogaster and in various tissues of the rat and humans, respectively. 
Here is another exception or paradox.  It was argued that the age-related increase in 
mtDNA content is not correlated with the lower level of transcripts and a decline in 
mitochondrial function.  

Third, it was found that the mitochondrial membrane potential, the driv
 

su
Ramsey JJ, Weindruch R. Age-related increase in mitochondrial proton leak and decr
in ATP turnover reactions in mouse hepatocytes. Am J Physiol 275:E197–E206, 19
who demonstrated quantitatively that the proton leakage of the respiratory chain (for 
heat production) is increased and ATP synthesis is decreased with age in the liv
mitochondria of the mouse. Taken together, data accumulated from the above three lines 
of research strongly support the view, in the minds of many, that the bioenergetic 
function of mitochondria declines with age in the human and animals. 

Because mitochondria are not only the main producer of ATP but are also the major 
intracellular source of RONS  
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disorders be primarily manifested in the organs or tissues that have a high demand 

for energy. Under normal physiological conditions, RONS and free radicals (e.g., 
ubisemiquinone and flavosemiquinone) are generated and maintained at a relatively high
steady-state level in mitochondria of tissue cells. Respiratory enzyme Complex I and 
protonmotive Q cycle operating

 

ONS in 

 

release by mitochondria increases during aging. Mech Ageing Dev 57:187–202, 1991) 

st 

e 

e production of D. melanogaster under 
oxidative stress is related to the oxidative damage to mtDNA and membrane lipids of 

gen

OD

low and 

ial 

to 

 

 the 

e been shown to increase with age. In addition, the 8-
OHdG contents in the mtDNA of human diaphragm, heart muscle, and brain tissues were 
found to increase in an age-dependent manner (Hayakawa M, Hattori K, Sugiyama S, 

 in Complex III are the major sites that generate R
the respiratory chain.  

It was estimated that one normal rat liver mitochondrion can produce about 3 x 107 
superoxide anions in a day. 

The rate of production of superoxide anions and hydrogen peroxide in mitochondria
is increased with age in animal tissues (Sohal RS, Sohal BH. Hydrogen peroxide 

(Perez-Campo R, Lopez-Torres M, Cadenas S, Rojas C, Barja G. The rate of free radical 
production as a determinant of the rate of aging: evidence from the comparative 
approach. J Comp Physiol 168:149– 158, 1998).  I believe that this must be a 
compensatory increase of EMODs, due to the fact that oxygen consumption and 
oxygen utilization is decreased with age and the prooxidant protective system mu
be maintained for good health.  I also question how this data was accumulated 
because the overall numbers of functional mitochondria decreases with age and it is 
illogical that they could produce such increased amounts of EMODs.  Thus, this may b
relative increase of EMODs production. 

It was found that the increase in hydrogen peroxid
 

mitochondria.  It was further demonstrated that the average lifespan of dipteran flies is 
inversely correlated with the rate of production of superoxide anions and hydro  

peroxide in mitochondria and with the level of protein carbonyls in the tissue cells. 
Moreover, the age-related increase in the rate of generation of hydrogen peroxide in 
mitochondria was observed to decrease 40% in the fruit flies overexpressing Cu/ZnS  

and catalase as compared with the wild-type flies. Therefore, the rate and amount of 
hydrogen peroxide generated by mitochondria is an important determinant of the 
oxidative damage sustained by mitochondria.  I believe that this does not fol
is contrary to the beneficial effects of exercise. 

Richter et al. (Richter C, Park JW, Ames BN. Normal oxidative damage to mitochondr
and nuclear DNA is extensive. Proc Natl Acad Sci USA 85:6465–6467, 1988) first 
demonstrated that oxidative damage to mtDNA is much more extensive than that 
nuclear DNA. The specific content of 8-hydroxy 2`-deoxyguanosine (8-OHdG), an index
of oxidative damage to DNA, of mtDNA was about 16 times higher than that of 
nuclear DNA in the liver of 3-month-old rats. The 8-OHdG level in liver mtDNA of the 
24-month-old rat was three times higher than that of the 3-month-old rat. Moreover,
levels of oxidative stress and proteins with oxidative modification and lipid 
peroxides in mitochondria hav  
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Ozawa T. Age-associated oxygen damage and mutations in mitochondrial DNA in human 
heart. Biochem Biophys Res Commun 189:979–985, 1992). These observations are 
consistent with the report that mitochondrial glutathione is markedly oxidized with aging
in the rat and mouse. The ratio between the
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olin N, Scarlato G, 
Attardi G. Aging-dependent functional alterations of mitochondrial DNA (mtDNA) from 

 
 

the age-dependent decline of respiratory function of the cybrids.

f 

rease 

 

nt 

an cells following 
oxidative stress. Proc Natl Acad Sci USA 94:514–519, 1997). This is always done 

the 

 

with aging.  I believe that is the understatement of the year. 

 oxidized and reduced glutathione rises w
age in the liver, kidney, and brain of these animals. The 8-OHdG content of mtDNA was 
also found to increase with age of the rat and mouse. Moreover, these investigators 
showed that oral administration of antioxidants protected the animals from glutathion  

oxidation and mtDNA damage. 

Several recent studies also demonstrated that human cells harboring mutated mtD
and/or defective mitochondria had lower respiratory function and exhibited higher 
rate of production of superoxide anions, hydroxyl radicals, and hydrogen peroxi
(Luo X, Pitkanen S, Kassovska-Bratinova S, Robinson BH, Lehotay D. Excessive 
formation of hydroxyl radicals and aldehydic lipid peroxidation products in cultured skin 
fibroblasts from patients with Complex I deficiency. J Clin Invest 99:2877–2882, 1997). 
Laderman et al. (Laderman KA, Penny JR, Mazzucchelli F, Bres

fibroblasts transformed into mtDNA-less cells. J Biol Chem 271:15891–15897, 1996) 
investigated the respiratory function of a series of cybrids constructed by fusion of 
mtDNA-less human osteosarcoma cells with human fibroblasts from donors of different 
ages. They showed that both growth potential and oxygen consumption rate of the 
cybrids with respiratory deficiency are significantly lower for those made from the
fibroblasts of older donors. They suggested that accumulation of age-dependent mtDNA
mutations resulting from damage by free radicals and EMODs might be responsible for 

  

On the other hand, age-related increase in mitochondria may provide an extra source o
oxidants. Over proliferation of abnormal mitochondria generally occurs in the 
muscle of aged individuals and of patients with mitochondrial myopathy. An inc
in mtDNA copy number has been observed in aging human tissues. In addition, both 
mitochondrial mass and mtDNA copy number are increased during in vivo aging 
process and in vitro cellular replicative senescence. EMODs production was found to
be elevated in the cells harboring higher density of mitochondria.  

Mitochondrial function is sharply declined in cultured human cells after treatme
with hydrogen peroxide (Yakes FM, van Houten B. Mitochondrial DNA damage is 
more extensive and persists longer than nuclear DNA damage in hum

under highly artifactual in vitro conditions.  Moreover, it was recently shown that an 
increase in mitochondrial ROS production contributes to the decline in the activities of 
NADH dehydrogenase and succinate dehydrogenase in skeletal muscle and heart of the 
MnSOD-deficient mice. This is the first direct proof that mitochondrial respiratory 
function is impaired under oxidative stress. However, it remains unclear whether 
decline in mitochondrial respiratory function during aging mainly results from 
oxidative stress or is a consequence of synergistic effects of many factors associated
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It is generally accepted that the activities and capacities of antioxidant systems of tissu
cells are declined with age,

e 
g to the gradual loss of prooxidant/antioxidant balance 

and accumulation of oxidative damage in the aging process. Although many investigators 
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ere defect in mitochondrial function, 

increased cortical damage in ischemic injury, and enhanced oxidative damage to 

y 

considerable pathology because of its interference with the balance of EMODs 

 

   

ed compact DNA molecule without protection 

able 
ewycz 

 leadin

have studied aged-related changes in antioxidant defenses, the results are controversial 
(Rikans LE, Hornbrook KR. Lipid peroxidation, antioxidant protection and aging. 
Biochim Biophys Acta 1362:116–127, 1997). The activity of MnSOD located in the 
mitochondria is most significantly elevated during aging in various tissues of the 

human and animals. Thus, if SOD is an antioxidant, there should be lower levels o
EMODs instead of higher levels. 

Recently, it was found that human cells overexpressing MnSOD resulted in cell cycle 
arrest, decrease in mitochondrial mass, accumulation of intracellular hydrogen 
peroxide, and induction of mRNA levels of matrix-degrading metalloprotease-1, whic  

plays a major role in the process of carcinogenesis and aging (Wenk J, Brenneisen P, 
Walschek M, Poswig A, Brivibas K, Oberley TD, Scharffetter-Kochanek K. Stable 
overexpression of manganese superoxide dismutase in mitochondria identifies hy
peroxide as a major matrix-degrading metalloprotease-1. J Biol Chem 274:25869–2587
1999). This indicates that superoxide anions produced by mitochondria may be scaveng
by MnSOD, but hydrogen peroxide thus accumulated in mitochondria may incre
oxidative stress during the aging process (this will not happen if normal lev
CAT are present). Moreover, the recently developed MnSOD knockout mice exhib
dilated cardiomyopathy, neonatal lethality, sev  

 

mitochondria (Li Y, Huang TT, Carlson EJ, Melvo S, Ursell PC, Olson JL, Noble LJ, 
Yoshimura MP, Berge C, Chan PH, Wallace DC, Epstein CJ. Dilated cardiomyopath
and neonatal lethality in mutant mice lacking manganese superoxide dismutase. Nat 
Genet 11:376–381, 1995).  I believe that overexpressing MnSOD produced 

species needed for normal cellular function. 

Although the proportion of the mutant mtDNA was found to correlate with the 8-OHdG
content of mtDNA, it is poorly understood as to how oxidative stress or EMODs 
causes mtDNA mutations.  This is very a important fact relative to the normal 
increased vulnerability and lack of protection of mtDNA, when compared to nDNA.

Human mtDNA is a nak
by histones or DNA-binding proteins, and it is replicated rapidly by a 
unique D-loop mechanism without proofreading (Clayton DA. Replication 
and transcription of vertebrate mitochondrial DNA. Annu Rev Cell Biol 7:453–478, 
1991). The presence of the D-loop during replication of mtDNA elicit many large-scale 
deletions that have occurred in the large arc between the replication origins of the heavy 
and light strands of mtDNA. 

MtDNA is attached to the mitochondrial inner membrane in which a consider
amount of EMODs are continually produced by the respiratory chain (Hruszk
AM. Lipid peroxidation and mtDNA degeneration. A hypothesis. Mutat Res 275:243–
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248, 1992). These characteristics have rendered mtDNA especially vulnerable to attack
by EMODs and free radicals

 
in of 

3) 
y 

nd brain of the mice lacking adenine 
nucleotide translocase (ANT) produced markedly increased amounts of EMODs. Most 

d 
the 

s greater 
t DNA 

stem such 
A. 

 
e 

 

t remove the other modified nucleobases 

such as 2,6-diamino-4-hydroxy-5-formamidopyrimidine. Recombinational DNA repair 

s 
oda 

 generated by the electron leakage of the respiratory cha
mitochondria, particularly in the aging tissue cells.  

Adachi and co-workers (Adachi K, Fujiura Y, Mayumi F, Nozuhara A, Sugiu Y, 
Sakanashi T, Hidaka T, Toshima H. A deletion of mitochondrial DNA in murine 
doxorubicin-induced cardiotoxicity. Biochem Biophys Res Commun 195:945–951, 199
demonstrated that EMODs may cause large-scale deletion of mtDNA in animals. The
detected a 4-kb deletion of mtDNA in the heart of the Balb/c mice that had received 
chronic intraperitoneal injection of doxorubicin, which is known to induce 
cardiomyopathy and elicit profound lipid peroxidation of heart mitochondria. 
Moreover, they found that administration of coenzyme Q10 (a free radical scavenger) to 
the mice could effectively prevent the mtDNA deletion and could decrease the lipid 
peroxides content of the heart mitochondria.  In another model, they demonstrated that 
the mitochondria from skeletal muscle, heart, a

 

importantly, a host of deletions and rearrangements of mtDNA were induced in the heart 
muscle of ant1 knockout mice. It remains to be established as to how mtDNA mutations 
are initiated or promoted by EMODs and free radicals.  These molecular, biological an
biochemical studies have provided confusing and conflicting evidence to support 

position that oxidative damage is generally accompanied by defects in mitochondrial 
respiration and oxidative phosphorylation. 

Oxidative damage to mtDNA occurs at a frequency approximately 20 time
than that for nuclear DNA. It is expected that mitochondria would need efficien
repair mechanisms to remove oxidative damage for the damage to their own DNA. The 
base excision repair (BER) is an important mechanism for the removal of oxidative 
DNA damage. Recent studies revealed that mitochondria contain the BER sy
as uracil- or 8-OHdG DNA glycosylase (Takao M, Aburatani H, Kobayashi K, Yasui 
Mitochondrial targeting of human DNA glycosylases for repair of oxidative DNA 
damage. Nucleic Acids Res 26:2917–2922, 1998), apurinic/apyrimidinic (AP) 
endonucleases, and 8-OHdGTPase. In the process of DNA repair by BER, DNA 
glycosylase recognizes a damaged base and then cleaves the N-glycosyl bond between the
sugar and the base to generate an AP site. Some glycosylases have an associated AP lyas
activity that cleaves the DNA phosphate backbone, whereas others rely on AP 
endonucleases for strand cleavage. A phosphodiesterase then excises the unsaturated 
sugar derivatives at the 3` end of the DNA, and the gap of one nucleotide thus generated 
is bridged by a DNA polymerase and the ends are sealed by a DNA ligase. The 8-OHdG
residues in oxidatively modified mtDNA molecules may be removed by mitochondrial 8-
OHdGTPase. However, this enzyme does no

has also been reported to exist in mammalian mitochondria. However, UV damage 
cannot be repaired in mitochondria because nucleotide excision repair (NER) exist
in the nucleus but does not appear to be present in mitochondria (Clayton DA, D
JN, Friedberg EC. The absence of a pyrimidine dimer repair mechanism in mammalian 
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mitochondria. Proc Natl Acad Sci USA 71:2777–2781, 1974) (Sancer A. DNA excision 
repair. A   nnu Rev Biochem 65:43–81, 1996).

se activity in rat 
mitochondria. Nucleic Acids Res 27:1935–1942, 1999) demonstrated that 8-OHdG 

 of 

ly 

m and their subsequent import into mitochondria. 
ROS and some metabolites that regulate the activation of specific transcription factors, 

death of 

Oxygen tension in tissue cells, exercise, and hormone levels have been shown to be 
al 

 

n 
e sequential activation of nuclear genes 

governing mitochondrial proliferation and differentiation. Proc Natl Acad Sci USA 

d their 
constituents including mtDNA are particularly vulnerable to oxidative damage.  Yet, 

atic systems, most mitochondria function very 
well for a lifetime.  

Souza-Pinto et al. (Souza-Pinto NC, Croteau DL, Hudson EK, Hansford RG, Bohr AA. 
Age-associated increase in 8-oxo-deoxyguanosine glycosylase/AP lya

glycosylase/AP lyase activity was increased with age in rat heart and liver 
mitochondria. By contrast, the activity of endonuclease G, which is the major 
mitochondrial endonuclease, was found to decrease with age in the heart mitochondria
the rat.  

The DNA repair system in human mitochondria is not fully competent in the repair 
of various types of damage caused by EMODs and free radicals.   

Even though the activities of some of the endonucleases capable of repairing 
oxidative damage are upregulated in the aging tissues, some others are unchanged 
(e.g., uracil DNA glycosylase) or even declined (e.g., endonuclease G).  This on
serves to confuse the already confused view of the Free Radi-Crap theory of aging. 

Communication between the nucleus and mitochondria is essential for delicate regulation 

of synthesis of proteins in the cytoplas  

which may exert their functions in the nucleus, have been proposed to be among the 
signals for communication between mitochondria and the nucleus. Beside the effects of 
the nuclear genome on the expression of mitochondrial genes, the mitochondrial 

genome can also affect the expression of some nuclear DNA-encoded mitochondrial 
proteins (Grossman LI, Shoubridge EA. Mitochondrial genetics and human disease. 
BioEssays 18:983–991, 1996) (Lee HC, Wei YH. Mitochondrial role in life and 
the cell. J Biomed Sci 7:2–15, 2000).  

able to regulate the mRNA levels of cytochrome c oxidase subunits in the mamm
(Williams RS, Salmons S, Newsholme EA, Kaufman RE, Mellor J. Regulation of nuclear
and mitochondrial gene expression by contractile activity in skeletal muscle. J Biol Chem 
261:376–380, 1986) (Xia Y, Buja LM, Scarpulla RC, McMillin JB. Electrical stimulatio
of neonatal cardiomyocytes results in th

94:11399–11404, 1997).  

Mitochondria are sensors for the regulation of energy metabolism and for the 
release of EMODs in response to cellular needs and stimuli. Mitochondria an

 

even with inadequate repair enzym
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A causal relationship between oxidative modification and mutation of mtDNA, 
mitochondrial dysfunction, and aging has not emerged. Understanding of the age-related 

changes in the structu  re and function of mitochondria in the aging process is critical for 
the elucidation of the molecular basis of RONS as it relates to disease and aging.  

vey, 

e 

t 

....”. Ames et al believe that during 
aging, oxidation of proteins deforms them and “...thus decreases the affinity of many 
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8.1.10 B COMPLEX VITAMINS  

 Most of the ATP made by mitochondria is produced by the ETC (Champe, P. & Har
R. Lippincott’s Illustrated Reviews: Biochemistry. Philadelphia: J.B. Lippincott. 1994. 
Pp. 66-73, 105-09).  

The ETC requires three products from the TCA cycle - NADH, succinate, and FADH2 - 
to initiate ETC oxidative phosphorylation with ETC complexes I and II.  NADH is th
reduced coenzyme form of vitamin B3, while FADH2 is the reduced coenzyme form 
of vitamin B2.  There appears to be an essentiality of B vitamins for efficient TCA 
action. It is in the coenzyme form that B vitamins serve to activate TCA cycle enzymes, 
as well as begin the activity of ETC complex I and II. Ames and colleagues point out tha
“High levels of vitamins have been used successfully to treat many human genetic 
diseases.... The therapeutic vitamin regimens work by increasing intracellular coenzyme 
concentrations, stimulating a defective enzyme

enzymes for their substrates or coenzymes.”  Thus, th

(oxidant damaged) enzymes, thereby increasing age/oxidant damaged enzyme ac
10 -100mg B1 and B2, 25 -100mg B6, 50 - 250mg B3, 50 - 200mg B5 (pantothenic ac
300 - 10,000 mcg biotin, and 100 - 1000 mcg B12 may help stimulate TCA activi
consequent increase in ETC ATP production. 

8.1.11 ACETYL L-CARNITINE & LIPOIC ACID   

ACETYL L-CARNITINE & LIPOIC ACID  Acetyl l-carnitine is a natural 
constituent of the inner mitochondrial membrane, especially in heart, brain, and
muscle (Liu, J. et al (2002) “Delaying brain mitochondrial decay and aging with 
mitochondrial antioxidants and metabolites” Ann NY Acad Sci 959: 133-66), where it 
serves as a precursor for acetyl CoA, the start of TCA.  Acetyl l-car

mitochondrial pathways (Shigenaga, M. et al (1994) “Oxidative damage and 
mitochondrial decay in aging” Proc Natl Acad Sci USA 91: 10771-78).  Chronic feed
of Acetyl l-carnitine to rats reduces lipofuscin accumulation in prefrontal cortex a
hippocampus neurons in rats, and lipofuscin is in large part the waste product of 
mitochondrial membrane debris (Miquel, J. (1992) “An update on the mitochondrial
DNA mutation hypothesis of cell aging” Mutat Res 275: 209-16).  

Feeding Acetyl l-carnitine to rats completely reverses the age-related decrease in the 
critical membrane phospholipid cardiolipin. Cardiolipin is essential for the prope
structural positioning and functioning of key ETC membrane components, 
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including cytochrome oxidase (complex IV), the adenine nucleotide translocator 
(necessary to send ATP from the mitochondria to the cell where it is needed), ATP 
synthase (complex V, which converts ADP to ATP), the phosphate transporter, and more.
When Acetyl l-carnitine is combined with R-lipoic acid, there is a profound regenerati
of aging rats. “Acetyl l-carnitine + R-lipoic acid partially reversed the age-related decl
in average mitochondrial membrane potential [which drives ATP production] and 
significantly increased... hepatocellular [liver cell] oxygen consumption, indicating that 
mitochondrial-supported cellular metabolism was markedly improved by this feeding 
regimen. Acetyl l-carnitine + R-lipoic acid also increased ambulatory [move
activity in both young and old rats; moreover, the improvement was significantly greate
in old rats... and also greater when compared with old rats fed Acetyl l-carnitine or R
lipoic acid alone.... The hepatocellular ascorbate [vitamin C] level markedly declined 
with age... but was restored to the level seen in young rats when Acetyl l-carnitine + R-
lipoic acid was given. The level of m

  
on 
ine 

ment] 
r 

-

alondialdehyde [a toxic mitochondrial lipid oxidant 
product], which was significantly higher... in old versus young rats, also declined after 

increase lifespan, are also affected [similarly] by Acetyl l-carnitine + R-lipoic acid 
n, T. et al (2002) “Feeding acetyl-L-carnitine and lipoic acid to 

old rats significantly improves metabolic function while decreasing oxidative stress” Proc 

 
rebral 

ge in the 
 

erse this trend. 
They were able to reduce by 45% the number of extremely large, unable to divide, 

re also 
el 

rphological alterations of 
synaptic mitochondria during aging” Ann NY Acad Sci 717: 137-49).  

Acetyl l-carnitine + R-lipoic acid supplementation... [to the level] of young 
unsupplemented rats.... [M]any of the cellular effects of caloric restriction, which does 

supplementation.” (Hage

Natl Acad Sci USA 99: 1870-75).  

A daily dosage of 750-1500mg Acetyl l-carnitine twice daily plus 50mg-100mg R-lipoic 
acid two or three times daily thus seems a prudent way to reverse mitochondrial aging. 

8.1.12 HYDERGINE   

“Hydergine is now currently administered as a metabolic enhancer able to improve 
several aspects of the neuronal metabolism and neurotransmitter activity. It is widely 
documented that this [drug] increases stores of ATP, stabilizes the CAMP content of the
nerve cells, improves brain glucose utilization [for ATP production] and, in turn, ce
microcirculation.” (7). Based on these facts about Hydergine, Bertoni-Freddari and 
colleagues used Hydergine to see if they could alter the morphology of aging 
mitochondria in rats. They found that with aging, there was no significant chan
cellular volume of mitochondria, but that there were fewer mitochondria, and these of
large size, compared to large numbers of small mitochondria in young and adult rats. 
When they fed Hydergine to old rats, they were able to significantly rev

mitochondria in old rats, to levels of those close to young and adult rats. They we
able to increase the numerical density of mitochondria in neurons of old rats to a lev
close to that of young rats, while Hydergine reduced the mean size of aged rat 
mitochondria to a number similar to that of adult rats, and smaller than mean size of 
young rat mitochondria (Bertoni-Freddari, C. et al (1994) “Mo
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They conclude that chronic Hydergine treatment is able to induce smaller, more 
numerous brain synaptic mitochondria in old rats, presumably leading to increased 
mitochondrial energy production as well. For humans, a daily dose of 6 - 9mg Hydergin
has been shown safe and is widely used in Europe. Rejuvenation of aging brain synapt
mitochondria may be one more indication for Hydergine use. 

8.1.13 ATP  

 In his 1981 article on bio-energy supplements, McCarty reports that various nucle
(adenosine, inosine) and nucleotides (ATP, inosine monophosphate) have been used 
clinically in Europe for decades. Adenosine and ATP have been the preferred German 
nucleosides/tides. “Although all tissues require [adenosine] nucleotides for an en
source (ATP)..., not all tissues have an optimal capacity for de novo nucleotide 
production. Indeed it appears that many tissues have an absolute or partial dependence on
an external source, if they are to function optimally....Most cell membranes possess 
transport mechanisms enabling the transfer of nucleosides... from the extracellular sp
[i.e. blood] to the cytosol, where these nucleosides can then be phosphorylated to 
nucleotides [AMP, ADP, ATP] by special kinases.... Hepatocyte ATP levels can indeed 
be substantially raised by adenosine” (Bertoni-Freddari, C. et al (1994) “Morphological 
alterations of synaptic mitochondria during aging” Ann NY Acad Sci 717: 137-
49).McCarty notes that nucleotides such as ATP are quickly converted into adenosine by
blood phosphatase enzymes when given by injection or sublingually. Adenosine/ATP
digested when swallowed. But since cells can absorb blood-carried adenosine a
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osides 

ergy 

 

ace 

 
 is 

nd convert 
it to AMP and ADP, the precursors of ATP, sublingual ATP supplements promise a 

ld up 
lier, 
de, 

mmings Pub Co. 1990. Pp. 83-5).This 
is why Lund et al were able to increase (in vitro) liver cell ATP 3-fold in 60 minutes by 

denosine (Lund, P. et al (1975) “Effect of adenosine on the adenine 
nucleotide content and metabolism of hepatocytes” Biochem J. 152: 593-99).  

Since German studies have found even 2 - 3mg sublingual adenosine effective, a 
sublingual dose of 5mg - 10mg ATP daily should be useful to stimulate age-slowing 
mitochondrial energy production. (Ed.- Bio-Pro( is a sublingual liquid that uniquely 
contains 2mg ATP and 2mg of NADH per spray). 

8.1.14 NADH   

NADH is the reduced (high energy) coenzyme form of vitamin B3. It is also the product 
of the TCA cycle that initiates ATP production by the ETC through activation of ETC 
enzyme complex I. In a small scale double blind study with chronic fatigue syndrome 
patients, Forsythe and colleagues found a significant improvement in energy levels 
among patients receiving 10mg NADH daily for four weeks (31% improved) versus 
placebo (8% improved). “Further, 18 of 25 (72%) study patients thus far enrolled in a 
longer open label follow-up study reported significant improvement in... energy levels.” 

“short cut” way to quickly raise cellular ATP levels. Indeed, when ADP levels bui
inside cells, this activates the mitochondrial state 3 energy metabolism mentioned ear
which activates the ETC into “higher gear” ATP production (Mathews, C. & van Hol
K. Biochemistry. Redwood City CA: Benjamin/Cu

adding 0.5 mM a
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(Forsyth, L. et al (1999) “Therapeutic effects of oral NADH on the symptoms of patien
with chronic fatigue syndrome” Ann Allergy Asthma Immunol 82: 185-91). NAD
also shown impressive improvement in double-blind studies with Parkinson’s patie
a German clinic (Birkmayer, G. NADH - The Energizing Coenzyme. New Canaan

ts 
H has 
nts at 
: 

Keats. 1998). Mitochondrial oxidative damage and decreased function is a key factor in 
se (Miquel, J. (2002) “Can antioxidant diet supplementation protect 

against age-related mitochondrial damage?” Ann NY Acad Sci 959: 508-16).  
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been reported, that the normal level of CoQ in the mitochondrial membrane is below that 
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ge-typical 

 

 force compared to untreated controls. However, decyl Q 
“...restored muscle function and produced fatigue profiles similar to those of [AZT-] 

dria prepared 
from rats treated with idebenone.... Our experiments suggest that idebenone, by 

sine levels and nucleotide phosphorylation [i.e. ATP production], 
may be beneficial....” (Latini, S. et al (1993) “Effect of idebenone on adenosine outflow 

Parkinson’s disea

A sublingual form of NADH may be optimal, since some swallowed NADH might 
broken down by digestion, while sublingual NADH will penetrate right into t
bloodstream. 5mg - 10mg NADH is a typical therapeutic dose. (Ed.- Bio-Pro( is a 
sublingual liquid that uniquely contains 2mg ATP and 2mg of NADH per spray). 

8.1.15 CoQ1O   

IDEBENONE  CoQ1O is a key player in the mitochondrial ETC. CoQ1O receives 
electrons from ETC complex I (NADH dehydrogenase) and complex II (succinate 
dehydrogenase) and passes them on to complex III (Wallace, D. et al (1998) 
“Mitochondrial biology, degenerative diseases and aging” BioFactors 7: 187-90). “It has

required for kinetic saturation [maximum activity] of complex I. This finding indicates 
strongly that CoQ might be a rate-limiting component in the respiratory chain [ETC], 
especially in the mitochondria of injured tissues.” (Bliznakov,E. (1999) “Aging, 
mitochondria and coenzyme Q10: the neglected relationship” Biochimie 81: 1131-32)
CoQ1O is also a powerful antioxidant that protects the ETC from the oxidants they 
produce (27). “The biosynthesis of CoQ is particularly complex....” (Lenaz, G. et al 
(2000) “Mitochondrial bioenergetics in aging” Biochim Biophys Acta 1459: 397-404).  

That the biosynthesis of CoQ1O in aging tissues is inadequate is obvious from the
that the CoQ10 content in hearts from humans 77 - 81 years old is only 43% of that 
present in 19 - 21 year old hearts. In a mouse life span CoQ study, at month 39 50% of 
the CoQ mice were still alive, versus only 25% of the controls. Average life span fo
controls was about 31 months, versus 37 months for the CoQ mice. Even more notice
was the far greater activity level in the CoQ mice - an obvious reversal of the a
drop in the ratio of state 3 (energized): state 4 (idling) mitochondrial energy production. 

Idebenone is an analogue of CoQ10, is also called hydroxydecyl Q. Linnane and 
associates used AZT to induce mitochondrial damage in rats. Some of AZT rats were also
fed decyl Q, a close analogue of idebenone. The AZT mitochondrially damaged rats had 
a dramatic drop in muscle

untreated rats....”.  Latini et al reported that “A stimulation of respiratory and 
phosphorylating [i.e. ETC ATP production] has been observed in mitochon

increasing brain adeno
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and adenine nucleotide level in hippocampal slices under ischemia-like conditions” Eur J 
Pharmacol 249: 65-70).  

Thus, idebenone may be a useful adjunct to CoQ10 or mitochondrial energy 
enhancement. 100mg CoQ10 plus 90mg idebenone is a useful basic dose. 

8.1.16 DEPRENYL 

Miquel, the “co-father” of the MTA, believes deprenyl is a useful modality to increas
life span. He states that “...deprenyl attenuates the progressive degen

e 
eration of 

dopaminergic neurons in the nigrostriatum during aging... by mechanisms including a 

 

life 

ne 

e is a highly 
31).  N-acetyl 

cysteine also reacts directly to neutralize the toxic mitochondrially - produced oxidants 
peroxide radical, hydrogen peroxide and hydroxyl radical (31). Since “mitochondrial 

reduced glutathione plays a key role in the protection against damage to mtDNA”, a 

uel, J. et al 

rease 

x I, 
itochondria as compared to non-

treated controls of the same age.”  These results are especially interesting in light of the 

specific protection of mitochondria against respiratory chain-dependent oxygen stress. 
This is probably due to the fact that, in addition to its direct antioxidant action, deprenyl
enhances the activity of mitochondria-protecting superoxide dismutase and catalase, 
increases the expression of glutathione peroxidase, and preserves the mitochondrial 
membrane potential [which is the driving force for ATP production]”. For further 
comments on deprenyl, see my article on the FRTA in this issue. The standard “
extension” dose of deprenyl is 1.5 - 2mg daily (10 - 15mg weekly). 

N-acetyl cysteine  (N-acetyl cysteine (NAC) is an acetylated form of the sulfur amino 
acid cysteine, which is naturally formed in the human body (Borgström, L. et al (1986) 
“Pharmacokinetics of N-acetylcysteine in man” Eur J Clin Pharmacol 31: 217-22). N-
acetyl cysteine is much more stable than cysteine. In a test comparing N-acetyl cystei
to cysteine and two cysteine testers, only 16% of N-acetyl cysteine was oxidized in 
stomach juice compared to 75 - 100% for the other cysteines (Bonahomi, L. & 
Gazzaniga, A. (1980) “Toxicological, pharmacokinetic and metabolic studies on 
acetylcysteine” Eur J Respir Dis 61 (Suppl 111): 45 – 51). N-acetyl cystein
effective precursor of the critical mitochondrial antioxidant glutathione (

su

natural precursor/stimulant of glutathione, such as N-acetyl cysteine should offer mtDNA 
protection. Mitochondria rely on cytosolic glutathione production, unable to make their 
own, and N-acetyl cysteine promotes cytosolic glutathione regeneration (Miq
(1995) “N-acetylcysteine protects against age-related decline of oxidative 
phosphorylation in liver mitochondria” Eur J Pharmacol 292: 333-35).  

 

MTA “co-father” Jaime Miquel and colleagues performed an experiment with young (24 
week old) and old (72 week old) mice. Their experimental results showed “...a dec
in all enzymatic oxidative phosphorylation complexes [I - V] in the liver 
mitochondria of control senescent mice as compared to control adult animals. 
Treatment of mice with N-acetyl cysteine resulted in a significant increase in comple
IV and V [ATP synthase] specific activities in hepatic m
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fact that mtDNA codes for 7 of the 40-plus polypeptides of ETC complex I, 3 of 13 
for complex IV, and 2 of 17 for complex V. The mtDNA encodes for none of complex 

 

8.1.17 CONCLUSION 

llegedly, mitochondrial decay with aging is a basic fact of life and it is a major 
ported that 

pan or decrease 
iseases attributed to oxygen free radicals; nor have they prevented mitochondrial 

oncentrations to significantly affect their absorption. That is, most experimental 

bsorption 

on   Vitamin C (non-Heme)  Polyphenols (tannins) 
ary intake of 

d Mn 

  Phytates 
  Histidine, cysteine, lysine  Oxalate 

Low dietary zinc   Polyphenols 
 

Thiols can also be oxidized in the presence of oxygen, generating sulfur-containing 

ysteine.  Iron ions can also 

II polypeptides and only 1 of 11 for complex III. It would thus seem that N-acetyl
cysteine is probably regenerating ETC activity in aged mice through mtDNA protection. 
A daily dose of 600 - 1200mg N-acetyl cysteine should be a safe and useful part of a 
mitochondrial protection program, taken with food. Slow-release N-acetyl cysteine 
tablets have the poorest bioavailability, so avoid these. 

A
contributor to aging and ultimately death. Many experiments have been re
clearly do not support the MTA or the FRTA.  The vitamins E, A and C, selenium, 
and carnosine regimens  have done nothing to lengthen the life s
d
decay. 

8.2      38.3.1 Transition Metals  
 
In general, a typical diet will not contain these compounds in sufficient 
c
evidence comes from investigations using dietary supplements. 
 
Element  Enhancer of Absorption  Inhibitor of A
     
Ir
   Citric, lactic and tartaric  High Diet
      acid (non-Heme)    Ca, P, Zn an
 
Zinc   Citric acid  
 
   Niacin     Fibers 
   

Copper  Citric, lactic and tartaric  Phytates 
      acid     Zinc 
   Histidine, cysteine, lysine  Iron 
   Vitamin C 
 
Cerebrospinal fluid has no significant iron binding capacity, since its content of 
transferrin is low. 
 

radicals as well as O2
.- and .OH. Thiol oxidation favored by alkaline pH values and by  

the presence of transition metal ions, especially copper ions. Thus, mixtures of 
copper ions and thiols can be cytotoxic, as shown for c
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promote free radical generation from thiols under certain circumstances.  Attempts to 
tems containing iron or copper ions may even result 

in stimulation of oxidative damage. 

GSH-Px has the distinction of being the only human enzyme requiring the element 

8.2.1 Iron (a Brief Primer) 

use thiols as anti-oxidants in sys

 
 

selenium for its activity.  GSH-Px gets rid of H2O2 by using it to oxidize reduced 
glutathione (GSH) into oxidized glutathione (GSSG). 
 

 
Some of the following material was excerpted, abstracted or modified from 
www.pdrhealth.com . 

Iron is an essential trace mineral in human nutrition. It is involved in the entire 
process of respiration, including oxygen transport and electron transport. This is a 

ost common 
nutritional disorder in the world. Approximately 25% of the world's population is iron-

 an 

e 
uce 

l 
combination of these electrons with oxygen to produce water. The final enzyme in the 

esis of 

o 
ubstance. The shift back and forth between its two oxidation 

states—ferrous (II) and ferric (III)—via single electron-transfer reactions is the 

most important fact to keep in mind. 

The principal goal of respiration is the production of biologic energy. Iron-deficiency, 
which can lead to a microcytic, hypochromic anemia, is the m

deficient. Even iron-deficiency states which do not lead to anemia may have global 
effects on human health.  

Iron overload disorders can lead to cirrhosis, coronary heart disease and congestive heart 
failure, among other things. Iron is a transition metal with atomic number 26 and
atomic mass of 55.85 daltons. Its chemical symbol is Fe. Physiologically, iron exists in 
one of two oxidation states: ferrous (II) iron or ferric (III) iron. 

The function and synthesis of hemoglobin, which carries most of the oxygen in th
blood, is dependent on iron. Basic to the electron transport reactions that prod
energy in the mitochondria of cells is the combining of oxygen with hydrogen to form 
water. The reaction occurs by means of a flow of electrons, derived from the oxidation of 
foodstuffs, across electron-carrier proteins called cytochromes, and via the fina

electron transport chain is cytochrome oxidase. The cytochromes and cytochrome 
oxidase rely on iron for their production and function. Iron is also involved in the 
production of myoglobin, L-carnitine and aconitase, all of which are involved in 
energy production in the body. In addition to its fundamental roles in energy 
production, iron is involved in DNA synthesis and iron may also play roles in normal 
brain development and in immune function. Iron is also involved in the synth
collagen and in the synthesis of serotonin, dopamine and norepinephrine. 

Although iron is clearly essential for a wide range of vital biological processes, it is als
a potentially toxic s
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property that makes iron such an essential component of the cytochromes in the 
electron transport chain. Again, iron is designed to participate in redox reactions 
and this is not a bad thing.  However, this redox property also contributes to its 
potential toxicity. Redox cycling between ferrous (II) and ferric (III) can generate the 
highly reactive oxygen species hydroxyl radicals, which can damage lipids, DNA
proteins. Th

 and 
e symptoms of the iron overload disorder hereditary hemochromatosis are 

due to iron toxicity. 

The best dietary sources of iron are green vegetables, legumes and meat. Milk products, 
d in 

ge 
ited States ranges from 10 to 20 milligrams daily. Many, 

including adolescents and pregnant and lactating women, may be at risk for iron 

 to 
ochromic anemia. 

on is 

rowth of pathogenic bacteria. 

 
ane 

Vinson 

rome. There is no other human evidence that iron 
has anticarcinogenic activity. The mechanism of iron's action in the Plummer-Vinson 

t, 
consistent with my Unified theory. 

snack foods and soft drinks are not good sources of iron. Much of the iron ingeste
the American diet in the form of bread and cereals is not well absorbed. The avera
dietary intake of iron in the Un

deficiency. 

8.2.2 Iron Biochemistry 

The major activity of supplemental iron is in the prevention and treatment of iron 
deficiency anemia (Finch CA, Huebers H. Perspectives in iron metabolism. N Engl J 
Med. 1982; 306:1520-1528). 

Iron has putative immune-enhancing, anticarcinogenic and cognition-enhancing 
activities. Iron is necessary for the production of hemoglobin. Iron-deficiency can lead
decreased production of hemoglobin and a microcytic, hyp

Under experimental conditions, iron-deficient subjects were found to have certain 
abnormalities in cell-mediated immunity and in the ability of neutrophils to kill 
different bacteria (Dallman PR. Iron deficiency and the immune response. Am J Clin 
Nutr. 1987; 46:329-334). The mechanism of those possible immune effects of ir
unknown (Scrimshaw NS, San Giovanni JP. Synergism of nutrition, infection, and 
immunity: an overview. Am J Clin N. 1997; 66:464S-477S).  On the other hand, free 
iron may stimulate the g

Iron-deficiency has been associated with the Plummer-Vinson syndrome. In this
condition, there is difficulty swallowing solid food because of a thin, web-like membr
that grows across the upper passageway of the esophagus. Those with Plummer-
syndrome are at increased risk of cancer of the esophagus and stomach. Iron 
supplementation can prevent this synd

syndrome is unknown.   

Please keep in mind that both iron and copper deficiencies are associated with 
increased cancer and infection rates and that both of these transition metals are 
potent prooxidants.  Thus, I believe that their absence could lead to EMOD 
deficiency states and therefore, “allow” for cancer manifestation and developmen
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Children and adolescents with iron-deficiency may also have learning problems and tha
iron supplementatio

t 
n may increase cognitive skills in some children and adolescents with 

iron deficiency. The possible role of iron in these cases may be accounted for, in part, by 
 

nine 

The absorption of iron from the gastrointestinal tract is highly regulated. In fact, 

s unknown about its 
absorption, as well as the pharmacokinetics of iron in humans (Andrews NC, Fleming 

-

ion, 

n 
organic iron is solubilized and ionized by the acid gastric juice. Iron 

supplements are mainly in the ferrous form (Fe II). Iron supplements that may be in 
r 

l 

e 
teins 

Within the enterocyte, iron—still in the ferrous form—is transferred to the cytosolic 

I) iron is oxidized to ferric (Fe III) iron by the copper-
containing protein ceruloplasmin (Harris ED. The iron-copper connection: the link to 

iron's role in neurotransmitter synthesis, particularly in the synthesis of dopamine. Iron
deficient rats have been reported to have phenylketonuria and disturbed brain function. 
It has been suggested that iron-deficiency in the rats resulted in altered phenylala
metabolism producing phenylketonuria. Phenylketonuria has not been reported in iron-
deficient humans. 

iron homeostasis is maintained by regulating its absorption, since the body does not have 
a regulated mechanism to excrete excess iron. Much remain

MD, Gunshin H. Iron transport across biological membranes. Nutr Rev. 1999; 57:114
123).   

Dietary iron sources include heme iron, elemental iron which is used in food fortificat
dietary ferric iron and iron salts used for supplementation.  

The efficiency of absorption depends on the salt form, the amount administered, the 
dosing regimen and the size of iron stores. Subjects with normal iron stores absorb 10% 
to 35% of an iron dose. Those who are iron deficient may absorb up to 95% of an iro
dose. Ingested in

the ferric form (Fe III) are reduced to the ferrous form. Absorption of iron may occu
at any level of the small intestine but is most efficient in the duodenum. Iron is taken up 
by one of a few proteins on the luminal surface of the mucosal epithelium of the smal
intestine (Anderson GJ. Control of iron absorption. J Gastroenterol Hepatol. 1996; 
11:1030-1032). 

Possible iron-binding proteins include a beta3-integrin, the Hfe protein which functions 
together with beta-microglobulin and Nramp2 or divalent metal ion transporter1 (DMT1). 
Each of these proteins are transmembrane proteins. It is unclear how they operate in th
transport of iron into the enterocytes. Nramp2 (DMT1) is a member of a class of pro
called natural resistance-associated macrophage proteins. 

proteins mobilferrin and paraferritin. Paraferritin transports iron to the serosal surface 
of the enterocyte from whence it enters the portal circulation. As it enters the portal 
circulation, ferrous (Fe I

ceruloplasmin grows stronger. Nutr Rev. 1995; 53:170-173). 

Ferric iron bound to transferrin is carried in the portal circulation to the liver and 
then to all of the tissues of the body (Wessling-Resnick M. Iron transport. Annu Rev 
Nutr. 2000; 20:120-151). 
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Transferrin, the principal iron transporter in the blood and other body fluids, (Beguin
Y, Huebers HA, Josephson B, Finch CA. Transferrin receptors in rat plasma. Proc Natl 
Acad Sci USA. 1988; 85:637-640) distributes ferric (Fe III) iron throughout the body, 
principally to the red blood cell precursors in the bone marrow for hemoglobin synthesis. 
Approximately 70% to 90% of transferrin-bound iron is taken up by the erythropoietic 
cells of bone marrow for hemoglobin synthesis. Smaller amounts are delivere

 

d to other 
cells for the formation of cytochromes, cytochrome oxidase, myoglobin, or for other 

, Pootrakul P, et al. Intact transferrin receptors in 
human plasma and their relation to erythropoiesis. Blood. 1990; 75:102-107). 

ed 

Iron in excess of need is stored principally as ferritin in the reticuloendothelial system 
 

ausal women 
normally lose iron via menstrual bleeding. Iron losses can occur from gastrointestinal 

g 

 through sloughing of skin and mucosal cells. 

 in 
, 

Heme is absorbed from the small intestine by an unknown mechanism. Within the 

 

h. Some binds to mucin and is transported to 
the small intestine. Mucin protects ferric (III) iron against precipitation at the alkaline pH 
of the small intestine. The enzyme ferric reductase, which resides in the brush border of 
the duodenum, is capable of converting ferric iron to the ferrous form, which may be 

iron-requiring enzymes. Transferrin binds to a transferrin receptor located on the cell 
membrane forming an iron-transferrin-transferrin receptor complex which enters the cell 
by endocytosis (Huebers HA, Beguin Y

Within the cell, iron is released into the cytosol. Within the cytosol of the erythroblast, 
iron is transported by an unknown mechanism to mitochondria where it is insert
into protoporphyrin to form heme. 

of liver, spleen, bone marrow and other organs. Iron is released from ferritin in the form
of ferrous (Fe II) iron and enters the plasma where it is oxidized by ceruloplasmin to 
ferric (Fe III) iron and taken up and transported in the plasma by transferrin (Andrews 
NC. Disorders of iron metabolism. N Eng J Med. 1999; 341:1986-1995).  

Iron loss occurs principally through nonspecific mechanisms, including exfoliation of 
intestinal cells, urinary and biliary secretions and menstruation. Pre-menop

bleeding, bleeding from trauma, including surgical procedures, and from uterine bleedin
in post-menopausal women on hormone replacement therapy. The body has a limited 
capacity to excrete iron. Very little iron is excreted by the kidneys or via the biliary 
route. Some iron losses occur

The absorption of heme iron is not well understood. To be absorbed, iron contained
heme proteins must first be freed by digestion of the protein to yield heme (Wienk KJH
Marx JJM, Beynen AC. The concept of iron bioavailability and its assessment (review). 
Eur J Nutr. 1999; 38:51-75). 

enterocytes, iron is freed from protoporphyrin by the enzyme heme oxygenase which 
converts the porphyrin ring to bilirubin and also yields ferric (III) iron and carbon
monoxide. Ferric (III) iron binds to paraferritin which releases ferric iron from the 
serosal side of the cell into the circulation where it binds to transferrin.  

Dietary ferric (III) iron is solubilized and ionized by acid gastric juice. Some fraction of 
dietary ferric iron is reduced in the stomac
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transported into the enterocytes by such iron-transport proteins as Nramp2, also known as 
divalent metal ion transporter1 (DMT1).  

Iron-fortified cereals contain so-called reduced iron. This is finely powdered metallic 
iron and is generally poorly assimilated. It must first be oxidized to ferric (III) iron and 

on deficiency anemia, an increase in the reticulocyte count is seen in 
three to four days and peaks in seven to ten days. The hemoglobin values may increase at 

ed 
. 

cer 
ion in 

some research that iron might diminish learning problems and enhance cognition in some 

Iron, 

t it 
 effects in promotion of weight loss. 

Unrecognized iron deficiency may be significant in patients with critical illnesses, 

r 

sorder given iron 5 mg/kg/day for 16 weeks, compared with controls. Some 
88% of those given iron had complete or partial responses compared with 6% in the 

t iron 

Iron supplementation has been useful in preventing Plummer-Vinson syndrome 
characterized by difficulty in swallowing due to a membrane that grows across the upper 

then reduced to ferrous (II) iron in the stomach and small intestine before it can be 
absorbed. Carbonyl iron or iron pentacarbonyl (diiron enneacarbonyl) is another 
nutritional supplement form of iron. Carbonyl iron requires stomach acid for its 
absorption. 

In the treatment of ir

a rate of 1.5 to 2.2 grams per deciliter per week for the first two weeks, followed by 0.7 
to 1.6 grams per deciliter per week until normal values are achieved. 

8.2.3 Clinical Uses 

Apart from its use in preventing and treating iron-deficiency anemia, iron has been us
with some success in reducing the frequency of breath-holding spells (BHS) in children
It is helpful in Plummer-Vinson syndrome and, in that context, may help prevent can
of the esophagus and stomach in those with this syndrome. There is the suggest

children and adolescents with iron deficiency. It may have some favorable effects on 
immunity and exercise performance—but, again, these benefits are most likely largely 
limited to those with frank or borderline iron deficiency (de Valk B, Marx JJM. 
atherosclerosis, and ischemic heart disease. Arch Int Med. 1999; 159:1542-1548). 

Iron's efficacy in malaria appears to be limited to improving iron status; it has no 
apparent effect on parasite rate or density. There is very preliminary evidence tha
may have some modest, indirect beneficial

generally, according to findings of one recent study. In recent years, several research 
efforts have suggested that excess iron levels pose health risks for some groups (Mendle
MH, Turlin B, Moirand R, et al. Insulin resistance-associated hepatic iron overload. 
Gastroenterology. 1999; 117:1155-1163). 

The frequency of breath-holding spells (BHS) diminished significantly in children 
with this di

placebo group. In a more recent study, 63 of 91 children with BHS had concomitan
deficiency anemia. Complete or partial remission from BHS was achieved in children 
receiving 6 mg/kg/day for three months. Controls had a 21% partial or complete rate of 
remission. 
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esophagus. This condition is associated with an increased incidence of esophageal
gastric cancers. There is no other credible evidence that supplemental iron has other 
anticarcinogenic effects. 

Iron deficiency anemia is associated, in some instances, with emotional, social and 
learning disorders in children and adolescents (Adish AA, Esrey SA, Gyorkos TW, et a
Effect of consumption o

 and 

l. 
f food cooked in iron pots on iron status and growth of young 

children: a randomized trial. Lancet. 1999; 353:712-716).  Iron supplementation has 

ates 
 

for eight weeks. 
Those with iron supplementation were reported to perform significantly better than those 

 

ts 
g enzyme called ribonculeotide reductase, an enzyme that appears to 

be essential for the proper function of the T-lymphocyte arm of immunity. Resistance to 
those 

o 

ed the claim is limited to those who are iron deficient. Muscle weakness and 
decreased exercise tolerance can occur in those who are iron deficient but not necessarily 

an 

orted to be of some benefit in women on very-low calorie 
weight reduction diets. In one study, obese women on these diets lost more (but not 

d: 
tabolic rates to 

allow for greater weight loss." 

improved these conditions in some studies. Iron deficiency in the absence of anemia can 
also cause some of these same problems and can be helped with iron supplementation, 
another study suggests. 

Some researchers have reported that up to 25% of adolescent girls in the United St
are iron deficient (Bellamy MC, Gedney JA. Unrecognized iron deficiency in critical
illness. Lancet. 1998; 352:1903).  In one study, the effects of iron supplements were 
tested in adolescent girls with non-anemia iron deficiency to see if they might improve 
cognition (Beard JL. Iron requirements in adolescent females. J Nutr. 2000; 130(2S 
Suppl):440S-442S).  This was a double-blind, placebo-controlled trial. Subjects were 
randomized to receive 650 milligrams of iron twice daily or placebo 

in the placebo group on tests related to verbal learning and memory (Bruner AB, Joffe A,
Duggan A, et al. Randomized study of cognitive effects of iron supplementation in non-
anemic iron-deficient adolescent girls. Lancet. 1996; 348:992-997). 

Iron deficiency is known to diminish various aspects of immune function. Adequate 
levels help maintain cellular immunity and help to protect against some infections. Cell-
mediated immune response may be impaired when iron deficiency negatively impac
the iron-requirin

Candida, herpes simplex virus and some other pathogens appears to be reduced in 
with poor iron status. On the other hand, excess iron may predispose individuals t
some infections. 

Claims that iron boosts energy and enhances exercise performance may be true—
provid

suffering from iron-deficiency anemia. Iron deficiency without anemia is not uncommon 
among some endurance athletes (e.g., long-distance runners), more among women th
men. 

Supplemental iron has been rep

significantly greater) weight when given supplemental iron. The researchers conclude
"The greater recovery of thyroid hormone levels may have maintained me
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Iron deficiency may be more widespread than generally believed (Oski FA. Iro
deficiency in infancy and childhood. N Engl J Med. 1993; 329:190-193). 

One recent study reported the presence of functional iron deficiency in 35% of 51 
consecutive adult patients presenting to the general intensive care unit of a teaching 
hospital over a six-week period. Patients with massive hemorrhage or exchange 
transfusion in the two weeks before admission, those who were pregnant or lactating, 
those older than 80 years, those with hem

n 

atological malignant disorders and those with 
bone marrow depression were excluded. Patients with functional iron deficiency had 

 
ople 

rder characterized 
by excess intestinal absorption of iron. Early symptoms include fatigue and joint pain 

ations can include diabetes, cancer, heart disease and cirrhosis of the 
liver (Salonen JT, Nyyssönen K, Korpela H, et al. High stored iron levels are associated 

92; 

y to experience more severe neurological damage than are those 
with normal iron levels (Smith MA, Harris PLR, Sayre LM, Perry G. Iron accumulation 

is a source of redox-generated free radicals. Proc Acad Sci USA. 
1997; 94:9866-9868). 

rosis. 
 the treatment of anemias other than iron 

deficiency anemia (Fairbanks VF. Iron in medicine and nutrition. In: Shils ME, Olson JA, 

than RDA amounts (30 and 15 milligrams daily, respectively) unless higher doses are 
 

longer stays in intensive care than did those without iron deficiency (mean length of stay 
7.6 days versus 3.3 days, respectively). 

There is also evidence that some population subsets may be getting too much iron, some
of it through supplementation. One group has estimated that up to one million pe
in the United States may have hemochromatosis, a hereditary diso

(Beutler E, Larsh SE, Gurney CW. Iron therapy in chronically fatigued nonanemic 
women: a double-blind study. Ann Intern Med. 1960; 52:378-394). 

Fatal complic

with excess risk of myocardial infarction in Eastern Finnish men. Circulation. 19
86:803-811). 

One recent study found that stroke victims who have elevated levels of iron are 
significantly more likel

in Alzheimer disease 

8.2.4 Iron Cautions 

Iron supplements are contraindicated in those with hemochromatosis and hemoside
Iron supplements should not be used for

Shike M, Ross AC, eds. Modern Nutrition in Health and Disease. Baltimore, MD: 
Williams and Wilkins; 1999:193-221). 

Pregnant women and nursing mothers should not use supplemental doses of iron higher 

recommended by their physicians (Kurz KM, Galloway R. Improving adolescent iron
status before childbearing. J Nutr. 2000; 130:(2S Suppl):437S-439S). 

Iron supplements can be highly toxic or lethal to small children. Those who use iron 
supplements should use childproof bottles and keep the bottles away from children. 
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Iron supplements should be used with extreme caution in those with chronic liver fail
alcoholic cirrhosis, chronic alcoholism and pancreatic insufficiency. Carbonyl iron 
requires adequate stomach acid for ab

ure, 

sorption. Therefore, carbonyl iron should be taken 
with food and should not be used with antacids (Pigeon C, Turlin B, Iancu TC, et al. 

e 

n, especially in African Americans (Baer D. Hereditary iron overload 
and African Americans (editorial). Am J Med. 1996; 101:5-8) (Wurapa RK, Gordeuk 

The most common side effects are gastrointestinal ones and include nausea, vomiting, 
bloating and other abdominal discomfort, black stools, diarrhea, constipation and 
anorexia. Temporary staining of teeth occurs from iron-containing liquids. 

 
ss the absorption of carbonyl iron. 

rption of 

Bisphosphonates (alendronate, etidronate, risedronate): Concomitant use of a 
 

suppress the absorption of carbonyl iron. 

e of levodopa and iron may reduce absorption of levodopa. 

thyroxine. 

ption 

oncomitant use of a quinolone and 
iron may decrease the absorption of the quinolone and iron (Lehto P, Kivisto KT, 

floxacin 

Carbonyl-iron supplementation induces hepatocyte nuclear changes in BALB/CJ male 
mice. J Hepatol. 1999; 30:926-934). 

Iron should be used with caution in those with a history of gastritis, peptic ulcer diseas
or gastrointestinal bleeding. Race and ethnicity can also be a factor in considerations for 
iron administratio

VR, Brittenham GM, et al. Primary iron overload in African Americans. Am J Med. 
1996; 101:9-18). 

8.2.5 INTERACTIONS 

Acid Pump Inhibitors: (lansoprazole, omeprazole, pantoprazole, rabeprazole): Use of acid
pump inhibitors may suppre

Antacids: Aluminum-or magnesium-containing antacids may decrease the abso
iron if used concomitantly. 

bisphosphonate and a ferrous (II) iron supplement may decrease the absorption of the
bisphosphonate. 

H2 Blockers (cimetidine, famotidine, nizatidine, ranitidine): Use of H2 blockers may 

Levodopa: Concomitant intak

Levothyroxine: Concomitant intake of levothyroxine and iron may decrease the 
absorption of levo

Penicillamine: Concomitant intake of iron and penicillamine may decrease the absor
of penicillamine. 

Quinolones (ciprofloxacin, gatifloxacin, levofloxacin, lomefloxacin, moxifloxacin, 
norfloxacin, ofloxacin, sparfloxacin, trovafloxacin): C

Neuvonen PJ. The effect of ferrous sulfate on the absorption of norfloxacin, cipro
and ofloxacin. B J Clin Pharmacol. 1994; 37:82-85). 
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Tetracyclines (doxycycline, minocycline, tetracycline): Concomitant intake of a 
tetracycline and iron may decrease the absorption of both the tetracycline and iron 
(Neuvonen PJ, Turakka H. Inhibitory effect of various iron salts on the absorption of 

n Pharmacol. 1974; 7:357-360). 

taken 
concomitantly (Garcia-Casal MN, Leets I, Layrisse M. Beta-carotene and inhibitors of 

ntly. 

Inositol Hexaphosphate: Concomitant intake of inositol hexaphosphate and iron may 

L-Cysteine: Concomitant intake of L-cysteine and iron may increase the absorption of 

Magnesium: Concomitant intake of magnesium and iron may decrease the absorption of 

N-Acetyl-L-Cysteine: Concomitant intake of N-acetyl-L-cysteine and iron may increase 

Tocotrienols: Concomitant intake of tocotrienols—which are typically used in their 

Vanadium: Concomitant intake of vanadium and iron may decrease the absorption of 

Vitamin C: Concomitant intake of vitamin C and iron may enhance the absorption 

Vitamin E (alpha-tocopherol, gamma-tocopherol, mixed tocopherols): Concomitant 
rols. 

Cysteine-containing Proteins: Foods rich in cysteine-containing proteins (e.g. animal 

Oxalic Acid: Concomitant intake of iron with foods rich in oxalic acid (spinach, sweet 
potatoes, rhubarb and beans) may decrease the absorption of iron. 

tetracycline in man. Eur J Cli

8.2.6 Dietary Supplements 

Beta-carotene: Beta-carotene may enhance the absorption of iron if they are 

iron absorption modify iron uptake by Caco-2 cells. J Nutr. 2000; 130:5-9). 

Calcium: Calcium carbonate may decrease absorption of iron if used concomita

Copper: Intake of iron supplements may decrease the copper status of tissues. 

depress the absorption of iron. 

iron. 

iron. 

the absorption of iron. 

nonesterified forms—and iron may cause oxidation of the tocotrienols. 

iron. 

of iron. 

intake of non-esterified tocopherols and iron may cause oxidation of the tocophe

Zinc: Concomitant intake of zinc and iron may decrease the absorption of iron. 

muscle tissue) may increase the absorption of iron if ingested concomitantly. 
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Phytic Acid: Concomitant intake of iron with foods rich in phytic acid (unleavened bread, 
raw beans, seeds, nuts and grains and soy isolates) may decrease the absorption of iron. 

Teas: Concomitant intake of tea and iron may cause decreased absorption of iron. This is 
attributed to the tannins in tea. 

Guaic assay: Earlier studies reported a high false positive rate for guaic assay for occult 
blood in those receiving iron supplements. However, more recent data indicate that iron 
supplementation has no significant effect on guaic or other tests for occult blood. 

8.2.7 Iron Overdosage 

Acute iron overdosage can be divided into four stages. In the first stage, which occurs up 
to six hours after ingestion, the principal symptoms are vomiting and diarrhea. Other 
symptoms include hypotension, tachycardia and CNS depression ranging from lethargy 
to coma. The second phase may occur at 6-24 hours after ingestion and is characterized 
by a temporary remission. In the third phase, gastrointestinal symptoms recur 
accompanied by shock, metabolic acidosis, coma, hepatic necrosis and jaundice, 
hypoglycemia, renal failure and pulmonary edema. The fourth phase may occur several 
weeks after ingestion and is characterized by gastrointestinal obstruction and liver 
damage. 

In a young child, 75 milligrams per kilogram is considered extremely dangerous. A dose 
of 30 milligrams per kilogram can lead to symptoms of toxicity. Estimates of a lethal 
dosage range from 180 milligrams per kilogram and upwards. A peak serum iron 
concentration of five micrograms or more per ml is associated with moderate to severe 
poisoning in many. 

There are several forms used for iron supplementation. They include ferrous sulphate, 
ferrous fumarate, ferrous gluconate, ferrous ascorbate and carbonyl iron. 

The approximate amount of the above forms required to supply 60 milligrams of 
elemental iron are: 

 
ferrous ascorbate 437 mg
ferrous fumarate 183 mg
ferrous gluconate 518 mg
ferrous sulphate 186 mg
carbonyl iron 300 mg
  

The Food and Nutrition Board of the National Academy of Sciences has recommended 
the following daily dietary intakes for iron: 
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Age (years) or status RDA milligrams/day
  
0.0 to 0.5 6
0.5 to 1.0 10
1 to 3 10
4 to 6 10
7 to 10 10
  
Males  

 

11 to 14 12
15 to 18 12
19 to 24 10
25 to 50 10
51 and over 10
  
Females  
11 to 14 15
15 to 18 15
19 to 24 15
25 to 50 15
51 and over 10
Pregnant 30
Lactating 15

 

8.2.8 Chelation and Iron Toxicity 

Beer, the special sauce on a McDonald's Big Mac, and blue colored shampoos such as 
Aloe Vera or Revlon Aquamarine have the EDTA molecule in common. EDTA is 
synthesized on an industrial scale from ethylenediamine, formaldehyde, and a source of 
cyanide (HCN or NaCN).  
 
Given the magnitude of its industrial use, EDTA is one of the organic pollutants found 
in highest proportions in surface waters in central Europe. There is increasing 
concern about the direct or indirect potential effects of the presence of EDTA in the 
environment. Numerous field studies have shown that complexation with EDTA may 
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mobilize contaminant metal ions. Attention has also been paid to the fact that EDTA can 
solubilize radioactive metals and increase their environmental mobility. Researchers 
studied the interaction of EDTA with photosynthetic organisms and found that EDTA is 
toxic, since it inhibits cellular division, chlorophyll synthesis and algal biomass 
production. It is interesting to note that the same concentration of EDTA chelated with 
micronutrients did not present these toxic effects (Claudia Oviedo and Jaime Rodríguez. 
EDTA: The Chelating Agent Under Environmental Scrutiny. Quim. Nova, Vol. 26, No. 6, 
901-905, 2003). 
 
Research of the cellular toxicity of chelates indicates, in general, noxious effects 
normally attributed to the lack of metals essential to various cellular functions. The 
findings of Hugenschmidt et al. (Hugenschmidt, S.; Planas-Bohne, F.; Taylor, D.; Arch. 
Toxicol. 1993, 67, 76) are particularly interesting. They trace the effects of chronic 
exposure to low levels of EDTA (< 100 µM) in cultured cells of rat kidney, resulting in 
high rates of cellular death.  In addition, Gabard (Gabard, B.; Biochem. Pharmacol. 
1974, 23, 901) reported inhibition of DNA, RNA and protein synthesis due to the 
chelation of zinc and manganese in rat liver cells after EDTA-Ca(II) administration. 
Regarding to oral human exposure, Fe(III)-EDTA salts are considered safe and used as an 
iron supplement source. However, a recent study proposes carbonyl iron as a better 
fortificant than NaFeEDTA salts, because it resulted to be less toxic when tested in acute 
toxicity in young rats. Free EDTA has been shown to produce adverse reproductive 
and developmental effects in mammals. However, it is considered as a safe substance if 
used externally; which is relevant considering that EDTA is a common ingredient in 
cosmetic formulation. 
 
Until recently, it used to be postulated that the concentration of free metals in solution 
was the main factor in the bioavailability and toxicity of metals. It has also been proved 
that heavy metals complexed with EDTA (and also with humic acids) are 
biologically available and toxic. This has been demonstrated in the study of Tubbing et 
al.( Tubbing, D.; Admiraal, W.; Cleven, R.; Iqbal, M.; Van de Meent, D.; Verweij, W.; 
Water Res. 1994, 28, 37)  with river microalgae in which photosynthesis is inhibited at 
low concentrations of EDTA chelated with copper (II) (5-10 µM) and unchelated EDTA. 
As stated previously, this is also evident in the work of Vassil et al.  Guilhermino et al. 
(Guilhermino, L.; Diamantino, T.; Ribeiro, R.; Goncalves, F.; Soares, A.; Ecotoxicol. 
Environ. Saf. 1997, 38, 292) found that Cd(II)-EDTA and Cu(II)-EDTA complexes 
were more toxic than their respective free metals in acute toxicity test in Daphnia 
magna. 
 
EDTA resistance to bacterial biodegradation is widely documented. The compound is 
harmful to gram negative bacteria, causing the destruction of their outer membrane.  
 
Degradation of EDTA can be achieved by photolysis, UV/H2O2, or ozone treatment and 
photo-oxidation. In general, it can be seen that EDTA behaves as a persistent pollutant 
in the environment, enhancing the mobility and bioavailability of heavy metals. In 
natural environments studies detect poor bio-degradability of the ligand. The interaction 
mechanisms of EDTA with living organisms are not sufficiently clarified and the range 
of their potential risks is not known. The studies that evaluate the toxicity of free heavy 
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metals and complexed with EDTA do not enable the prediction of what the effect of the 
chelate presence will be. The effects of EDTA vary according to the type of organism 
studied, the concentration of EDTA and the metal analyzed. 
 
Some of the following material was excerpted or modified from web site:  
www.sickle.bwh.harvard.edu/chelators.html  
 

 

Chelators are small molecules that bind very tightly to metal ions. Some chelators are 
simple molecules that are easily manufactured (e.g., ethylene diamine tetra acetic acid; 
EDTA). Others are complex proteins made by living organisms (e.g., transferrin). The 
key property shared by all chelators is that the metal ion bound to the chelator is 
chemically inert (this is a point of controversy). Consequently, one of the important 
roles of chelators is to detoxify metal ions and prevent poisoning. For instance, EDTA is 
used to treat patients with extreme, life-threatening hypercalcemia. The iron chelator, 
desferrioxamine, is used to remove excess iron that accumulates with chronic blood 
transfusions.  Hemoglobin, myoglobin, chlorophyll, aspirin, penicillin, etc., are 
common chelators. Physical life as we know it could not exist without chelation. 
Chelation therapy infuses into the blood stream a claw-like molecule ("chele" means 
claw) called EDTA (ethylene diamine tetraacetic acid) as well asher types which enclose 
and secure a heavy metal atom, so it can then be taken safely out of the body in urine, 
stool, or sweat. Chelation used in this way is a process of detoxification.  However, this 
is theoretical only and has not been adequately scientifically verified. 
 
When medical researchers first investigated the phenomenon known as hardening of the 
arteries, they discovered that the damaged, brittle vessels found in people with heart 
disease were lined with calcium deposit.  Consequently, this finding inspired the notion 
that calcium deposits were the causes of the problem.  Later, it was learned that calcium 
deposits were a symptom of the underlying problem rather than a cause.  Yet, others 
wanted to remove calcium and chelation therapy was born.  Anecdotal stories of cures, as 
a result of chelation, were forth coming but it was realized that only double-blind, 
placebo-controlled studies and trials could offer real proof of effectiveness of chelation.    

Many chelators are used in chemistry and industry. Only a few are clinically useful since 
most have dangerous side-effects. One important property required of clinically useful 
chelators is specificity. Since these drugs disperse diffusely in the body, they must bind 
the target metal ion preferentially over others. Desferrioxamine (Desferal®), for instance, 
can be used to treat iron overload since the drug binds iron with a large preference over 
other metal ions such as calcium (Kd=10-31 M for iron, Kd=10-9 M for calcium). 

8.2.9 Biochemistry and Mechanism of Action  

EDTA is a chelator-meaning that it binds ions in the blood. It is highly effective as a 
treatment of heavy metal poisoning (such as lead), for which it is currently approved 
for use. Other divalent ions, such as calcium, magnesium, and iron, are bound by EDTA 
as well.  
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Studies using fluoroscopy and, more recently, ultrafast CT scanning have shown a 
correlation between the degree of calcium in arteries and the extent of 
atherosclerotic disease. Investigators have been able to use the percent of calcium in 
coronary arteries to determine a probability of developing symptomatic coronary artery 
disease over a five-year period.  

Chelation with EDTA is thought to remove calcium from atherosclerotic plaques, 
promoting their regression. How the removal of calcium leads to the reduction in the 
amount of cholesterol in a plaque is unclear. It has yet to be proven that chelation of 
calcium in the plasma promotes leaching of calcium from an atherosclerotic plaque.  

Other biochemical effects of EDTA have been suggested. EDTA has been proposed to 
function as an antioxidant, inhibit the peroxidation of lipids, stabilize membranes, and 
possibly have calcium channel-blocking effects. Some advocates of chelation therapy 
have proposed that EDTA works by chelating iron or cooper, thereby preventing 
the formation of free radicals. Unfortunately, there are very few biochemical data 
published to prove these claims.  

Iron chelators can be classified using a number of criteria such as their origin (synthetic 
versus biologically produced molecules), their interaction with solvents such as water 
(hydrophobic versus hydrophilic) or their stoichiometric interaction (bidentate versus 
hexadentate).   One key clinical feature of iron chelators is the degree to which they are 
absorbed from the gastrointestinal tract. A clinically highly effective iron chelator 
such as desferrioxamine has the drawback of very poor absorption from the 
gastrointestinal tract (Callender ST, Weatherall DJ. 1980. Iron chelation with oral 
desferrioxamine. Lancet ii: 689-691). Thus, the drug must be given parenterally, as a 
continuous subcutaneous infusion, or as a continuous intravenous infusion. The 
expensive medical paraphernalia required for desferrioxamine administration makes the 
treatment expensive, and curbs its availability in areas of the world where medical 
resources are limited. Even when the resources exist to support iron chelation with 
desferrioxamine, the intrusiveness of pumps and other paraphernalia often impedes 
patient compliance.  

8.2.10 Iron Toxicity 

 The goal of iron chelation therapy is to prevent iron-mediated injury to cells. The basis 
of this injury is the very property that makes iron vital to all life: it can exist in either 
of two stable oxidation states. Iron ions in aqueous solution exist either in the ferrous 
(Fe2+) state or the ferric (Fe3+) state. The shift of electrons between iron and donor 
molecules is the basis of energy production by controlled oxidation of 
carbohydrates, proteins, and lipids. Iron is a key element in most of the cytochrome 
enzymes involved in the oxidative phosphorylation of the Krebs cycle.  

 Because of its ability to participate in chemical reactions that involve the shift of 
electrons between molecules (reduction-oxidation or redox reactions), the body tightly 
regulates iron. When iron is tightly bound to a chelator molecule, be it a protein or a 
small chemical, the reactivity of the iron is greatly dampened. The key iron storage 
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protein in the body is ferritin. Ferritin is a very large spherical molecule. Iron is 
deposited as semi-crystalline deposits inside these protein "vaults".  

Iron that is sequestered within ferritin is metabolically inactive.   This is a key point 
in considering the frequency of the Fenton reaction in normal patients and cells 
under normal physiological circumstances. 

According to Barry Halliwell, organisms keep as many iron and copper ions as possible 
safely bound in storage or transport proteins.  There is three times as much 
transferrin iron-binding capacity in plasma as iron needing to be 
transported, such that there are essentially no free iron ions in the 
plasma.  More importantly, iron ions bound to transferrin cannot stimulate lipid 
peroxidation or formation of free .OH radicals.  The same is true for copper ions 
bound to the plasma proteins ceruloplasmin or albumin.  The value of this sequestration 
is demonstrated by pathology suffered by patients with iron-overload disease, in whom 
iron ion-citrate chelates circulate in the blood.  These patients can suffer liver damage, 
diabetes, joint inflammation, and hepatoma.  Metal ion sequestration is an important 
antioxidant defense.  

Ascorbate can only exert antioxidant properties in the absence of transition metal 
ions.   

The iron deposits in patients who have received multiple blood transfusions for chronic 
anemia, such as thalassemia, can exceed the storage and detoxification capacity of 
ferritin. Consequently, "free" (or more accurately, loosely bound) iron begins to 
accumulate in tissues and blood. This "free" iron can catalyze the formation of very 
injurious compounds, such as the hydroxyl radical (.OH) from compounds such as 
hydrogen peroxide, which are normal metabolic byproducts (Fenton reaction) (Gutteridge 
JMC., Rowley DA, Halliwell B. 1981. Superoxide-dependent formation of hydroxyl 
radicals in the presence of iron salts. Biochem J 199: 263 - 265).  

The hydroxyl radical is highly reactive, and attacks lipids, proteins and DNA (Bacon 
BR, Britton RS. 1990. The pathology of hepatic iron overload: a free radical--mediated 
process? Hepatology 11: 127-137). The initial reaction with each of these molecules is 
the formation of peroxides (e.g., lipid peroxides) that can interact with other molecules 
to form cross links. These cross-linked molecules perform their normal functions either 
poorly or not at all.  

Numerous laboratory and clinical investigations over the past few decades have observed 
that one of the dangers of iron is its ability to favor neoplastic cell growth. The metal 
is carcinogenic due to its catalytic effect on the formation of hydroxyl radicals, 
suppression of the activity of host defense cells and promotion of cancer cell 
multiplication. In both animals and humans, primary neoplasms develop at body sites of 
excessive iron deposits. (RMH Note:  I do not believe the forgoing statement.  If it 
were true, the brain, bone marrow and liver would have the highest rates of 
neoplasia in the body, but they do not.) The invaded host attempts to withhold iron 
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from the cancer cells via sequestration of the metal in newly formed ferritin and also 
withdraws the metal from cancer cells via macrophage synthesis of nitric oxide. 
Quantitative evaluation of body iron and of iron-withholding proteins has prognostic 
value in cancer patients (Weinberg ED. The role of iron in cancer. Eur J Cancer Prev 
1996 Feb;5(1):19-36). 

8.2.11 Lipids  
 

Peroxidation promotes cross links in membrane lipids, creating islands or domains 
of dysfunctional molecules. Cell membranes, which consist primarily of lipids, stiffen 
and acquire odd shapes. This is particularly problematic for red cells, which have no 
nucleus. Unlike most other cells, red cells cannot repair membrane damage. The red 
cells of patients with thalassemia or sickle cell disease lose the elasticity needed to pass 
through the microcirculation (Clark MR, Mohandas N, Shohet SB. 1980. Deformability 
of oxygenated irreversibly sickled cells. J Clin Invest 65: 189-196). For patients with 
sickle cell disease, this exacerbates the problem of microvascular vaso-occlusion. These 
damaged red cells are removed by reticuloendothelial cells, most prominently in the 
spleen.  

8.2.12 Proteins  
 

Protein cross linking can create protein clusters, particularly in membranes (Rank BH, 
Carlsson J, Hebbel RP.Ý 1985. Abnormal redox status of membrane-protein thiols in 
sickleÝ erythrocytes. J Clin Invest 75: 1531-1537) (Corbett JD, Golan DE. 1993. Band 3 
and glycophorin are progressively aggregated in density- fractionated sickle and normal 
red blood cells. Evidence from rotational and lateral mobility studies. J Clin Invest 91: 
208-217). Again, red cells are particularly susceptible to such damage, lacking membrane 
repair mechanisms. The cells of the immune system recognize these protein clusters as 
being abnormal. Antibodies to these clusters (termed "membrane senescence 
antibodies") promote removal of damaged red cells from the circulation. The result is 
enhanced hemolysis. Oxidation of band 3, the red cell anion transport channel, disturbs 
the osmotic balance of red cells and impairs their function.  

8.2.13 DNA  
 

DNA cross-links can impair cell replication, leading to cell death. The degree of 
cross-linking produced by reactive oxygen species in patients with iron overload 
generally is relatively small and probably relatively unimportant.  

 Although red cells are very susceptible to iron-mediated cell injury, they do not bear the 
assault of RONS alone. Damage to cells in other organs accumulates gradually, and 
eventually becomes clinically significant. Hepatocytes, the primary component cells of 
the liver, are the major storage site for body iron. With iron overload, these cells are 
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relentlessly bombarded by EMODs and eventually die (Bonkovsky HL. 1991. Iron 
and the liver. Am J Med Sci 301: 32-43). They are replaced by fibroblast cells. The 
collagen laid down by fibroblasts produces liver fibrosis and, eventually, cirrhosis.   
Keep in mind that EMODs are supposed to be collagenolytic and not for the 
promotion of the synthesis of collagen. 

 Likewise, cardiac cells are damaged with iron overload (Buja LM, Roberts WC. 
1971. Iron and the heart. Am J Med 51: 209-221). Normal cardiac function requires the 
coordinate activity of all the cells in the heart. Damaged, poorly-functioning cells often 
fail in this regard. The clinical manifestations include congestive heart failure (due to 
injury to myocytes) and arrhythmias (due to damage to the cells of the cardiac 
conducting system) (Liu P, Olivieri N. 1994. Iron overload cardiomyopathies: new 
insights into an old disease. Cardiovasc Drugs Ther 8: 101-110). Either can be deadly.  I 
must point out that iron overload studies showed that it was associated with 
decreased formation of atherosclerosis.  

8.3 Protection of Cells by Iron Chelators 

Chelators protect cells from iron-mediated toxicity in two ways.  

• Removal of excess iron.  

 The most readily apparent mechanism by which chelators provide protection is removal 
of the excess iron from the body. Once the toxic iron is gone, the body's repair 
mechanisms can swing into action to correct damage that may have occurred. The ability 
of chelators to remove excess iron depends on (at least) two factors: (a) the rate at which 
the chelator depletes storage iron, and (b) the rate of continued iron accumulation.  

Patients with some disorders develop iron overload due to repeated transfusions, after 
which the underlying disorder is corrected. For instance, some people with aplastic 
anemia who receive a bone marrow transplant require many transfusions for support until 
the graft matures. Thereafter, they have a normal hematocrit. Chelators can remove all 
the excess iron in this setting.  

Most patients with transfusional iron overload require transfusions indefinitely. 
Examples of this include people with thalassemia major and some forms of 
myelodysplasia. Since each unit of blood deposits about 230 mg of iron, most patients 
who require, for instance, 2 units of blood per month will have at most a very slightly 
negative iron balance with chelation therapy. The most widely used iron chelator, 
desferrioxamine, removes somewhere between 30 and 70 mg of iron per day. 
Protection of patients with ongoing transfusion requirements solely by removal of excess 
iron is uncommon.  

• Neutralization of "free" iron  

The tight binding of chelators to iron, blocks the ion's ability to catalyze redox 
reactions. Iron ions have six electrochemical coordination sites. Consequently, a 
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chelator molecule that binds to all six sites completely inactivates the "free" iron. Such 
chelators are termed "hexidentate", of which desferrioxamine is an example. With 
some chelators, a single molecule interactions with only two of the coordination sites 
on iron. These chelators are called, "bidentate". An example of this type of molecule is 
ferrichrome. Three molecules coordinate with a single iron ion to produce complete 
chemical immobilization. Another example is deferiprone, or "L1", a chelator currently in 
clinical trials.  

 Since neutralization of free iron is essential to protect cells, a molecule such as 
desferrioxamine has the advantage of inactivating iron as part of a 1:1 molecular 
complex. On the other hand, bidentate chelators (C) can produce partial reaction products 
with iron (Fe):  

1. 
2. 
3. 

2. Good tissue penetration  

Fe(C) [redox reactive]  
FeC2 [redox reactive]  
FeC3 [inactive]  

With a bidentate iron chelator, a spectrum of chemical species will exist, of which a 
minority is inactive. A large chemical excess of chelator is needed to push the reaction 
toward completion, the formation of the FeC3 (inactive) product.  

8.3.1 Clinical Efficacy of Iron Chelators 
 No ideal chelator exists to treat patients with transfusional iron overload. The 
characteristics of such a compound can be extrapolated from the clinical requirements:  

1. Oral administration.  

3. Easy mobilization of the iron-chelator complex  
4. Inexpensive  
5. Non-toxic  
6. Hexidentate binding of iron ions  

Desferrioxamine mesylate 

> 
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 The most widely used chelator currently is desferrixoxamine. As shown in the figure, 
the drug has multiple carbonyl and hydroxyl groups that provide electrons to coordinate 
with those in Fe3+. Desferrioxamine chelates iron in a one-to-one ratio. This drug must be 
given parenterally (either subcutaneously or intravenously), which limits its utility. 
Desferrioxamine is expensive and requires sophisticated medical devices for 
administration. Nonetheless, a plethora of data shows that scrupulous use of the 
medication not only prevents progression of iron-induced injury, but also can reverse 
organ dysfunction (Rahko PS, Salerni R, Uretsky BF. 1986. Successful reversal by 
chelation therapy of congestive cardiomyopathy due to iron overload. J Am Coll Cardiol 
8: 436-440). Desferal opens the possibility of long survival for transfusion-dependent 
patients, such as thoseÝ with thalassemia.  

 Intensive exploration for an orally active iron chelator is currently under way. The only 
drug actively considered at present is deferiprone, or "L1". Investigators in Canada, the 
US, Italy, Greece, and India have studied this agent. Some serious side-effects, such as 
agranulocytosis, occur with L1. The degree to which these will limit its utility is 
presently unclear. Finally, in contrast to the hexidentate chelating capacity of 
desferrioxamine, L1 is a bidentate chelator. Further investigation is warranted to 
determine where L1 fits in the clinical armamentarium.  

8.3.2 Chelation Results 

The issue of chelation's efficacy is critical as patients who have a disease, whose course 
can be altered, should be offered an effective therapy. Oral chelation has been shown in 
one rabbit model to decrease the cholesterol content in the liver (Uhl HS; Dysko RC; 
St Clair RW. EDTA reduces liver cholesterol content in cholesterol-fed rabbits. 1992 
Oct.  Atherosclerosis, 96: 2-3, 181-8) and in one pilot study to be effective for patients 
with peripheral vascular disease (Olszewer E; Sabbag FC; Carter JP.  Journal of the 
National Medical Association 1990 Mar, 82(3):173-7.). One author says that 
unfortunately, this seems to be where the objective data for efficacy of chelation for 
vascular disease ends.  

A small pilot study with a control group was published in 1990 that claimed a benefit of 
chelation therapy. Ten infusions of EDTA were compared to distilled water injection in 
a total of 10 patients with peripheral vascular disease. An improvement in walking 
distance and in the ankle/arm blood pressure index was demonstrated after the 10 
treatments. (The ankle/arm blood pressure index compares the blood pressure obtained in 
the brachial artery with the blood pressure in the leg, usually at the posterior tibial artery 
obtained by Doppler. Normally, the ratio is 1:1. A declining ratio indicates worsening 
severity of peripheral vascular disease.)  

A multicenter trial published in 1992, however, found no significant difference in 
outcomes both immediately after treatment and at six months in a group of 153 
individuals. Recently, a double-blind, randomized, controlled trial of 32 patients found 
no benefit in subjective and measured walking distances and ankle/arm indices in a 
treatment group compared with placebo. In addition, there were no differences found in 
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other outcome measures, including lifestyle parameters, cardiac function, ECG, kidney 
function, hematologic studies, glucose, and lipid levels up to three months after therapy. 
Interestingly, almost 60% of the control group patients noted an improvement in walking 
distance, indicating either a profound placebo effect or the benefit that a walking program 
alone way give patients with peripheral vascular disease.  

Three studies that followed failed to show an effect of chelation on peripheral 
vascular disease (Sloth-Nielsen J; Guldager B; Mouritzen C; Lund EB; Egeblad M; 
Norregaard O; Jorgensen SJ; Jelnes R. Arteriographic findings in EDTA chelation 
therapy on peripheral arteriosclerosis. American Journal of Surgery 1991 
Aug,162(2):122-5) (Guldager B; Jelnes R; Jorgensen SJ; Nielsen JS; Klaerke A; 
Mogensen K; Larsen KE; Reimer E; Holm J; Ottesen S. EDTA treatment of intermittent 
claudication--a double-blind, placebo-controlled study. Journal of Internal Medicine 1992 
Mar, 231(3):261-7) (van Rij AM, Solomon C, Packer SG, Hopkins WG, Chelation 
therapy for intermittent claudication. A double-blind, randomized, controlled trial. Sep, 
1994. Circulation 90: 3, 1194-9).  

These negative studies may reflect small study groups and may indicate the lack of a 
large enough sample to detect an effect, but do suggest that either there is no effect of 
chelation on this process or that the effect it is too small to be seen in small numbers 
of patients. It would seem therefore, wise to view single case reports of questionable 
value in the attempt to evaluate the efficacy of this therapy. 

There are secondary values that might indicate a beneficial effect of chelation and in 
particular a lowering of total or LDL cholesterol or an increase in HDL cholesterol might 
indicate an effect of chelation that in the long term prove to be useful. One study that 
looked at the effect of chelation on cholesterol found no significant effect (Guldager 
B; Faergeman O; Jorgensen SJ; Nexo E; Jelnes R. Disodium-ethylene diamine tetraacetic 
acid (EDTA) has no effect on blood lipids in atherosclerotic patients. A randomized, 
placebo-controlled study. Danish Medical Bulletin 1993 Nov, 40(5):625-7). One 
publication did find an adverse effect of EDTA which increased PTH hormone 
secretion and favored bone resorption and loss (Guldager B; Brixen KT; Jorgensen SJ; 
Nielsen HK; Mosekilde L; Jelnes R. Effects of intravenous EDTA treatment on serum 
parathyroid hormone (1-84) and biochemical markers of bone turnover. Danish Medical 
Bulletin 1993 Nov, 40(5):627-30).  

Two extensive review articles concluded that chelation is not effective for vascular 
disease (Mikaelsen PM. [EDTA in the treatment of arteriosclerosis]. Tidsskrift for den 
Norske Laegeforening, Language: Norwegian. 1995 Apr 30, 115(11):1392-3) (Grier MT, 
Meyers DG, So much writing, so little science: A review of 37 years of literature on 
edetate sodium chelation therapy.  Ann Pharmacother 1993. Dec, 27: 12, 1504-9). 

In 2000, Ernst, a highly respected researcher reviewed the literature on chelation therapy 
and concluded, “the most striking finding is the almost total lack of convincing 
evidence for efficacy….Only 2 controlled clinical trials were located.  They provide 
no evidence that chelation therapy is efficacious beyond a powerful placebo effect.  
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Given the potential of chelation therapy to cause severe adverse effects, this 
treatment should now be considered obsolete.” (Ernst, E.  Chelation therapy for 
coronary heart disease:  An overview of all clinical investigations.  Am Heart J.  
2000;140:4-5). 
 
Subsequently, a well designed study compared chelation therapy to placebo in 84 people 
with coronary artery disease.  Patients receiving EDTA chelation showed 
improvement; however, those receiving placebo also improved—to the same extent!  
This finding reminds us why double-blind, placebo-controlled trials are necessary to 
establish the effectiveness of a treatment.  The fact that the same level of benefits was 
seen in the fake-treatment group indicates that chelation therapy does not work 
(Knudtson, M.L., Wyse, D.G., Galbraith, P.D., et al. Chelation therapy for ischemic heart 
disease: a randomized controlled trial. JAMA, 2002. 2002;287:481-486). 

The results of the 2002 randomized clinical study comparing intravenous chelation 
therapy to placebo therapy, published in the Journal of the American Medical 
Association, confirms that chelation offers no benefit to patients with coronary artery 
disease and stable angina.  

This trial - the Program to Assess Alternative Treatment Strategies to Achieve 
Cardiac Health (PATCH) trial, conducted in Calgary - enrolled 84 patients with 
documented coronary artery disease, all of whom had evidence of cardiac ischemia (i.e., 
angina) during treadmill testing despite optimal medical therapy. The patients were 
randomized to receive either a course of intravenous chelation therapy with EDTA, or 
therapy with intravenous placebo.  

Those who received chelation were treated according to the recommendations of the 
American College for Advancement in Medicine (noted proponents of chelation 
therapy): they received 40mg/kg of EDTA, administered intravenously over 3 hours, 
twice per week for 15 weeks, followed by monthly treatments for 3 months. Those 
treated with placebo received similar intravenous infusions with an inactive substance.  

At the end of the study, patients receiving chelation showed no improvement over those 
receiving placebo as measured by their exercise time to cardiac ischemia, and by quality 
of life scales. It is noteworthy that patients in both groups improved - but the 
improvement in the chelation group was the same as the improvement in the placebo 
group; the chelation itself led to no additional improvement. (Improvement in placebo 
patients - commonly referred to as the placebo effect -is particularly common in angina 
trials. Such improvement is attributed in part to the close medical care that patients 
enrolled in clinical trials tend to receive, as well as a training effect from repeated 
exercise.)  

Another double-blind study, in 2003, evaluated the potential benefits of chelation therapy 
when added to conventional therapy in the treatment of people with coronary artery 
disease.  Researchers were looking for improvements in the ability of a blood vessel the 
arm (the brachial artery) to dilate, but did not find any.  However, this study had 
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several limitations in its design, making its results less meaningful than they might have 
been.  (Anderson, T.J., Hubacek, J., Wyse, D.G., et al. Effect of chelation therapy on 
endothelial function in patients with coronary artery disease:  PATCH substudy.  J Am 
Coll Cardiol. 2003;41:420-425). 
 
Dr. Andrew Weil, M.D. gave the following answer to the issue of chelation in 2003: 

“I’ve always been skeptical of the claim that chelation is an effective treatment for 
cardiovascular problems, but there is an enormous market for it: according to NCCAM 
more than 800,000 patient visits were made for chelation therapy in the United States in 
1997. Clearly, if you wanted to try the treatment, you would be able to find a practitioner 
who offers it in New Jersey. The best way to find an experienced practitioner in your area 
is to contact the American Board of Chelation Therapy in Chicago. Chelation usually is 
not covered by insurance and can be very costly.” 

The NIH study, called TACT (Trial to Assess Chelation Therapy), compares chelation 
therapy to a placebo. Participants received 30 weekly infusions of EDTA followed by 10 
bimonthly infusions and were randomized to receive high-dose vs. low-dose 
vitamin/mineral supplements. 

The few earlier scientific studies on the use of chelation as a treatment for heart disease 
were much smaller and failed to demonstrate its effectiveness. I have heard many 
testimonials from people who say they were helped by chelation, but just as many from 
those who say it did them no good at all. The NIH study should give us definitive 
answers. But until proved otherwise, my feeling is that the treatment is safe but 
ineffective (and expensive).”  

The Western District of the Missouri Court of Appeals heard the following case 
involving chelation therapy: 

8.8.3 State Board of Registration for the Healing Arts 

Case Style: State Board of Registration for the Healing Arts, Appellant v. Edward W. McDonaugh, 
D.O., Respondent.  Case Number: WD60501 Hand down Date: 03/25/2003 

Factual and Procedural Background 

The State Board of Registration for the Healing Arts is an agency established under 
Missouri law to register, license, and supervise physicians. Section 334.120. In 1961, the 
Board licensed Dr. Edward McDonagh to practice medicine as an osteopathic physician 
and surgeon. Within one year of beginning his practice in family medicine, Dr. 
McDonagh became interested in EDTA chelation therapy as a preventive approach to 
treating advanced, chronic diseases in elderly patients.  
EDTA (ethylene diamine tetra-acetic acid) is a drug approved by the Federal Food 
and Drug Administration for the sole purpose of removing heavy metals (such as 
iron, mercury, and lead) from the human body. Since the 1950's, a minority of 
physicians have treated arteriosclerosis and other vascular diseases with EDTA chelation 
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therapy. This therapy involves the intravenous administration of a diluted solution 
containing EDTA, magnesium, and other vitamins and minerals as needed. Proponents of 
chelation therapy contend the EDTA binds with heavy metals that can accumulate in the 
bloodstream and block arteries. When the EDTA is excreted through urine, the body is 
also relieved of the heavy metal deposits.  
Dr. McDonagh and other proponents believe EDTA chelation therapy prolongs and 
improves the quality of life for many geriatric patients. During the past thirty-five years, 
Dr. McDonagh has used chelation therapy as an alternative treatment for vascular disease 
in geriatric patients and has done extensive research, writing, and teaching on the subject. 
During 1989, the Board conducted a review of the efficacy of EDTA chelation therapy. 
The Board considered a proposed rule declaring such therapy to have no medical or 
osteopathic value beyond the uses approved by the FDA. The Board declined to enact the 
rule due to a lack of scientific evidence that EDTA chelation therapy was not an effective 
treatment for vascular disease.  
Subsequent to that decision, two published studies -- the Guldager study in 1992 and the 
van Rij study in 1994 -- prompted the Board to reconsider its view regarding the 
available scientific evidence. Both studies concluded that EDTA chelation therapy was 
not an effective treatment for arteriosclerosis. The Board was also aware of the following 
position statement issued by the American Medical Association (AMA) in 1994 
regarding EDTA chelation therapy:  
There is no scientific documentation that the use of chelation is effective in the 
treatment of cardiovascular disease, atherosclerosis, rheumatoid arthritis, and 
cancer. If chelation is to be considered a useful medical treatment for anything other 
than heavy metal poisoning, hypercalcemia or digitalis toxicity, it is the 
responsibility of its proponents to conduct properly controlled scientific studies 
to adhere to FDA guidelines for drug investigation and to disseminate study results 
in the usually accepted channels. The AMA believes that chelation for 
atherosclerosis is an experimental process without proof in efficacy. 

8.3.4 Safety Concerns 
 
Not only does it appear to be ineffective, EDTA chelation therapy may present adverse 
consequences, such as kidney damage, if given in a series of 10-30 sessions and without 
proper monitoring by a physician.  Properly performed chelation therapy is unlikely to 
cause harmful effects but justification still seems necessary. 

8.3.5 Adverse Effects  

Chelation therapy is associated with potentially severe side effects. Significant 
hypocalcemia and tetany may occur, which can be life threatening. There have been 
reports of severe kidney damage and death after chelation therapy.  

8.3.6 Harvard Medical School and Natural Standard Assessment of Chelation 
 
Some of the following material was excerpted, abstracted or modified from the Harvard 
Medical School’s web site. 
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Chelation therapy was developed during the 1950s as a way to cleanse the blood and 
blood vessel walls of toxins and minerals. Therapy involves infusions into the 
bloodstream of the chemical edetic acid (EDTA). Sometimes the therapy may be given 
by mouth, which occasionally uses other chemicals.  Chelation was initially used as a 
treatment for heavy metal poisoning, but some observers believed that people receiving 
chelation therapy were benefiting in other ways. In modern times, chelation practitioners 
may recommend this therapy for atherosclerosis (clogged arteries), heart disease, 
peripheral vascular disease (claudication), diabetes and many other health problems. 
Chelation practitioners often recommend 20 or more treatments, which may cost several 
thousand dollars. 
 
The term "chelation" is also sometimes used in medicine as a general term to refer to the 
use of chemicals in the blood to remove specific toxins or contaminants (for example, 
deferoxamine is a chelating agent used to treat excessive amounts of iron in the 
body). This type of chelation should not be confused with EDTA chelation therapy. 
 
It has been suggested that chelation breaks down cholesterol plaques that cause clogged 
arteries and removes calcium from these plaques. However, no convincing scientific 
evidence has supported this theory. Chelation has also been suggested as an antioxidant 
therapy, although there is limited research in this area as well. 
 
Chelation may cause many severe side effects, including severe kidney damage, 
reduction of the body's ability to make new blood cells in the bone marrow, 
dangerously low blood pressure, fast heart rate, dangerously low calcium levels in 
the blood, increased risk of bleeding or blood clots (including interference with the 
effects of the blood-thinning drug warfarin [Coumadin]), immune reactions, 
abnormal heart rhythms, allergic reactions, blood sugar imbalances and 
convulsions. There have been reports of headache, fatigue, fever, nausea, vomiting, 
gastrointestinal upset, excessive thirst, sweating (diaphoresis), low white blood cell 
counts and low levels of blood platelets. People using chelation have had severe reactions 
in which they have stopped breathing. Death has been reported, although it is not clear if 
chelation therapy was the direct cause. 
 
Avoid chelation therapy if you have heart, kidney or liver disease or any condition 
affecting blood cells or the immune system. Chelation should be avoided in pregnant or 
breast-feeding women and in children. Chelation may not be safe in anybody; speak 
with a qualified health provider to balance the risks and possible benefits. 
 
Chelation therapy with EDTA has been suggested for many conditions. Chelation may 
play a role in the treatment of lead or heavy metal toxicity. It should be used only 
under the direct supervision of a qualified health care provider. Chelation has not been 
shown to be effective for any other condition. Recent studies suggest that chelation may 
not be beneficial as a treatment for clogged arteries or peripheral vascular disease. 
Chelation may cause many adverse effects or death. It should be avoided by patients with 
heart, kidney or liver disease; patients with conditions affecting blood cells or the 
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immune system; pregnant or breast-feeding women; and children. Speak with your health 
care provider if you are considering chelation therapy. The information in this 
monograph was prepared by the professional staff at Natural Standard, based on 
thorough systematic review of scientific evidence. The material was reviewed by the 
Faculty of the Harvard Medical School with final editing approved by Natural Standard. 
 
Natural Standard (An organization that produces scientifically based reviews of 
complementary and alternative medicine (CAM) topics) reviewed more than 10,000 
articles to prepare the professional monograph from which this version was created. 
 
Some of the more recent English-language studies are listed below: 

1. Anderson TJ, Hubacek J, Wyse DG, et al. Effect of chelation therapy on 
endothelial function in patients with coronary artery disease: PATCH substudy. J 
Am Coll Cardiol 2003;41(3):420-425.  

2. Bell SA. Chelation therapy for patients with ischemic heart disease [Comment]. 
JAMA 2002;287(16):2077.  

3. Chappell LT, Miranda R, Hancke C, et al. EDTA chelation treatment for 
peripheral vascular disease. J Intern Med 1995;237(4):429-432.  

4. Chappell LT, Stahl JP, Evans R. EDTA chelation therapy for vascular disease: a 
meta-analysis using unpublished data. J Adv Med 1994;7:131-142.  

5. Chappell LT, Stahl JP. The correlation between EDTA chelation therapy and 
improvement in cardiovascular function: a meta-analysis. J Adv Med 
1993;6:139-160.  

6. Chappell LT. Applications of EDTA chelation therapy. Alt Med Rev 
1997;2(6):426-432.  

7. Ernst E. Chelation therapy for coronary heart disease: an overview of all clinical 
investigations. Am Heart J 2000;140(1):139-141.  

8. Ernst E. Chelation therapy for peripheral arterial occlusive disease: a systematic 
review. Circulation 1997;96(3):1031-1033.  

9. Grawehr M, Sener B, Waltimo T, Zehnder M. Interactions of ethylenediamine 
tetraacetic acid with sodium hypochlorite in aqueous solutions. Int Endod J 
2003;36(6):411-417.  

10.Grebe HB, Gregory PJ. Inhibition of warfarin anticoagulation associated with 
chelation therapy. Pharmacotherapy 2002;22(8):1067-1069.  

11.Hellmich HL, Frederickson CJ, DeWitt DS, et al. Protective effects of zinc 
chelation in traumatic brain injury correlate with upregulation of neuroprotective 
genes in rat brain. Neurosci Lett 2004;355(3):221-225.  

12.Knudtson ML, Wyse DG, Galbraith PD, et al. Chelation therapy for ischemic 
heart disease: a randomized controlled trial. JAMA 2002;287(4):481-486.  

13.Lin JL, Lin-Tan DT, Hsu KH, Yu CC. Environmental lead exposure and 
progression of chronic renal diseases in patients without diabetes. N Engl J Med 
2003;348(4):277-286.  

14.Lin JL, Ho HH, Yu CC. Chelation therapy for patients with elevated body lead 
burden and progressive renal insufficiency: a randomized, controlled trial. Ann 
Intern Med 1999;130(1):7-13.  
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15.Lyngdorf P, Guldager B, Holm J, et al. Chelation therapy for intermittent 
claudication: a double-blind, randomized, controlled trial. Circulation 
1996;93(2):395-396.  

16.Markowitz ME. Managing childhood lead poisoning. Salud Publica Mex 
2003;S225-S231.  

17.Morgan BW, Kori S, Thomas JD. Adverse effects in 5 patients receiving EDTA at 
an outpatient chelation clinic. Vet Hum Toxicol 2002;44(5):274-276.  

18.Quan H, Ghali WA, Verhoef MJ, et al. Use of chelation therapy after coronary 
angiography. Am J Med 2001;111(9):686-691.  

19.Sang Choe E, Warrier B, Soo Chun J, et al. EDTA-induced activation of Ca-
regulated proteins in the vaginal mucosa 2004;68A(1):159-167.  

20.Shannon M. Severe lead poisoning in pregnancy. Ambul Pediatr 2003;3(1):37-39.  
21.Strassberg D. Chelation therapy for patients with ischemic heart disease 

[Comment]. JAMA 2002;287(16):2077.  
22.van Rij AM, Solomon C, Packer SG, et al. Chelation therapy for intermittent 

claudication: a double-blind, randomized, controlled trial. Circulation 
1994;90(3):1194-1199.  

23.Villarruz MV, Dans A, Tan F. Chelation therapy for atherosclerotic 
cardiovascular disease (Cochrane Review). Cochrane Database Syst Rev 
2002;(4):CD002785. 

 
8.3.7 My Personal View of Chelation Therapy 
 
Because this represents a non-specific treatment, if using EDTA, which potentially 
binds all transition metals, I have serious reservations concerning its safe use.  
There are so many important normal biochemical reactions dependent upon the 
presence and participation of transition metals to maintain homeostasis and to 
provide for adequate production of energy via ATP, that I am very skeptical of any 
“treatment” which non-specifically attempts to remove these transition metals from 
the body.   
 
However, since the EDTA/iron complex is a potent oxidant, and since I feel that 
increasing the prooxidant capacity of the body is important, it may be possible that 
the additional oxidation capacity of the EDTA/iron complex may help prevent 
atherosclerosis and serve in other protective ways.  However, I still  have 
considerable difficulty and concerns in justifying the use of chelation therapy on this 
basis alone.  
 
8.4 Copper (a Brief Primer) 
 
Some of the following material was excerpted, abstracted or modified from:  
www.pdrhealth.com . 

Copper is an essential trace mineral in animal and human nutrition. Anemia, 
neutropenia and osteoporosis are found with frank copper deficiency. Copper deficiency 
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in humans is rare but it does occur under certain circumstances, such as in patients 
receiving long-term total parenteral nutrition (TPN). Mild copper deficiency due to 
marginal copper intake over a long period may also occur. In addition to possible anemia, 
neutropenia and osteoporosis, manifestations of mild copper deficiency may include 
abnormal glucose tolerance, hypercholesterolemia, arthritis, myocardial disease, 
arterial disease, cardiac arrhythmias, loss of pigmentation and neurological problems.  
This group of diseases appears to be inclusive of the diseases I have suspected of being 
EMOD deficiency diseases.  

Copper is a transition metal with atomic number 29 and an atomic weight of 63.55 
daltons. Its symbol is Cu. Copper participates in metabolism as a component of many 
metalloenzymes, including ceruloplasmin or ferroxidase I, cytochrome oxidase, 
copper/zinc superoxide dismutase, dopamine beta-hydroxylase, tyrosinase, 
monoamine oxidase, diamine oxidase, lysyl oxidase (protein-lysine 6-oxidase), 
peptidylglycine-alpha-amidating monoxygenase and ferroxidase II. 

Copper essentiality for humans was first demonstrated in malnourished children in Peru. 
The children had an anemia that was not responsive to iron therapy, as well as 
neutropenia and bone abnormalities. The anemia, neutropenia and bone abnormalities 
were responsive to copper supplementation. Copper is required for normal infant 
development, red and white blood cell maturation, iron transport, bone strength, 
cholesterol metabolism, myocardial contractility, glucose metabolism, brain 
development and immune function, among other things (Saari JT, Sahuschke DA. 
Cardiovascular effects of dietary copper deficiency. Biofactors. 1999; 10:359-375). 

Although copper is clearly essential for a wide range of biochemical processes which are 
necessary for the maintenance of good health, copper is also a potentially toxic 
substance. Copper exists in the oxidation states Cu(I) or Cu+(cuprous), and Cu(II) or 
Cu2+ (cupric) under physiological conditions. The shift back and forth between these 
two oxidation states via single-electron-transfer reactions is the property that makes 
copper such an essential component of the enzymes mentioned above.  

Copper is another example of a molecule, whose job is to transfer electrons.  Again, 
this is not a bad thing. 

However, this redox property also contributes to its potential toxicity. Redox cycling 
between Cu+ and Cu2+ can generate the highly reactive oxygen species hydroxyl radicals 
which can damage lipids, DNA and proteins. Recently, intracellular proteins have been 
discovered that protect against the potential toxicity of copper ions. These proteins escort 
copper ions directly to enzymes that require them in order to function. Free copper ions 
are involved in the formation of hydroxyl radicals. The proteins that protect cells 
from copper toxicity are called copper chaperones and essentially keep the cells free 
of free copper ions (Harrison MD, Jones CE. Solioz M, Dameron CT. Intracellular 
copper routing: the role of copper chaperones. Trends Biochem Sci. 2000; 25:29-32). 
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Wilson's disease, or hepatolenticular degeneration, is an autosomal recessive 
disorder that results from pathological accumulation of copper, principally in liver 
and brain tissues. 

The richest dietary sources of copper include nuts, seeds, legumes, the bran and germ 
portions of grains, liver, kidneys, shellfish, oysters and crustaceans. Cow's milk has little 
copper. 

8.4.1 ACTIONS AND PHARMACOLOGY 

Copper may have antioxidant activity. 

Copper deficiency has been found to increase the susceptibility of lipoproteins to 
peroxidation in rats and to increase oxidative DNA damage in lymphocytes in culture 
(Rayssiguier Y, Gueux E, Bussiere L, Mazur A. Copper deficiency increases the 
susceptibility of lipoproteins and tissues to peroxidation in rats. J Nutr. 1993; 123:1343-
1348). 

Supplemental copper was found to prevent oxidative DNA damage in lymphocytes in 
culture. Copper supplementation in middle-aged volunteers was found to protect red 
blood cells against oxidation (Rock E, Mazur A, O'Connor JM, et al. The effect of 
copper supplementation on red blood cell oxidizability and plasma antioxidants in 
Middle-aged healthy volunteers. Free Rad Biol Med. 2000; 28:324-329). 

Copper is a cofactor for copper/zinc superoxide dismutase and ceruloplasmin, two 
important antioxidant enzymes, and the possible antioxidant activity of copper may be 
accounted for, at least in part, by its role in these enzymes. However, the study with 
human volunteers mentioned above did not show increased copper/zinc superoxide 
activity with copper supplementation. The mechanism of the possible antioxidant activity 
of supplemental copper is unclear. 

Copper is principally absorbed in the small intestine. A small amount of copper is 
absorbed in the stomach. Copper appears to be absorbed by both active and passive 
processes. At low and moderate intakes of copper, it appears to be absorbed by a 
saturable active transport mechanism. At high copper intakes the active transport 
mechanism becomes saturated, and copper is absorbed by passive diffusion. The 
absorption efficiency of copper ranges from 15% to 97%. The absorption efficiency 
appears to depend on the level of dietary copper intake. As dietary copper increases, 
the fractional absorption of copper decreases (Saari JT, Sahuschke DA. 
Cardiovascular effects of dietary copper deficiency. Biofactors. 1999; 10:359-375). 

Following absorption from the small intestine, copper is transported in the blood 
primarily bound to albumin. Copper is mainly taken up by the liver where it is 
principally incorporated into ceruloplasmin. Copper-containing ceruloplasmin is 
released from the liver into the blood and delivered to cells containing ceruloplasmin 
receptors.  Copper containing ceruloplasmin binds to these receptors and releases 
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copper into the cell. The major route of copper excretion is via bile into the 
gastrointestinal tract (Harris ED. Cellular copper transport and metabolism. Annu Rev 
Nutr. 2000; 20:291-310). 

There is some experimental indication that supplemental copper may have some 
anticancer effects and may be of benefit in some with arthritis. Claims that it is 
protective against cardiovascular disease apply primarily to those with copper 
deficiency. There is preliminary evidence that copper may have beneficial effects on 
immunity in those with copper deficiency and perhaps in those with marginal copper 
deficiency. 

There are some dated reports that supplementary copper significantly protected rats 
against chemically-induced cancers. Another study reported that a copper-salicylate 
derivative inhibited tumor promotion in mice. In an in vitro study, several copper-
containing compounds prevented the malignant transformation of chick-embryo 
cells by the Rous sarcoma virus.  

Several conditions result in increases in plasma copper and ceruloplasmin. These 
variables also rise, often to 2 or 3 times normal concentrations, with inflammatory 
conditions, infectious disease, hematologic disease, diabetes, coronary and 
cardiovascular diseases, uremia and malignant diseases, and oral contraceptive use; 
during pregnancy; and after surgery. Smoking and some drugs will also increase 
serum copper concentrations. Ceruloplasmin is an acute phase reactant and the rise in 
serum copper is primarily due to the hepatic synthesis and release of ceruloplasmin. The 
increases in serum copper and ceruloplasmin parallel one another. 
 
5-Fluorouracil (5-FU) as chemotherapy in cases of hepatocellular carcinoma (HCC) 
was found to initiate hepatotoxic injuries, ascites, leucopenia, thrombocytopenia and 
myelosuppression that limit its use. Therefore, this work was conducted to investigate 
whether the combination of copper (I)-nicotinate complex [CuCl (HNA)2] with 5-FU 
may overcome such a drug resistance. Forty-eight patients with HCC were therapy-naive 
and treated with 5-FU (12 mg/kg/day) for 5 days in 2 cycles with 4 weeks in between. 
Twenty-four of them were simultaneously given oral doses of copper (I)-nicotinate 
complex (0.8 mg/kg/day) started with the 5-FU treatment. The combined therapy of CuCl 
(HNA)2 with 5-FU could improve the prognosis of HCC-patients. Improvement of liver 
function was presented by significant reduction of serum bilirubin (p<0.001), 
transaminases and alkaline phoshatase (p<0.05). The copper complex prevented 
hypoproteinaemic and hypoalbuminaemic effects of 5-FU and rendered the prothrombin 
time to its normal value (p<0.001). Superoxide dismutase, ceruloplasmin and 
immunoglobulins IgG showed significant increases (p<0.001), while serum copper and 
lipid peroxides were reduced (p<0.001). Thrombocytopenia, leucopenia and other 
myelosuppressive effects of 5-FU were reduced by the co-administration of CuCl 
(HNA)2. They concluded that the combination with CuCl (HNA)2 given in such a 
dosage schedule mitigated the most frequent toxicities associating 5-FU administration 
and enhanced defense mechanisms against oxidative stress (El-Saadani MA. A 
combination therapy with copper nicotinate complex reduces the adverse effects of 5-
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fluorouracil on patients with hepatocellular carcinoma. J Exp Ther Oncol. 2004 Apr; 
4(1):19-24).  Unfortunately, they arrived at an incorrect conclusion.  Copper is a 
well known agent to increase oxidation and would serve to increase “oxidative 
stress”, not decrease it.  Also, the increase in SOD would increase the prooxidant 
protection by converting superoxide to hydrogen peroxide. 
 

8.4.2 Copper Bracelets 

Copper bracelets have been worn by many in an effort to ameliorate symptoms of 
arthritis. A study of this folk remedy found that some of those who had worn the 
bracelets for prolonged periods and then discontinued wearing them became 
significantly worse, compared with controls who wore placebo bracelets that also 
appeared to be made of copper. The subjects in this study suffered primarily from 
osteoarthritis. There was evidence that copper from the bracelets, dissolved in sweat, 
was absorbed through the skin. 

There is also evidence from animal studies that copper complexes of aspirin, tryptophan 
and penicillamine have anti-inflammatory effects. Injections of copper/zinc superoxide 
dismutase directly into the joints of some patients with osteoarthritis and 
rheumatoid arthritis have reportedly produced some relief.  I believe that this effect 
is due to the generation of H2O2 by SOD, which corrects an EMOD deficiency state. 
(Johnson WT, Thomas AC. Copper deprivation potentiates oxidative stress in HL-60 cell 
mitochondria. Proc Soc Exp Biol Med. 1999; 221:147-152). 

There is no doubt that copper deficiency can contribute to cardiovascular disease. It 
seems likely that supplemental copper might be helpful in preventing and treating 
cardiovascular disease even in those with marginal copper deficiency. Animal studies 
have shown that copper deficiency increases the susceptibility of lipoproteins and 
tissues to peroxidation. I believe that this indicates a prooxidant function for copper 
and not an antioxidant effect. There are also indications that copper deficiency may 
play a role in hypertension, in weakening of the structural integrity of the heart and 
blood vessels and in reduced ability of the heart to contract, among other negative 
effects (Klevay LM. Cardiovascular disease from copper deficiency — a history. J Nutr. 
2000; 130:489S-492S) (Klevay LM. Coronary heart disease: the zinc/copper hypothesis. 
Am J Clin Nutr. 1975; 28:764-774). 

Similarly, copper appears to play some important roles in immunity, and supplemental 
copper might thus be beneficial in even those with slight or marginal copper deficiency. 
Copper deficiency has been shown to increase vulnerability to and mortality from 
infection in some animal studies. Recently, it has been shown that neutrophils in 
human peripheral blood are significantly diminished both in number and in their ability 
to create superoxide anions and kill ingested micro-organisms in conditions of 
marginal, as well as overt, copper deficiency. Animal and in vitro studies have also 
demonstrated that even marginal copper deficiency reduces levels of interleukin 2 and 
diminishes T cell proliferation. 
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8.4.3 Copper Cautions 

Supplemental copper is contraindicated in those with Wilson's disease 
(hepatolenticular degeneration), a disease of abnormal copper accumulation (Waggoner 
DJ, Bartnikas TB, Gitlin JD. The role of copper in neurodegenerative disease. 
Neurobiology of Disease. 1999; 6:221-230). 

.  Supplemental copper is also contraindicated in those hypersensitive to any component 
of a copper-containing nutritional supplement.  Pregnant women and nursing mothers 
should avoid doses of copper above the upper limit of the stated safe and adequate daily 
dietary intake (ESSADI). The ESSADI for copper for adults is 1.5 to 3.0 milligrams 
daily. 

Those with chronic liver failure and chronic renal failure should exercise extreme caution 
in the use of copper supplements.  Copper in gram amounts is extremely toxic. 
Accidental copper poisoning has occurred among children. Others have ingested 
several grams in suicide attempts. Excessive copper intake produces nausea and 
vomiting, epigastric pain and diarrhea. 

Penicillamine: Concomitant use of penicillamine and copper can cause decreased 
absorption of both substances. Those who use penicillamine for the treatment of Wilson's 
disease should avoid the use of supplemental copper. 

Iron: Excessive intake of nonheme iron may decrease copper status. 

Molybdenum: Excessive intake of molybdenum may decrease copper status. 

Zinc: Excessive use of zinc may cause decreased absorption of copper. One explanation 
for this interaction is that high dietary zinc induces intestinal metallothionein. Copper 
has a stronger affinity for intestinal metallothionein than does zinc and displaces 
zinc in intestinal metallothionein and is trapped. Copper depletion was observed when 
supplements of 50 milligrams or more of zinc were given for extended periods. Copper 
absorption was not affected by zinc doses of 16.5 milligrams daily for extended periods. 

Vitamin C: Vitamin C supplementation of 1,500 milligrams daily caused the activity of 
the copper transporting protein ceruloplasmin to decline. Vitamin C supplementation of 
600 milligrams daily also caused a decline in ceruloplasmin, but copper absorption was 
not impaired. 

Concomitant intake of copper with foods rich in phytic acid (unleavened bread, raw 
beans, seeds, nuts and grains and soy isolates) may decrease the absorption of copper. 
Diets high in fructose may decrease copper status. Gram amounts of copper can cause 
coma, oliguria, hepatic necrosis, vascular collapse and death. 

Copper supplements are available in several forms, including cupric oxide, copper 
gluconate, copper sulfate and copper amino acid chelates. Copper supplements are 
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typically found in combination products. Typical doses range from 1.5 to 3.0 milligrams 
daily. There is no reason to use higher amounts of copper (Turnlund Jr. Copper. In: Shils 
ME, Olson JA, Shike M. Ross AC, eds. Modern Nutrition in health and Disease, 9th ed. 
Baltimore, MD: Williams and Wilkins; 1999:241-252). 

The Food and Nutrition Board of the U.S. National Academy of Sciences has 
recommended the following estimated safe and adequate daily dietary intake (ESSADI) 
values for copper: 

 

Age (year) ESSADI 
(milligrams)

  
Infants 0.4-0.7
1-3 0.7-1.0
4-6 1.0-1.5
7-10 1.0-2.0
11-18 1.5-2.5

 

 

Adults 1.5-3.0
 

8.4.4 Copper and Cancer 

Some of the following materials were excerpted, abstracted or modified from:  (C. D. 
Davis.  Low Dietary Copper Increases Fecal Free Radical Production, Fecal Water 
Alkaline Phosphatase Activity and Cytotoxicity in Healthy Men. J. Nutr. 133:522-527, 
February 2003) 

Colorectal cancer is becoming a major human cancer in the United States, and presently 

accounts for 130,000 new cases and >50,000 deaths each year (American Cancer Society 
(2000) Cancer Facts & Figures 2000 ACS Atlanta, GA). Approximately 50% of the 
Western population can expect to develop at least one colorectal tumor by the age of 70 
(Kinzler, K. & Vogelstein, B. (1996) Lessons from hereditary colorectal cancer. Cell 
187:159-170). Diet is believed by many to be the single greatest contributor to 
human cancer, including colon cancer, and may be associated with 35–70% of the 
disease (Doll, R. & Peto, R. (1981) The causes of cancer: quantitative estimates of 
avoidable risks in the United States today. J. Natl. Cancer Inst. 66:1192-1200).  

Stem cells of the colorectal mucosa lie near the complex, potentially mutagenic fecal 
stream. Therefore, an understanding of the effects of diet on the chemistry of fecal 
material is essential in the development of strategies to prevent colorectal cancer and oral 
iron supplements have been found to increase EMODs generated in feces (Lund, E. 
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K., Wharf, S. G., Fairweather-Tait, S. J. & Johnson, I. T. (1999) Oral ferrous sulfate 
supplements increase the free radical-generating capacity of feces from healthy 
volunteers. Am. J. Clin. Nutr. 69:250-255).  

There has been considerable interest in the role of the aqueous phase of human feces 
(fecal water) in studies examining the mechanisms underlying the dietary etiology of 

colon cancer (Lapre, J. A., De Vries, H. T. & Van Der Meer, R. (1993) Cytotoxicity of 
fecal water is dependent on the type of dietary fat and is reduced by supplemental 
calcium phosphate in rats. J. Nutr. 123:578-585) (De Kok, T.M.C.M., Van Faassen, A., 
Glinghammar, B., Pachen, D. M., Eng, M., Rafter, J. J., Baeten, C. G., Engels, L. G. & 
Kleinjans, J. C. (1999) Bile acid concentrations, cytotoxicity and pH of fecal water from 
patients with colorectal adenomas. Dig. Dis. Sci. 44:2218-2225) (Rieger, M. A., Parlesak, 
A., Pool-Zobel, B. L., Rechkemmer, G. & Bode, C. (1999) A diet high in fat and meat 
but low in dietary fiber increases the genetotoxic potential of "faecal water.". 
Carcinogenesis 20:2311-2316) (Glinghammar, B. & Rafter, J. (2001) Colonic luminal 
contents induce cyclooxygenase 2 transcription in human colon carcinoma cells. 
Gastroenterology 120:401-410).  

The hypothesis is that components of this fecal fraction are in direct contact with the 
colonocytes and are more likely to exert adverse effects on the cells of the colonic 
epithelium than components bound to food residues or bound to the bacterial mass. 

It has been demonstrated that the cytotoxicity of the fecal water to HT-29 cells is 
dependent on dietary factors. Fecal water cytotoxicity can cause epithelial cell loss in 
the large bowel, which leads to a compensatory crypt cell proliferation. It has been 
shown that an increased cell proliferation is linked to a higher risk for the development of 
colonic cancer (Stadler, J., Yeung, K. S., Furrer, R., Marcon, N. & Himaal, H. S. (1988) 
Proliferative activity of rectal mucosa and soluble fecal bile acids in patients with normal 
colons and patients with colonic polyps or cancer. Cancer Lett. 38:315-320). Therefore, 
measuring the cytotoxicity and alkaline phosphatase activity of human fecal water is 
being used increasingly as a risk marker for this disease in dietary intervention studies.  

Oxygen radicals, such as superoxide and hydrogen peroxide, which are produced by 
aerobic metabolism, can damage proteins, lipids and DNA under in vivo conditions, and 
this damage has been implicated in the induction of somatic mutations that may favor the 
development of several forms of cancer (Nelson, R. L., Davis, F., Sutter, E., Sobin, L. H., 
Kidendall, J. W. & Bowen, P. (1994) Body iron stores and risk of colonic neoplasia. J. 
Natl. Cancer Inst. 86:455-460). 

Another assay with which to assess colon cancer susceptibility is fecal free radical 
production. Free radical production in fecal incubates depends on the individual’s diet 
(Babbs, C. F. (1990) Free radicals and the etiology of colon cancer. Free Radic. Biol. 
Med. 8:717-718) (Babbs, C. F. & Gale, M. J. (1987) Colorimetric assay for 
methanesulfinic acid in biological samples. Anal. Biochem. 163:67-73).  
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One possible dietary factor that may increase the susceptibility to colon cancer is 
inadequate dietary copper. Recent studies (Davis, C. D. & Feng, Y. (1999) Dietary 
copper, manganese and iron affect the formation of aberrant crypts in colon of rats 
administered 3, 2'-dimethyl-4-aminobiphenyl. J. Nutr. 129:1060-1067) (Davis, C. D. & 
Johnson, W. T. (2001) Dietary copper and dimethylhydrazine affect protein kinase C 
isozyme protein and mRNA expression and the formation of aberrant crypts in colon of 
rats. Biofactors 15:11-26) have shown that ingestion of a diet low in copper 

significantly increased the formation of 3,2'-dimethyl-4-aminobiphenyl- and 
dimethylhydrazine-induced aberrant crypt foci in rats.  

Aberrant crypt foci are preneoplastic lesions that have been detected in human colon 
resections and in experimental rats treated with chemical carcinogens (Bird, R. P. (1995) 
Role of aberrant crypt foci in understanding the pathogenesis of colon cancer. Cancer 
Lett. 93:55-71).  

Generation of reactive oxygen species at the mucosal surface where the fecal water comes 
into contact with oxygen may cause damage to the protective mucus, leading to cellular 
damage. However, I believe that increased EMODs levels will decrease cancer 
growth allowance. This is exactly what happens when the diet is low in copper or 
iron, which decreases generation or EMODs, which increases neoplasia.  It is well 
known that both iron and copper are strong oxidizing agents or can contribute to 
the prooxidant state.  

Three studies have shown that copper deficiency increased the incidence of 
chemically induced intestinal cancer in rats (DiSilvestro, R. A., Greenson, J. K. & 
Liao, Z. (1992) Effects of low copper intake on dimethylhydrazine-induced colon cancer 
in rats. Proc. Soc. Exp. Biol. Med. 201:94-97) (Greene, F. L., Lamb, L. S., Barwick, M. 
& Pappas, N. J. (1987) Effect of dietary copper on colonic tumor production and aortic 
integrity in the rat. J. Surg. Res. 42:503-512) (Davis, C. D. & Johnson, W. T. (2002) 
Dietary copper affects azoxymethane-induced intestinal tumor formation and protein 
kinase C isozyme protein and mRNA expression in colon of rats. J. Nutr. 132:1018-
1025).  

A recent study showed that copper deficiency significantly increased the small 
intestine tumor incidence in Min mice, a genetic model for human colon cancer 
susceptibility (Davis, C. D. & Newman, S. (2000) Inadequate dietary copper increases 
tumorigenesis in the min mouse. Cancer Lett. 159:57-62). Thus, low dietary copper may 
be a potential risk factor for colon cancer in humans.  

The purpose of the current study was to investigate the effects of low and adequate 
copper intakes on copper nutriture and putative risk factors for colon cancer susceptibility 
in healthy men which demonstrated that low dietary copper adversely affects fecal free 
radical-generating capacity in humans, which may explain the increased 
susceptibility to colon cancer previously observed in copper-deficient animals.  
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Increased free radical production in the luminal contents of the colon was associated with 
increased lipid peroxidation in the mucosa of the rat cecum and large intestine. High 
levels of dietary iron increased free radical production (Lund, E. K., Fairweather-Tait, 
S. J., Wharf, S. G. & Johnson, I. T. (2001) Chronic exposure to high levels of dietary iron 
fortification increases lipid peroxidation in the mucosa of the rat large intestine. J. Nutr. 
131:2928-2931).  

The correlation between fecal free radical-generating capacity and fecal water iron 
concentrations when men consumed the adequate copper diet is similar to observations by 
Erhardt et al., who showed that a diet high in fats and low in fiber increases free radical 
production (Erhardt, J. G., Lim, S. S., Bode, J. C. & Bode, C. (1997) A diet rich in fat and 
poor in dietary fiber increases the in vitro formation of reactive oxygen species in human 
feces. J. Nutr. 127:706-709).  

So, here goes C.D. Davis with another “paradox” in an attempt to make the data fit 
the flawed Free Radi-Crap theory. The effect of dietary copper on free radical 
production is paradoxical. As the free ion, there is no doubt that copper can promote 
damage to cellular molecules and structures through free radical formation (Linder, J. C. 
(2001) Copper and genomic stability in mammals. Mutat. Res. 475:141-152).  

The chemistry of copper makes it an ideal participant in redox reactions because it cycles 
easily between the cuprous and cupric state. It has been hypothesized that the various 

The fact that low dietary iron and copper increases neoplasia is in contrast to the 
hypothesis by Babbs (Babbs, C. F. (1990) Free radicals and the etiology of colon cancer. 
Free Radic. Biol. Med. 8:717-718) that bacteria release superoxides, which are converted 
to the highly reactive hydroxyl radical through the catalytic activity of iron. I believe that 

all of the foregoing data shows that increased levels of EMODs in the fecal stream, 
secondary to iron and copper prooxidant activity, decreases neoplasia. This 
approach is consistent with my Unified Theory. 

In theory and in the test tube, copper ions can induce formation of reactive oxygen 
species that can, but do not necessarily, damage biomolecules, including unsaturated 
lipids and DNA, probably via Fenton-like chemistry (Koppenol, W. E. (1994) Chemistry 
of iron and copper in radical reactions. Burdon, R.H. Rice-Evans, C.A. eds. Free Radical 
Damage and Its Control 1994 Elsevier Amsterdam, The Netherlands). It is also now well 
known that many of the EMODs serve as secondary cellular messengers to assist 
normal metabolism. Furthermore, is also now well known that antioxidants can be 
quite harmful. 

The chemical form of dietary copper present in the colon is unknown. Copper has a role 
in preventing oxidative damage, as a cofactor of the antioxidant enzymes copper-zinc 

superoxide dismutase and Ceruloplasmin. Copper plays a crucial role in antioxidant 
defense by being a part of SOD if you subscribe to the part line.  However, I believe that 
SOD is an important prooxidant enzyme because of the fact that it generates a more 
potent oxidant of H2O2 from a weak oxidant, O2

.-. This is SOD’s only function.  
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anticancer effects and apoptotic DNA fragmentation activities of several plant-derived 

polyphenols may be explained by their ability to mobilize intracellular or 
extracellular copper in cancer cells (Hadi, S. M., Asad, S. F., Singh, S. & Ahmad, A. 
(2000) Putative mechanism for anticancer and apoptosis-inducing properties of plant-
derived polyphenolic compounds. IUBMB Life 50:167-171). 

Enterococcus faecalis is a microorganism of the human intestinal tract that produces 
substantial extracellular superoxide, and derivative reactive oxygen species such as 
hydrogen peroxide and hydroxyl radical, through autoxidation of membrane-associated 
demethylmenaquinone (Huycke, M. M., Abrams, V. & Moore, D. R. (2002) 
Enterococcus faecalis produces extracellular superoxide and hydrogen peroxide that 
damages colonic epithelial cell DNA. Carcinogenesis 23:529-536). These investigators 
observed that in a rat model of intestinal colonization, E. faecalis resulted in 
significantly higher stool concentrations of hydrogen peroxide and 5,5-dimethyl-1-
pyrroline N-oxide adducts of hydroxyl and thiyl radicals, as identified by electron spin 
resonance-spin trapping compared with rats colonized with different bacteria. The 
importance of intestinal bacteria in the pathophysiology of the colon is further 
emphasized by the fact that 45–60% of fecal solids are bacteria (Stephen, A. M. & 
Cummings, J. H. (1980) The microbial contribution to human fecal mass. J. Med. 
Microbiol. 13:45-56).  

The effect of dietary copper on the free radical-generating capacity of the feces did not 
appear to be mediated through systemic changes in copper status that altered copper 
antioxidant enzymes in the colonic mucosal cells because none of the hematological 

indicators of copper or antioxidant status differed with the dietary treatments. Although it 
is possible that the colonic mucosal enzymes are more susceptible to dietary copper 
deficiency and may in fact show alterations sooner that the systemic indices, two previous 
studies in rats have shown that colonic copper concentrations respond less to changes in 
dietary copper than plasma copper concentrations. Explanations for the higher free 
radical-generating capacity of the feces, when men consumed the low copper diet are 
lacking, if based on the predictions of the Free Radi-Crap Theory.   

Babbs (Babbs, C. F. (1990) Free radicals and the etiology of colon cancer. Free Radic. 
Biol. Med. 8:717-718) attributed the generation of EMODs by fecal samples to the 
bacteria present because, in his studies with autoclaved feces, free radicals could not 
be detected.  

In contrast, Owen et al. (Owen, R. W., Spiegelhalder, B. & Bartsch, H. (2000) Generation 
of reactive oxygen species by the fecal matrix. Gut 46:225-232) believe that EMODs are 
produced by a soluble factor within the fecal stream rather than by indigenous bacteria. 
However, the effect of dietary copper on different bacterial cell populations is unknown. 
Future research is required to determine what is causing the free radical production in the 
fecal matrix and how it is modified by dietary copper, especially if you want to try to 
force the data to fit the Free Radi-Crap theory. 
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Researchers argued that dietary factors that lead to colon cancer are probably not 
mutagens, but rather luminal irritants that damage epithelial cells. This leads to a 
compensatory epithelial regeneration, which increases the risk of endogenous mutations 
in cell turnover genes (Sesnick, A.L., Tremont, D.S., Kleibeuker, J. H. & Van der Meer, 
R. (2001) Red meat and colon cancer: dietary haem-induced colonic cytotoxicity and 
epithelial hyperproliferation are inhibited by calcium. Carcinogenesis 22:1653-1659). I 
believe that it is possible that iron derived from heme in a red meat diet, may have 
beneficial effects due to increased generation of EMODs in the colon. 

This study by C.D. Davis demonstrates that low dietary copper adversely affects the fecal 
environment such that men had higher fecal free radical production, fecal water 
cytotoxicity and alkaline phosphatase activity when consuming low dietary copper 
compared with adequate dietary copper. These are putative risk factors for colon cancer, 
and changes in the composition of the feces may explain the higher colon cancer 
susceptibility in copper-deficient compared with copper-adequate animals. It does not 
make sense that lower copper levels results in lower generation of EMODs but it 
makes a lot of sense that lower levels of copper, hence lower levels of EMODs, 
readily explains the higher colon cancer susceptibility seen in copper-
deficient animals. 

8.4.5 Metals and Oxidation 
 
Studies have shown that metals, including iron, copper, chromium, and vanadium 
undergo redox cycling. However, cadmium, mercury, and nickel, as well as lead, 
deplete glutathione and protein-bound sulfhydryl groups, resulting in the 
production of EMODs as superoxide ion, hydrogen peroxide, and hydroxyl radical. 
Effects of transition metals are very much dependent upon their concentrations. As a 
consequence, enhanced lipid peroxidation may occur. DNA damage, and altered calcium 
and sulfhydryl homeostasis occur. Fenton-like reactions may be commonly associated 
with most membranous fractions including mitochondria, microsomes, and peroxisomes.  
 
Phagocytic cells are another important source of EMODs in response to metal ions. 
Various studies have suggested that the ability to generate EMODs by redox cycling 
quinones and related compounds may require metal ions. Studies have suggested that 
metal ions may enhance the production of tumor necrosis factor alpha (TNF alpha) 
and activate protein kinase C, as well as induce the production of stress proteins. Thus, 
some mechanisms associated with the toxicities of metal ions are very similar to the 
effects produced by many organic xenobiotics. Specific differences in the toxicities of 
metal ions may be related to differences in solubilities, absorbability, transport, chemical 
reactivity, and the complexes that are formed within the body (Stohs SJ, Bagchi D.  
Oxidative mechanisms in the toxicity of metal ions. Free Radic Biol Med. 1995 
Feb;18(2):321-36). 
 
8.4.6 Catalytic Metals, Ascorbate and EMODs 
 
Some of the following material was excerpted, abstracted or modified from:  GB Buettner 

Page 681 of 931 



and BA Jurkiewiez. Catalytic metals, ascorbate, and free radicals:  combinations to avoid. 
Radiation Research 145, 532-541 (1996).  Because of the importance of this paper, I 
have included it in the following fashion: 
 
Usually, ascorbate is considered an excellent reducing agent. However, in its 
capacity as a reducing agent, it is able to reduce redox-active metals such as copper 
and iron and thereby it increases the prooxidant activity of these metals. Hence, 
ascorbic acid can serve as both an antioxidant and as a prooxidant.  Generally it is a 
prooxidant at low concentrations and it tends to be an antioxidant at high 
concentrations and thus, it exhibits a “crossover effect.” Buettner et al believe that 
the presence and concentrations of these transition metals determines the “position” 
of the crossover effect. 

 

 

 

 

 
A major turning point in the research and understanding of free radicals in biology and 
medicine occurred in 1968-1969 with the discovery of erythrocuprein functions 
enzymatically as a superoxide dismutase.  Equally important was the discovery that an 
enzyme, xanthine oxidase, produces superoxide.  Soon, Beauchamp and Fridovich 
made the very important observation that hydroxyl radicals appeared to be produced in 
the superoxide-generating system of xanthine-xanthine oxidase. 

The hypothesis of Haber, Weiss and Willstatter became moot and on a biological time 
scale, it is a very slow reaction at cellular concentrations of these two reactants and 
thus can be considered to be a negligible process.  Iron, or more generally catalytic 
transition metals, were thought to be responsible for HO. formed in a superoxide-
generating system. 

Addition of iron to a system generating superoxide enhances the peroxidation of 
membrane lipids (Fong, K.L., McCay, P.B., Poyer, J.L., Keele, B.B. and Misra, H.P.  
Evidence that peroxidation of lysosomal membranes is initiated by hydroxyl free radicals 
produced during flavin enzyme activity.  J Biol Chem 1973; 248: 7792-7797).  Even 1uM 
adventitious levels of iron in buffer solutions could alter results of O2

.- generating 
systems. Additionally, chelating agents will alter the reactivity of iron in O2

.- generating 
systems.  Ethylenediaminetetraacetic acid (EDTA) enhances the reactivity of iron 
toward O2

.-, while diethylenetriaminepentaacetic acid (DETAPAC or DTPA) 
drastically slows the O2

.- reaction with iron (GR Buettner, LW Oberley and SWHC 
Leuthauser, The effect of iron on the distribution of superoxide and hydroxyl radicals as 
seen by spin trapping and on the superoxide dismutase assay.  Photochem. Photobiol. 28, 
693-695 (1978).  
 
8.4.7 Autoxidation 

Superoxide, H2O2 and HO. produced from the autoxidation of ascorbate, catecholamines 
or thiols have been implicated in numerous human diseases, in spite of the undeniable 
fact that the direct reaction of dioxygen with the vast majority of biomolecules, 
including the above, is spin-forbidden because ground state dioxygen is a biradical 
(Miller, D.M., Buettner, G.R. and Aust, S.D.  Transition metals as catalysts of 
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“autoxidation” reactions.  Free Radic Biol Med 1990; 8: 95-108).  Consequently, there is 
a severe limitation on the kinetics of the direct oxidation of these compounds (ascorbate, 
catecholamines or thiols) by ground state dioxygen.  Thus, an alternate mechanism is 
needed to explain these “auto-oxidations.” Catecholamines are dopamine, epinephrine 
and norepinephrine. 
 

 
Transition metals can exist in several spin-states and are able to relieve the spin 
restriction of dioxygen, thereby enhancing the rate of biomolecule oxidation.  This is 
especially important when it is realized that innumerable biomolecules bind transition 
metals, in particular protein moieties containing oxygen, nitrogen or sulfur atoms.  The 
coordination of biomolecules by transition metals almost always involves the d-
orbitals of the metal.  These orbitals may also allow the simultaneous binding of a 
biomolecule and dioxygen, thereby providing a bridge between O2 and the biomolecule.  
Thus, all the necessary ingredients to produce oxidative damage can be present at a 
particular site. Theoretically, the transitions metals are acting as true catalysts and 
the occurrence of undesirable biological reactions could be greatly accelerated. 

Many biological molecules autoxidize by contacting and giving O2 an electron, thus, 
forming O2

.-. Several sugars, including glucose, interact with protein to form 
EMODs. 
 
Transition metals serve as efficient catalysts of redox reactions and their reactions 
with dioxygen are not spin restricted.  Thus, it is likely that the vast majority of so-
called autoxidation reactions are, in fact, metal catalyzed (Miller, D.M., Buettner, 
G.R. and Aust, S.D.  Transition metals as catalysts of “autoxidation” reactions.  Free 
Radic Biol Med 1990; 8: 95-108).   
 

 
Unbeknownst trace amounts of adventitious catalytic metals in buffer solutions can 
serve as artifactual catalysts for many oxidative processes and have undoubtedly 
served to confuse free radical research because of incidental transition metal 
contamination.   
 
Trace levels of transition metals are significant factors in ascorbate oxidation 
(Buettner, G.R.  In the absence of catalytic metals ascorbate does not autoxidize in pH 7: 
ascorbate as a test for catalytic metals.  J Biochem Biophys Meth 1988; 16: 27-40), as 
well as in the metal-catalyzed Haber-Weiss reaction, often called the superoxide-
driven Fenton reaction (Buettner, G.R., Oberley, L.W. and Leuthauser, S.W.H.C.  The 
effect of iron on the distribution of superoxide and hydroxyl radicals as seen by spin 
trapping and on the superoxide dismutase assay.  Photochem Photobiol 1978; 28: 693-
695). 
 
Trace catalytic metal contaminants are ubiquitous in salt and buffer solutions.  
Typical concentrations of adventitious iron are 1-10 µM while that of copper is ~0.1 
µM (Buettner, G.R.  In the absence of catalytic metals ascorbate does not autoxidize in 
pH 7: ascorbate as a test for catalytic metals.  J Biochem Biophys Meth 1988; 16: 27-40).   
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Chelates can not guarantee metal removal.  Strong reducing radicals, such as the 
paraquat free radical (-450 mV), can reduce Fe(III)DETAPAC to the Fe2+ complex, 
thus making it catalytically very reactive (CC Winterbourn and HC Sutton, Hydroxyl 
radical production from hydrogen peroxide and enzymatically generated paraquat 
radicals:  catalytic requirements and oxygen dependence. Arch. Biochem. Biophys. 235, 
116-126 (1984). This is analogous to the increased prooxidant activity of Fe(III)EDTA 
complexes. 
 
Ferritin can hold ≈2500 ions/molecule, while transferrin can hold two ferric 
ions/molecule.  On a per-iron basis, each is very resistant to reaction with superoxide.  
The rate constant for the reaction of superoxide with ferritin was found to be 2 x 106 
M-1s-1 or only ≈1 x 103 M-1 s-1 (iron) -1, a very slow process.   
 

 

The prevailing hypothesis on how metals are involved in free radical oxidation suggests 
the oxidants, such as HO. or perhaps perferryl ions (chelator-Fe-O2 complexes), are 
involved in the observed oxidations. In other words, it may be the metal ion which is 
reacting or it may be a metal complex which is reacting. 

The iron chelates DETAPAC and Desferal seem to slow the Fe3+ to Fe2+ reduction 
reaction significantly, rather than slowing the Fenton reaction, involving H2O2 and 
iron. 
 
Metal chelates can protect biomolecules by forming thermodynamically stable metal-
chelate complexes, which can remove metals complexed to biomolecules; thus, 
protecting the biomolecules from site-specific oxidation (as may occur with ferritin and 
transferrin). Alternatively, the metal chelate can form complexes that hinder the redox 
cycling.  Both protective mechanisms may be operable in chelation therapy. 

The reaction of superoxide with transferrin iron is also very slow, k < 105 M-1 s-1.  
Even the ultimate of reducing free radicals, eaq

- , is able to react with transferrin only by 
forming a protein radical with no significant reduction of iron (Buettner, G.R.  The 
reaction of superoxide, formate radical and hydrated electron with transferrin and its 
model compound Fe(III)-ethylenediamine-N,N1-bis(2-hydroxylphenyl acetic acid) as 
studied by pulse radiolysis.  J Biol Chem  1987; 262: 11995-11998).  Thus, the iron of 
intact transferrin will not participate in the catalysis of free radical oxidation 
reactions. 

Likewise, the iron in transferrin can become available for oxidation reactions, but it 
appears that this happens only when there is damage to the protein (Clark, R.A. and 
Pearson, D.W.  Inactivation of transferrin iron binding capacity by the neutrophil 
myeloperoxidase system.  J Biol Chem 1989; 264: 9420-9427).  The very slow reaction 
rates of iron-bound ferritin and transferrin is very important in accessing the 
likelihood of and frequency of the Fenton reaction, other than in the presence of free 
transition metals.  However, the iron in ferritin and transferrin can be coaxed to act 
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catalytically because reducing agents such as superoxide and ascorbate or reducing 
radicals such as paraquat, adriamycin and alloxan radicals can reduce Fe3+ in ferritin to 
Fe2+.  Fe2+ is a lot more soluble that Fe3+ and thus can be released from the core of the 
ferritin molecule. This released iron can then participate in oxidation reactions.  
8.5 The “pecking order of oxidizing free radicals” of Buettner must always 
be taken into account when addressing free radical reactivity.  
 
 

Radical mV 
.OH (hydroxyl) +2300 
.LO (alkoxyl) +1600 

LOO. (peroxyl) +1000 
  .GS (glutathione) +920 
.HU- (urate) +590 
.Toc (tocopherol) +480 
.Asc- (ascorbate) +282 

Fe3+-EDTA  +120 

 

 

H2O2   +320 

Paraquat2+  -448 

RSSR/RSSR.-(GSH) -1500 

 

 

 

Source (RADIATION RESEARCH; Buettner, GR; 145:532-541 (1996)].) 

PUFA.                    +600 

O2/O2
.-  -330 

Fe(III)Desferal -450 

H2O/eaq
-  -2870  

In nearly all the experimental systems where ascorbate has pro-oxidant properties, 
there is the simultaneous presence of redox active metals.  Thus, catalytic metals 
and ascorbate are to be avoided, unless one wishes to increase the prooxidant state. 

Thermodynamically and kinetically (reaction rates) ascorbate can be an excellent 
antioxidant. Ascorbate forms a “more domesticated” radical as compared to the 
aggressive radicals with which it reacts. Surprisingly, ascorbate seems to produce very 
low levels of O2

.- (M Scarpa, R Stevanato, P Viglino, A Rigo, Superoxide ion as active 
intermediate in the autooxidation of ascorbate by molecular oxygen. J Biol. Chem. 258, 
6695-6697 (1982). The ascorbate radical and dehydroascorbate can be reduced and 
recycled.  
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In almost all of the experimental systems where ascorbate has prooxidant activity, there 
are active transition metals present.  This produces the “paradox” of ascorbate’s 
prooxidant behavior. Ascorbate is an excellent reducing agent and the redox cycling 
is essential to the oxidation of the vast majority of singlet state organic molecules (DM 
Miller, GR Buettner and SD Aust, Transition metals as catalysts of “autoxidation” 
reactions.  Free Radic. Biol. Med. 8, 95-108 (1990). 
 

 

 

 

 

 

In general, low concentrations of ascorbate are required for pro-oxidant conditions, 
while high concentrations are needed for antioxidant conditions. 

Thus, at very low levels of catalytic metals, ascorbate “will nearly always” serve as 
an antioxidant.  However, if the levels of available metals should increase, then ascorbate 
could be dangerous.  In fact, for patients suffering from iron overload, it would be 
expected that supplemental ascorbate would be detrimental. 

Ascorbate is readily oxidized.  However, the rate of this oxidation is dependent upon 
pH and the presence of catalytic metals (Buettner, G.R.  In the absence of catalytic 
metals ascorbate does not autoxidize in pH 7: ascorbate as a test for catalytic metals.  J 
Biochem Biophys Meth 1988; 16: 27-40) (Buettner, G.R.  Ascorbate oxidation: UV 
absorbance of ascorbate and ESR spectroscopy of the ascorbyl radical as assays for iron.  
Free Rad Res Commun 1990; 10: 5-9) (Buettner, G.R.  Ascorbate autoxidation in the 
presence of iron and copper chelates.  Free Rad Res Commun  1986; 1: 349-353) 
(Borsook, H., Davenport, H.W., Jeffreys, C.E.P. and Warner, R.C.  The oxidation of 
ascorbic acid and its reduction in vitro and in vivo.  J Biol Chem 1937; 117: 237-279) 
(Weissberger, A., LuValle, J.E. and Thomas, D.S.  Oxidation processes. VI. The 
autoxidation of ascorbic acid.  J Chem Soc 1943; 65: 1934-1939) (Halliwell, B. and 
Foyer, C.H.  Ascorbic acid, metal ions and the superoxide radical.  Biochem J  1976; 155: 
697-700).   
 
It has been found that in room-temperature, aerated, aqueous solutions at pH 7.0 (50 mM 
phosphate buffer) 10-30% of 125 µM ascorbate is lost in just 15 minutes.   

Because copper is ≈80 times more efficient as a catalyst for ascorbate oxidation than 
iron, in typical phosphate buffers it is the adventitious copper that is the biggest culprit 
in catalyzing ascorbate oxidation (Buettner, G.R.  In the absence of catalytic metals 
ascorbate does not autoxidize in pH 7: ascorbate as a test for catalytic metals.  J Biochem 
Biophys Meth 1988; 16: 27-40).  I speculate that this aspect of copper reactivity in 
producing increased oxidation may explain it beneficial effects in treating arthritis 
by the use of copper bracelets. 

The formation of oxidizing free radical intermediate can be significant if catalytic iron is 
present. Thus, iron may help generate 1O2 in PDT.  Iron (II) will react with the lipid 
hydroperoxides in a reaction parallel to the Fenton reaction for highly oxidizing lipid 
alkoxyl radicals: 

 Fe2+  +  LOOH    Fe3+  +  LO.  +  OH-
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Researchers hypothesized that iron in the presence of ascorbate would serve as a pro-
oxidant in a Photofrin photodynamic system.  Thus, iron could be used to advantage in 
pharmacological treatments that have oxidations involved in their mechanism of action.  
 

 

 
  Cu1+ + Fe3+   Cu2+  +  Fe 2+

These same processes may be of significance in a biological setting. 

 
 
Some of the following material was excerpted, abstracted or modified from:  (Sule Yi

I believe that the use of iron and ascorbate could safely contribute to the prooxidant 
state of the body and add to prooxidant protection against pathogens and neoplasia. 
 
Numerous studies have found that metal-chelating agents can ameliorate tissue 
damage resulting from ischemia/reperfusion episodes. Metal contamination with iron 
and copper have likely altered studies of ischemia/reperfusion in heart muscle, skeletal 
muscle studies and all tissues studied. 
 
Researchers have found that isolated hearts accumulate transition metals from the 
buffer solution, producing artificially high levels of iron and copper, copper being the 
worst. Metal-free buffers produced ischemia/reperfusion results with no significant 
injury occurring (SR Powell and RA Wipnir, Adventitious redox-active metals in 
Krebs-Henseleit buffer can contribute to Langendorff heart experimental results. J. Mol. 
Cell. Cardiol. 26, 769-778 (1994).   
 
Metals are both too easily blamed and or often neglected in studies of free radical 
oxidations. 
 
The potential synergy of metals in oxidations has been investigated.  Our colleagues in 
environmental research have noted that iron and copper are co-conspirators in the 
oxidation of organics in atmosphere waters (Sedlak, D.L. and Hoigne, J.  The role of 
copper and oxalate in the redox cycling of iron in atmospheric waters.  Atmos Environ  
1993; 27A: 2173-2185). 

  K  =  3  x 107  M-1s-1 

 

 
 
8.5.1     38.3.3 Other Antioxidant Effects of Bilirubin   

it, 
Murat Yurdakök, Kamer Kilinç, Olcay Oran, Gülsen Erdem, Gülsevin Tekinalp.  Serum 
malondialdehyde concentration in babies with hyperbilirubinaemia. Arch Dis Child Fetal 
Neonatal Ed 1999;80:F235-F237 (May). 

Free radical reactions are part of many normal biological processes. Molecular oxygen, 
necessarily present in all aerobic organisms, readily accepts an electron, resulting in the 
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formation of oxygen free radicals. These are allegedly implicated in many disease 
processes, including pulmonary oxygen injury, intraventricular hemorrhage, retinopathy 
of prematurity, ischemia/reperfusion injury manifest as necrotizing enterocolitis, post-
asphyxial central nervous system injury, and acute tubular necrosis (Saugstad OD. Free 
radicals in neonatal intensive care. In: Tybboel D, Van der Voort E, eds. Intensive care in 
childhood: A challenge to the future, update in intensive care and emergency medicine. 
Berlin: Springer, 1996;36-52) (Warner BB, Wispe JR. Free radical mediated diseases in 
pediatrics. Semin Perinatol 1992;16:47-57) (Cheeseman KH, Slater TF. An introduction 
to free radical biochemistry. Br Med Bull 1993;49:481-493).  

According to some, the body defends itself against the toxicity of oxygen free radicals 
using enzymatic mechanisms superoxide dismutases, catalase, glutathione peroxidase
as well as non-enzymatic ones several antioxidant vitamins (McCord JM, Keele BB, 
Fridovich I. An enzyme based theory of obligate anaerobiosis: The physiological function 
of superoxide dismutase. Proc Natl Acad Sci 1971;68:1024-1027) (Ýnan C, Kylyc Y, 
Kylyc K, Kalaycy O, Kotiloglu E. The effect of high dose antenatal vitamin E on hypoxia 
induced changes in newborn rats. Pediatr Res 1995;38:685-689).  

Furthermore, a series of compounds and metabolites such as mannitol, uric acid, 
bilirubin and many others act as oxygen radical scavengers (Stocker R, Yamamoto Y, 
McDonagh AF, Glazer AN, Ames BN. Bilirubin is an antioxidant of possible 
physiological importance. Science 1987;235:1043-1046) (Stocker R, Ames BN. Potential 
role of conjugated bilirubin and copper in the metabolism of lipid peroxides in bile. Proc 
Natl Acad Sci USA 1987;84:8130-8134). Bilirubin is generally regarded as a toxic 
compound and it is responsible for the development of kernicterus. However, the bile 
pigments bilirubin and biliverdin also protect cellular membrane lipids from oxidative 
destruction (Stocker R, Glazer AN, Ames BN. Antioxidant activity of albumin bound 
bilirubin. Proc Natl Acad Sci USA 1987;84:5918-5922).   

Bilirubin is an efficient scavenger of reactive oxygen species, especially singlet oxygen.   
I believe that this raises some interesting points.   Thus, I ask, “Why do high levels of 
bilirubin (this purported natural potent antioxidant) cause brain damage in high 
concentrations?  The Free Radi-Crap theory would predict that it would have great 
beneficial antioxidant effects in a hostile oxidizing organ such as the brain; instead, 
the antioxidant bilirubin can cause permanent brain damage!  I believe that this is a 
natural experiment which shows the need for EMODs in promoting normal brain 
function and the dangers of antioxidants. 

Please remember that another natural antioxidant, uric acid, is the causal agent in 
gout. 

Malondialdehyde concentrations in newborn infants were used with or without 
hyperbilirubinemia to determine lipid peroxide concentrations. The study group 
comprised 58 term newborn infants admitted to Hacettepe University Hospital because of 
clinically significant indirect hyperbilirubinaemia. Clinically significant indirect 
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hyperbilirubinaemia was defined as being present in infants with a serum total bilirubin 
concentration of more than 12.8 mg/dl.  

The study group was divided into groups according to the etiology of hyperbilirubinemia: 
19 of the 58 infants (group I) had hemolytic type hyperbilirubinemia due to blood group 
(Rh or ABO) incompatibility. However, no etiological factor for hyperbilirubinemia could 
be found for the other 39 babies (group II).  

Bilirubin is generally regarded as a toxic compound when, in its unconjugated form, it 
accumulates to abnormally high concentrations in biological tissues, and is thus 
responsible for the development of kernicterus (Maisels MJ. Jaundice. In: Avery GB, 
Fletcher MA, Macdonald MG, eds. Neonatology. Philadelphia: JB Lippincott, 1994;630-
725). However, bilirubin also functions as a natural antioxidant.  

Bilirubin reactions involving free radicals or toxic oxygen reduction products have been 
well documented: unconjugated bilirubin scavenges singlet oxygen with high 
efficiency, reacts with superoxide anions and peroxyl radicals, and serves as a reducing 
substrate for peroxidases in the presence of hydrogen peroxide or organic hydroperoxides 
(Stocker R, Ames BN. Potential role of conjugated bilirubin and copper in the 
metabolism of lipid peroxides in bile. Proc Natl Acad Sci USA 1987;84:8130-8134).  
Albumin bound bilirubin efficiently inhibits the peroxyl radical induced oxidation of fatty 
acids (Stocker R, Glazer AN, Ames BN. Antioxidant activity of albumin bound bilirubin. 
Proc Natl Acad Sci USA 1987;84:5918-5922).  In the intestine, conjugated bilirubin 
also serves as a natural antioxidant which protects oxidizable substances from 
destruction in the intestinal tract.  

I ask, “How is it that bilirubin, which is a natural antioxidant and scavenger of 
singlet oxygen, causes permanent brain damage by producing kernicterus?” 

Bilirubin is important as an antioxidant as its concentration is thought to increase in 
response to oxidative stress.  Heme oxygenase (HO) is a microsomal enzyme that 
catalyses the degradation of heme to biliverdin, and then by activation of biliverdin 

reductase, to bilirubin. Oxidation of heme is carried out by two isoenzymes of the 
microsomal HO, HO-1 and HO-2. HO-1 is the commonly known HO, the activity of 
which can be increased up to 100-fold in response to a wide variety of stimuli (metals, 
heme, hormones, etc) (Willis D, Moore AR, Frederick R, Willoughby DA. Heme 
oxygenase: a novel target for the modulation of the inflammatory response. Nat Med 
1996;2:87-90).  Therefore, HO-1 has also been classified as a heat shock protein. HO-
2, the major isoform present under physiological conditions, was only recently discovered 
and this isoenzyme seems to be uninducible.  It has been shown that in rat liver, cobalt 
chloride (CoCl2) injections decreased the activity of antioxidant enzymes like 
superoxide dismutase, catalase, and glutathione peroxidase, suggesting that CoCl2 is 
a trigger for oxidative stress.  After CoCl2 injection, HO activity was found to have 
increased. However, this increase in haem oxygenase activity was prevented by 
administration of bilirubin (Llesuy SF, Tomaro ML. Heme oxygenase and oxidative 
stress. Evidence of involvement of bilirubin as physiological protector against oxidative 
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damage. Biochim Biophys Acta 1994;1223:9-14).  Thus an increase in bilirubin as a 
result of HO induction could be a response to the initial oxidative stress.  As bilirubin is 
a potent antioxidant and heme is a pro-oxidant, the increase in HO activity has been 
implicated in tissue protection against oxidative stress.  

In this study, malondialdehyde concentration was significantly higher in infants with 
hyperbilirubinemia.  The causes of hyperbilirubinaemia in babies can be classified into 
two groups: hemolytic and non-hemolytic.  As all infants in this study were in the first 
10 days of life all were being breastfed. So feeding mode was not a factor for non-
hemolytic jaundice.  

While this study establishes a correlation between malondialdehyde and bilirubin 
concentrations in jaundiced infants, the two categories in the study group did not show 
the same degree of correlation. Those infants with hyperbilirubinaemia and hemolysis had 
a high level of correlation between malondialdehyde and bilirubin concentrations. On the 
other hand, those without hemolysis did not show any significant correlation between 
concentrations of bilirubin and malondialdehyde, both of which were high.  This 
indicates to me that EMODs levels are high in the newborn, as I believe it should be.   

The correlation in the group with hemolysis may be explained by its effect on oxidative 
stress and bilirubin production. Hemolysis itself leads to an increase in oxidative stress 
(Phylactos AC, Leaf AA, Costeloe K, Crawford MA. Erythrocyte cupric /zinc superoxide 
dismutase exhibits reduced activity in preterm and low birthweight infants at birth. Acta 
Pediatr 1995;84:1421-1425) (Sullivan JL. Iron, plasma antioxidants, and the `oxygen 
radical disease of prematurity. Am J Dis Child 1988;142:1341-1344) (Cooke RWI, Clark 
D, Hickey-Dwyer M, Weindling AM. The apparent role of blood transfusions in the 
development of retinopathy of prematurity. Eur J Pediatr 1993;152:833-836).  Hemolysis 
also leads to an increase in bilirubin concentration.  

The situation of infants without haemolysis is less obvious. In this category the increase 
in bilirubin concentrations cannot be accounted for by factors such as haemolysis. 
Perhaps hyperbilirubinaemia is a sign of reductive stress. 

Exchange transfusion rapidly produced variable changes in the concentrations of pro-
oxidant and antioxidant substances in plasma and may thus influence free radical 
metabolism in neonates (Lindeman JHN, Lentjes EGWM, Houdkamp E, Zoeren-Grobben 
D, Schrijver J, Berger HM. Effect of an exchange transfusion on plasma antioxidants in 
the newborn. Pediatrics 1992;90:200-203).  There was a significant decrease in the 
concentrations of bilirubin and malondialdehyde after exchange transfusion. The fall in 
malondialdehyde concentration was probably directly related to its exogenous removal by 
the exchange transfusion.  

In another study, elevated levels of plasma MDA-TBA at 7 days were associated with 
adverse respiratory and ophthalmological outcome in the very low birth weight (VLBW) 
infants. Elevated MDA-TBA levels were measured at sample times close to the time of 
death in the infants who died (Inder TE, Darlow BA, Sluis KB, et al. The correlation of 
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elevated levels of an index of lipid peroxidation (MDA-TBA) with adverse outcome in 
the very low birth weight infant. Acta Paediatr 1996;85:1116-1122). These results 
substantiate previously reported preliminary observations and support the hypothesis that 
oxidative injury, particularly within the first 7 days of life, is associated with the 
development of the long-term complications of the pre-term infant. MDA-TBA levels 
appear to be a useful measure to continue to explore the role of free radical mediated 
disease in the VLBW infant.   However, I could also interpret this to mean that the 
high levels of EMODs were present to fight disease and to protect a very sick child. 
 

 

In a previous study, it was found that the decrease in the total plasma bilirubin level 
(Btot) in preterm infants was associated with the decrease in oxidative stress. It was 
hypothesized that this occurs as a result of a pro-oxidant effect of heme oxygenase (HO), 
which out competes with the antioxidant properties of bilirubin. In this study they studied 
12 preterm infants in whom the plasma levels of Btot, total hydroperoxide (TH), protein 
SH groups, HO activity, non–transferrin-bound iron (NTBI), and erythrocyte CuZn 
superoxide dismutase (CuZn SOD) activity were concurrently measured when the Btot 
was >220 µM and after a Btot drop of >34 µM. The Btot decrease was concurrent with 

the TH decrease, protein SH groups increase, and the HO and CuZn SOD activity 
increase and was not associated with an NTBI increase. I was concluded that 1) Btot does 
not exert a meaningful antioxidant effect in vivo; 2) HO does not exert a pro-oxidant 

effect involving an NTBI increase and that, on the contrary, it could exert an 
antioxidant effect; and 3) the concurrent HO and CuZn SOD activity increase could 
indicate a synergic antioxidant effect of the two enzymes (Dani, C, Masini, E, et al. Role 
of Heme Oxygenase and Bilirubin in Oxidative Stress in Preterm Infants. Pediatric 
Research 56:873-877 (2004).  I believe that this study really confuses the oxy-morons.  
Now, it is said that bilirubin is not an important antioxidant in vivo and HO is 
actually acting as an antioxidant.    

8.5.2 More Antioxidant Bilirubin Confusion in Infants 

Many illnesses in preterm infants, such as chronic lung disease, necrotizing enterocolitis, 
retinopathy of prematurity and intracranial hemorrhage, are thought to be related to the 
action of RONS. They occur because the antioxidant system of preterm infants is 
highly stressed and incompletely developed (Thibeault DW. The precarious antioxidant 
defenses of the preterm infant. Am J Perinatol 2000;17:167–81).  Several reports have 
emphasized the antioxidant role of bilirubin, which in human neonatal plasma seems 
to have a greater antioxidant capacity than urates, -tocopherol, or ascorbates 
(Miller NJ, Rice-Evans C, Davies MJ, et al. A novel method for measuring antioxidant 
capacity and its application to monitoring the antioxidant status in premature neonates. 
Clin Sci 1993;84:407–12).  Bilirubin reactions involving free radicals or toxic products of 
oxygen reduction have been well documented. In particular, unconjugated bilirubin is 
able to scavenge singlet oxygen with high efficiency, to react with superoxide anions 
and peroxyl radicals, and to serve as a reducing substrate for peroxidases in the 
presence of hydrogen peroxide or organic hydroperoxides.  However, although the 
antioxidant effect of bilirubin as a scavenger of reactive oxygen species is well 
documented in vitro (Mireles LC, Lum MA, Dennery PA. Antioxidant and cytotoxic 
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effects of bilirubin on neonatal erythrocytes. Pediatr Res 1999;45:355–62) and animal 
studies, its role in vivo has not been clarified in preterm infants. Yigit et al reported that 
serum malondialdehyde concentrations were higher in infants with 
hyperbilirubinaemia than in controls, and other authors have found a significant 
correlation between serum bilirubin and total antioxidant capacity of the plasma. 

The hypothesis of this study was that changes in plasma bilirubin levels may influence 
the antioxidant system and oxidative stress in newborn infants.  Their data shows a 
decrease in plasma bilirubin concomitant with an increase in plasma antioxidant 
capacity and decrease in oxidative stress in preterm infants. These results seem to 
disagree with previous studies using in vitro and animal models, both of which showed 
antioxidant properties of bilirubin. However, the latter studies, although accurate, 
could not exactly replicate what occurs in human beings, especially preterm infants. 
Furthermore, bilirubin has not always been found to be effective as an antioxidant 

agent: Mireles et al showed in vitro that, after oxidative stress, a bilirubin concentration 
> 30 mg/dl is associated with an increase in protein oxidation (Mireles LC, Lum MA, 
Dennery PA. Antioxidant and cytotoxic effects of bilirubin on neonatal erythrocytes. 
Pediatr Res 1999;45:355–62); moreover, the infusion of 15 mg/kg bilirubin in an animal 
model was not effective in preventing the oxidative stress and pulmonary hypertension 
induced by group B streptococcus (Pauly TH, Smith M, Gillespie M. Bilirubin as an 
antioxidant: effect on non group B streptococci-induced pulmonary hypertension in infant 
piglets. Biol Neonate 1991;60:320–6). 

These results confirm the findings of Yigit et al, (Yigit S, Yurdakok M, Kilinc K, et al. 
Serum malondialdehyde concentrations in babies with hyperbilirubinemia. Arch Dis 
Child Fetal Neonatal Ed 1999;80:F235–7) who did not find a correlation between serum 
malondialdehyde and bilirubin concentrations in preterm infants with non-hemolytic 
hyperbilirubinaemia, and Gopinathan et al, (Gopinathan V, Miller NJ, Milner AD, et al. 
Bilirubin and ascorbate antioxidant activity in neonatal plasma. FEBS Lett 
1994;349:197–200) who did not observe a correlation between serum bilirubin and total 
plasma antioxidant capacity in preterm infants. Others found a reduction in antioxidant 
capacity of plasma after exchange transfusion and the subsequent decrease in plasma 
bilirubin.  

Heme oxygenase has been reported to have a role as a pro-oxidant agent and is the 
enzyme responsible for physiological haem degradation; it catalyses the degradation of 
heme to equimolar amounts of carbon monoxide, biliverdin, and iron.  Three 
isoforms have been isolated, the inducible haem oxygenase (HO-1), the constitutive haem 
oxygenase (HO-2), and the more recently discovered and less active haem oxygenase 
(HO-3).  HO-1 is a known stress protein, the transcription of which can be induced 
by a whole array of stressors, including endotoxin, transition metal ions, heme, 
hemin, hemoglobin, and other heme proteins.  Indeed, it has been suggested that HO-1 
induction may represent a generalized response to oxidative stress and that it may confer 

cellular protection against oxidant stress. The protection mechanism is unclear, although 
removal of pro-oxidant heme, synthesis of antioxidant bilirubin, and induction of ferritin 

synthesis, which sequesters redox active iron, may be involved.  However, other studies 
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suggest that HO-1 induction may not always be beneficial and that the release of redox 
active iron from haem may induce an increase in oxidative stress. Moreover, studies in 
vitro have suggested that the possible protective antioxidant action of heme oxygenase 
may occur within a narrow range, so in cases in which it is over expressed, iron released 

may prevent any cytoprotective effect against oxidative stress (Dennery PA. 
Regulation and role of heme oxygenase in oxidative injury. Curr Top Cell Regul 
2000;36:181–99). 

In summary, I believe that the entire area of bilirubin and HO is still in serious 
question. 

8.5.3 Bilirubin and Phototherapy 

Bilirubin is an important free radical scavenger in early neonatal life in response to 
oxidative stress. Phototherapy reduces the concentrations of circulating bilirubin, but 
there are conflicting data on red cell membrane lipid peroxidation secondary to 
phototherapy (Akisü M, Çoker C, Tüzün S, Yilmaz D, Kültürsay N. Serum 
malondialdehyde levels in preterm and full term infants undergoing phototherapy. Acta 
Paediatr 1998;87:605-606) (Ostrea EM, Cepeda EE, Flevry CA, Balun JE. Red cell 
membrane lipid peroxidation and haemolysis secondary to phototherapy. Acta Paediatr 
Scand 1985;74:378-381). Other data suggests that phototherapy does not induce lipid 
peroxidation in healthy term infants with non-hemolytic hyperbilirubinemia (Letters 
to the editor.  Arch Dis Child Fetal Neonatal Ed 2000;82:F171 (March).  

I believe that the validity of these studies become unreliable and their conclusions 

questionable.  

It was believed that phototherapy may affect the energy metabolism and oxygen 
consumption of newborn infants by a number of mechanisms. The photo-oxidation of 
bilirubin in the skin is an oxygen consuming process, and it has been shown that 
photo-energy accelerates the oxidation of fatty acids (Ostrea EM Jr, Fleury CA, Balun JE, 
et al. Accelerated degradation of essential fatty acids as a complication of phototherapy. J 
Pediatr 1983;102:617-619). The metabolic effect of phototherapy, however, appears to be 
mediated mainly through changes in the infant's thermal environment. Part of the 
photo-energy, especially that near the infrared range, is converted into heat energy which 
increases the environmental and skin temperature of the infant.  Overheating may increase 
metabolic rate as a result of elevation of the body temperature and increase in insensible 
water loss. A profound increase in evaporative water loss is seen when sweating is 
elicited by a rise in body temperature in newborns. Even without apparent sweating, 
infants undergoing phototherapy exhibit a significant increase in peripheral blood 
flow and transepidermal insensible water loss (Oh W, Yao AC, Hanson JS, et al. 
Peripheral circulatory response to phototherapy in newborn infants. Acta Paediatr Scand 
1973;62:49-54).  

A rise in body temperature may also increase respiratory rate and minute ventilation, 
leading to increased respiratory water loss. The increase in evaporative water loss through 
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the skin and respiratory tract consumes a substantial amount of heat energy in the form of 
latent heat of evaporation, and the increase in muscle activity caused by increased 
respiratory rate and the discomfort resulting from overheating also increases metabolic 
rate. It has been estimated that, in newborns, approximately 2.42 J of heat is dissipated for 
each gram of water evaporated. The thermal effect on insensible water loss is 
particularly pronounced in preterm and low birth weight infants because of skin 
factors, including larger surface area in relation to body weight, thinner epidermis, larger 
water content, and greater permeability.  

The thermal effect of phototherapy can be minimized by maintaining a stable 
environmental temperature using devices such as a plastic blanket or Perspex heat shield. 
Kjartansson et al reported that, in both full term and preterm infants whose skin 

temperature was maintained at a constant level by servocontrol, phototherapy was not 
associated with any significant change in oxygen consumption or water loss through 
the skin or the respiratory tract (Kjartansson S, Hammarlund K, Sedin G. Insensible 
water loss from the skin during phototherapy in term and preterm infants. Acta Paediatr 
1992;81:764-768).  

The metabolic effects of phototherapy on newborn infants have always been a concern of 
pediatricians. Previous workers have shown impaired growth in infants during 
phototherapy (Wu PY, Lim RC, Hodgman JE, et al. Effect of phototherapy in preterm 
infants on growth in the neonatal period. J Pediatr 1974;85:563-566).  However, infants 
subsequently catch up weight in weeks 2 and 3.  

The radiant energy from the phototherapy light does not significantly change the 

metabolic rate of thermally stable full term and preterm newborns. It thus appears that 
an increase in insensible water loss is caused principally by heat stress and not by 
photo-energy per se (T F Fok, J-S Gu, C N Lim, P C Ng, H L Wong, K W So. Oxygen 
consumption and resting energy expenditure during phototherapy in full term and preterm 
newborn infants. Arch Dis Child Fetal Neonatal Ed 2001;85:F49-F52 (July). 

8.5.1     38.3.4 Green Tea Extract and its Polyphenols  
 
The principal components of green tea polyphenols, i.e., EGCG, EGC, ECG, EC and 
GA, are effective antioxidants against linoleic acid peroxidation in homogeneous 
solutions, especially when they are used in combination with α-tocopherol. The 
synergistic antioxidative effect may be explained by recycling α-tocopherol by the tea 
polyphenols (Zhi-Sheng Jia, Bo Zhou, Li Yang, Long-Min Wu and Zhong-Li Liu 
Antioxidant synergism of tea polyphenols and a-tocopherol against free radical induced 
peroxidation of linoleic acid in solution.  J. Chem. Soc., Perkin Trans. 2, 1998). 
 

 
8.5.2      38.7 Ionizing Radiation 

According to the dose and the way of exposition ionizing irradiation may primarily 
damage hematopoietic, gastrointestinal or neural tissues. Whole-body irradiation 
produces nonspecific immunosuppression which is the cause of increased sensitivity 
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to infection. The infection is developed mainly due to leucopenia and the loss of physical 
integrity of mucosal membranes especially in the gastrointestinal tract. Whole-body 
irradiation eliminates most of the mature lymphocytes of the immune system while 
preserving the more radiation-resistant elements such as the thymic epithelium. Ionizing 
radiation is also used for the treatment of patient with cancer and sometimes in the form 
of local graft irradiation. An alternative form of radiation therapy is total lymphoid 
irradiation e.g. for the treatment of Hodgkin's disease. Lethally irradiated persons can be 
given immature bone marrow cells to reconstitute the immune systems.  

On the cell level, irradiation destroys important biopolymers (DNA, proteins) and 
biological membranes. At first, the degenerative changes of nucleus and chromosomal 
aberrations can be seen. The increased membrane permeability and activation of 
hydrolytic lysosomal enzymes disrupt cell structures and compartments. Irreversible 
damage of irradiated cells causes their complete destruction, necrosis.  

 
8.6       38.70 Anemia 
 
8.6.1 Anemia 
 
On Jan.15, 2005, Amgen, Inc. has issued a warning for it anemia drug, Aranesp, for 
kidney dialysis and cancer patients after studies on similar drugs showed higher 
doses can cause blood clots and death.  The studies revealed major complications, 
including blood clots and death, when doctors used anemia drugs to try to boost 
hemoglobin levels beyond what was recommended.  The drug was given in hopes of 
improving cancer treatment through increased hemoglobin and oxygen levels but a 
spokesperson said, “At this point, we know we have not observed this in our 
oncology studies and trials.”  Current anemia drugs are Amgen’s Aranesp and Epogen: 
Ortho Biotech’s Procrit, which are bioengineered versions of a human protein, 
erythropoietin, and these companies sell several billion dollars of these products per year.  
Erythropoietin products are becoming associated with higher rates of fatal 
thrombotic events. 
 
8.6.2 Erythropoietin and Tumor Growth 
 
A recent report suggesting that erythropoietin may impair survival in patients with 
head and neck cancer is further cause for concern for many oncologists who prescribe 
the drug rather routinely (Bower V. Erythropoietin may impair, not improve cancer 
survival.  Nat Med 2003;9:1439).  If erythropoietin is proangiogenic and 
antiapoptotic, its administration to cancer patients seems ill advised.  Both the secretion 
of erythropoietin as well as the expression of erythropoietin receptors have been 
demonstrated in tumor cells, implying that the trophic factor erythropoietin in these 
cells may promote tumor growth (Ferrario E, Ferrare L, Bidoli P, et al. Treatment of 
cancer-related anemia with epoetin alfa:  a review.  Cancer Treat Rev. 2004;30:563-575).  
Also, a clinical study suggested that increased erythropoietin expression is associated 
with tumor cell hypoxia (Arcasoy MO, Amin K, Chou SC, et al. Erythropoietin and 
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erythropoietin receptor expression in head and neck cancer:  relationship to tumor 
hypoxia.  Clin cancer Res. 2005;11:20-27). 
 

 

8.6.3 Complications 

Most cases of anemia are mild, including those that occur as a result of chronic disease. 
Nevertheless, even mild anemia can reduce oxygen transport in the blood, causing fatigue 
and a diminished physical capacity. Moderate to severe iron-deficiency anemia is known 
to reduce endurance. (Some studies indicate that even iron deficiency without anemia can 
produce a subtle but still lower capacity for exercise.) 

8.6.4 Complications of Severe or Prolonged Anemia 
Because a reduction in red blood cells decreases the ability to absorb oxygen from the 
lungs, over time serious problems can occur in prolonged and severe anemia that is not 
treated.  Anemia can lead to secondary organ dysfunction or damage, including heart 
arrhythmia and congestive heart failure. 

8.6.5 Effects of Anemia in Pregnant Women 

Pregnant women who are anemic have an increased risk for poor pregnancy outcomes, 
particularly if they are anemic in the first trimester. 

8.6.6 Anemia in general 

One study reported a higher incidence of ear infections in infants with iron deficiency 
anemia.(On the other hand, some experts have identified an anemia in children that may 
be caused by inflammation from infections such as ear infections, urinary tract infections, 
or others. More research is needed on this finding.) 

In children, severe anemia can impair growth and motor and mental development. Proof 
is lacking, but one small, well-conducted trial suggested that iron therapy in anemic 
children under two may help reverse some of these problems. (Iron deficiency in 
vegetarian children without anemia may cause mental impairment, but it appears to 
be temporary.)  Iron deficient children are also at a greater risk of infections. 

A long-term 2000 study reported that 11- to 15-year old children who had been severely 
iron-deficient during their infant years scored lower than normal children in all subjects, 
but particularly in written expression. They also tended to have more behavioral, general 
health, and emotional problems. Another study reported that teenage girls with iron 
deficiency, even without anemia, may have temporary memory and concentration loss. 

I believe that the facts related to iron levels argues for the presence of iron and for 
the generation of hydroxyl radicals, which can interact to yield H2O2.  Both of these 
conditions would have beneficial effects. 
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8.6.7 Effects of Anemia in the Elderly 

Anemia is common in older people and can have significantly more severe complications 
than anemia in younger adults. A 1999 study reported higher mortality rates in anemic 
individuals 85 and older compared to their non-anemic peers. (The rates were higher in 
anemic men than in women.) The following are examples of its effects from different 
studies: 

• Anemia has adverse effects on the heart and increases the severity of cardiac 
conditions, including reducing survival rates from heart failure and heart attacks. 
Elderly patients who are anemic for more than two days before heart surgery also 
have a greater risk for complications and death. A 2002 study further suggested 
that anemia might even be a risk factor for heart disease itself.  

• One study found that anemia was a strong predictor of other serious problems that 
were not present at the time anemia was first detected. For example, 13% of 
elderly people with anemia developed cancer over a ten-year period 
compared to 5% of non-anemic individuals. Rates of infection and peptic ulcer 
rates were also higher in anemic patients.  

• Anemia is associated with higher mortality rates and possibly heart disease in 
patients with kidney disease (regardless of age).  

• One 1999 study also found an association between anemia and vascular dementia. 
(This form of dementia is caused by lack of oxygen to the brain. It is not related to 
Alzheimer's disease.)  

• A strong association was noted between an increased incidence of falls and the 
presence of anemia.  

All of the facts relating to anemia are consistent with my Unified Theory, in that 
decreased levels of oxygen lead to deficiency states of EMODs and allow for the 
manifestation of cancer and vascular disease.  This may also be the case for 
cataracts and rheumatoid arthritis seen in the elderly or with increased aging.   
 
8.6.8     39.7.9 Cardiac Function - Metabolism 

Most tissues and organs are equipped to deal with injury more efficiently than the 
heart. For example, the mending of broken bones and renewal of injured skin is so 
mundane they are taken for granted. Until recently, it was thought that myocytes 
(muscle cells) of the adult heart were incapable of self-renewal; once damaged, 
always damaged, without hope of regeneration. Reports published in the New England 
Journal of Medicine indicate this may not be the case (Beltrami et al. 2001).  

Researchers looked at heart muscle cells from the hearts of 13 deceased patients, 4-12 
days after their heart attack. These findings were compared to the hearts of 10 patients 
who had not died of cardiovascular disease. Samples of heart tissue were taken from the 
area near the site of the heart attack and from a site more distant from the damage. 
Scientists found that the number of myocytes multiplying in diseased hearts was 70 
times higher in the border zone and 24 times higher in the remote area. The presence 
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of cell division in the nondiseased portion of the heart suggests a continuous turnover of 
cells during the lifespan of the organism. It is now thought that cardiac muscle cells 
can reproduce, advancing the premise that this process may be a component of the 
growth reserve of the human heart. The ramifications of this research allow for the 
prospect of replacing damaged myocardium by stimulating the heart's own repair 
capacity.  

8.7       42 Obesity 
 
8.7.1      42.8 Obstructive Sleep Apnea 

Sleep apneas (obstructive or central) are one of the most commonly encountered 
respiratory disorders in humans. Epidemiologic, retrospective, and cross-sectional 
studies on sleep apnea patients have identified strong associations between apneas and 
serious cardiovascular disturbances. For example, there is a strong linkage between 
the development of hypertension and the severity of sleep apneas (number of apneas 
or near apneas/hour) (Nieto FJ, Young TB, Lind BK, Shahar E, Samet JM, Redline S, 
D'Agostino RB, Newman AB, Lebowitz MD, Pickering TG. Association of sleep-
disordered breathing, sleep apnea, and hypertension in a large community-based study. 
Sleep Heart Health Study. JAMA 2000; 283: 1829-1836). Sleep apnea patients are also 
prone to myocardial infarctions, pulmonary hypertension, and stroke (Cherniack NS. New 
mechanisms for the cardiovascular effects of sleep apnea. Am J Med 2000; 109: 592-
594). In a large population of patients (Sleep Heart Health study), sleep-disordered 
breathing is more strongly associated with heart failure and stroke than coronary 
heart disease. Treatment with continuous positive airway pressure reverses hypertension 
in sleep apnea patients.  

The major difference between intermittent and continuous hypoxia is the episodic re-
oxygenation in the intermittent hypoxia.  In this respect, intermittent hypoxia seems to 
resemble ischemia-reperfusion. Several lines of evidence suggest that ischemia-
reperfusion represents an oxidative stress, causing increased generation of reactive 
oxygen species, especially superoxide anions (O2

· ). Therefore, possibly, the 
cardiorespiratory alterations evoked by intermittent hypoxia are likely due to increased 
generation of O2

· . Such a possibility is supported by the finding that administration of 
manganese (III) tetrakis (1-methyl-4-pyridyl) porphyrin pentachloride (5 mg/kg/day 
in animal studies; 50 µM in cell studies), a potent scavenger of O2

· , prevented 
intermittent hypoxia-evoked changes in the cardiorespiratory system as well as gene 
expression.  

It has been proposed that intermittent hypoxia, such as that seen in sleep apneas, 
represents a form of oxidative stress leading to increased generation of reactive 
oxygen species. I would certainly subscribe to this notion with normal sleep.  

Such an idea seems to be supported by a recent study by Shultz and coworkers (Schultz 
R, Mahmoudi S, Hattar K, Sibelius U, Olschewski H, Mayer K, Seeger W, Grimminger 
F. Enhanced release of superoxide from polymorphonuclear neutrophils in obstructive 
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sleep apnea. Am J Respir Crit Care Med 2000; 162: 566-570), who reported increased 
O2

·  generation from neutrophils in patients with obstructive sleep apnea, and 
treatment with continuous positive airway pressure led to rapid decrease in O2

·  
generation. Circulating nitric oxide levels, measured by serum nitrite/nitrate, are 
decreased in patients with sleep apnea and the levels were restored after treatment with 
continuous positive airway pressure. These studies suggest that intermittent hypoxia 
represents a form of oxidative stress. However, the association between increased 
generation of reactive oxygen species and pathogenesis in patients with sleep apnea has 
not been explored.  I believe that sleep seems to require hypoxia, with increased 
EMODs production, such that it can generate EMODs for purposes of cleansing, 
repair, and rejuvenation. 

Dyugovskaya and colleagues examined generation of reactive oxygen species and 
adhesion molecule expression in neutrophils from patients with sleep apnea 
(Dyugovskaya L, Lavie P, Lavie L. Increased adhesion molecules expression and 
production of reactive oxygen species in leukocytes of sleep apnea patients. Am J Respir 
Crit Care Med 2002; 165: 934-939). Their results showed increased expression of CD15 
and CD11c in monocytes from the patients, which were correlated with increased 
intracellular production of reactive oxygen species. Furthermore, alterations in adhesion 
molecule expression and levels of reactive oxygen species were associated with 
increased adherence of monocytes to human endothelial cells in cell cultures. 
Treatment with continuous positive airway pressure down-regulated the adhesion 
molecule expression and decreased basal production of reactive oxygen species in CD11c 
monocytes. Because increased expression of adhesion molecules contributes to 
atherogenesis, the findings of Dyugovskaya and associates are important in that they 
could possibly link the oxidative stress caused by recurrent apneas to the pathogenesis of 
the vascular disease.  I do not believe that this is the case.  In fact, I believe that the 
increased EMODs are necessary to keep plaques from aggregating. 

Several mechanisms contribute to endogenous generation of EMODs.  For instance, 
NADPH oxidases produce O2

·  via protein kinase C (PKC)-dependent mechanism.  
Dyugovskaya and colleagues suggest that increased generation of reactive oxygen species 
involves PKC-dependent NADPH oxidase activation because they observed a marked 
enhancement of O2

·  generation with phorbol ester, a potent activator of PKC. 
However, it remains to be determined whether increased reactive oxygen species in 
patients with obstructive sleep apnea is due to upregulation of NADPH-oxidases and/or 
PKC-dependent phosphorylation. EMODs could also be generated when 
mitochondrial oxidative metabolism is perturbed at the level of complexes I or III. 

In short, the relation of EMODs generation to sleep apnea and cardiovascular 
diseases is speculative, but it could be serving to give us a clue regarding the true 
nature of the need for sleep and the hypoxia associated with it. 

8.7.2      42.9 Cancer 
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8.7.3 Obesity, Cancer and Diabetes 
 
If current trends continue, 40% of the US population will be classified as obese in 2010 
and well over 60% will be overweight (Schottenfeld, D., and Beebe-Dimmer, J.L. 
Advances in cancer epidemiology:  understanding causal mechanisms and the evidence 
for implementing interventions.  Annu Rev Public Health.  In press).  In the United 
States, diabetes  is closely linked to obesity, and the proportion of individuals with 
diabetes who meet the definitions of overweight and obese is higher than in the general 
population(79% and 46%, respectively) (Prevalence of overweight and obesity among 
adults with diagnosed diabetes---United States, 1988-1994 and 1999-2002.  MMWR 
Morb Mortal Wkly rep. 2004; 53: 1066-1068). 
 
The prevalence of diabetes mellitus has increased substantially over the past several 
decades, in part because of the growing epidemic of obesity (Gregg, E.W., Cadwell, B.L. 
et al.  Trends in the prevalence and ratio of diagnosed and undiagnosed diabetes 
according to obesity levels in the US.  Diabetes Care.  2004;27:2896-2812).  
 
I believe that it is possible that the current US epidemics of cancer, diabetes, obesity 
and fatigue may be related to increased ingestion of vitamins and dietary 
supplements.  These agents are now commonly found as supplements or fortifiers of 
many foods and are aggressively marketed to an ever-growing segment of the 
population.  These agents could be interfering with our prooxidant protective 
system. 
 
About 8% of the US population has diabetes, with more than 90% of cases classified 
as type II diabetes, and with insulin resistance as the major underlying pathophysiology.  
Diabetic management has focused on reducing end-organ complications, including 
retinopathy, neuropathy, nephropathy, and microvascular disease.  Studies have shown 
an association between diabetes and several common cancers, including pancreas 
and colon cancer (Jee, S.H., Ohrr, H., Sull, J.W., Yun, J.E. and Samet, J.M.  Fasting 
serum glucose level and cancer risk in Korean men and women.  JAMA. 2005;293:194-
202).  The main finding of the Jee study, involving 1.3 million Koreans, was that 
elevated fasting serum glucose levels were associated with a 27% increase in cancer 
mortality among men and a 31% increase among women.  A dose-response trend was 
evident, with higher fasting glucose levels associated with higher cancer mortality 
rates.  Cancer incidence followed the same pattern (Cooney, K.A. and Gruber, S.B. 
Hyperglycemia, obesity and cancer risks on the horizon.  JAMA.  2005;293:235-236).    
 
Considerable epidemiological data supports the association between obesity and 
various types of malignancies, including postmenopausal breast cancer and cancers 
of the colon, pancreas, endometrium, esophagus (adenocarcinoma), kidney, 
gallbladder and gastric cardia (Caslle, E.E., Kaaks, R.  Overweight, obesity and 
cancer:  epidemiological evidence and proposed mechanisms.  Nat Rev Cancer.  
2004;4:579-591).  Again, this illustrates my principle that “one good free radical 
deficiency disease deserves another.”  Many of these diseases appear to be 
interdigitated.  It is rare for any of these diseases to occur in a patient as a single 
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disease entity and not be associated with other diseases of this EMOD deficiency 
group. 
 
The link between cancer and obesity may be mediated by insulin resistance and 
hyperinsulinemia but several complex physiological changes also result from obesity, 
including alterations in sex steroid levels of bioavailable estrogen due to enhanced 
biosynthesis in adipocytes and reduced sex hormone-binding globulin levels.  Obesity is 
biochemically complex and although many factors may be involved, a deficiency state of 
EMODs may be contributory.  
 
Being obese more than doubles the risk of a type of leukemia, acute myelogenous 
leukemia (AML), in older women according to a report in the Nov. 2004 issue of 
Cancer Epidemiology, Biomarkers and Prevention.  The findings were based on data 
from more that 40,000 women in the Iowa Women’s Health Study.  However, weight had 
little influence on the risk of chronic lymphocytic leukemia.  These researchers had no 
explanation of this data.  I believe that it is due to the decrease in the immune system 
which is seen in obesity and to the presence of double bonded fats, which serve as 
traps for EMODs.  It seems obvious that all of these factors are interrelated.  We 
must also keep in mind that obesity is like a chronic inflammation of the fat cells 
and these areas have lower levels of oxygen and consequently lower levels of 
EMODs. 
 
This study investigated the alterations in lipid peroxidation and antioxidant enzyme 
defenses in the blood of patients with malignant breast tumor and benign breast 
disease (Polat MF, Taysi S, Gul M, Cikman O, Yilmaz I, Bakan E, Erdogan F. 
Oxidant/antioxidant status in blood of patients with malignant breast tumor and benign 
breast disease. Cell Biochem Funct. 2002 Dec;20(4):327-31).  Forty patients with 
malignant breast tumor, 20 patients with benign breast disease and also 20 healthy control 
subjects were studied. Malondialdehyde levels in plasma and erythrocytes, and the 
activities of erythrocyte CuZn-superoxide dismutase, catalase, glutathione peroxidase and 
glucose-6-phosphate dehydrogenase were measured. Malondialdehyde levels were 
higher in patients with both benign breast disease and malignant breast tumor 
compared with control subjects. The activities of all antioxidant enzymes were higher 
in the blood of patients with malignant breast tumor, while only glutathione 
peroxidase and CuZn-superoxide dismutase activities were higher in patients with benign 
breast disease. Except for glucose-6-phosphate dehydrogenase, the antioxidant enzymes 
studied correlated positively with the malondialdehyde levels in patients with malignant 
breast tumor. On the other hand, only glucose-6-phosphate dehydrogenase activity was 
increased by the level of malignancy. The activity increases in erythrocyte antioxidant 
enzymes may be an indication of lower levels or deficiency levels of EMODs especially 
in patients with malignant breast tumor.  
 
8.7.4 Twins and Diabetes 

Many doctors have observed that diabetes seems to be more prevalent in certain 
families than others, so they have concluded that the tendency to develop the disease 

Page 701 of 931 



is an inherited trait. Support for this theory is found in studies of twins who originate 
from a single, fertilized egg cell (identical or monozygotic twins). Identical twins have 
identical genes, so they should also have the same susceptibility to hereditary diseases; 
whereas fraternal twins (which originate from two separate, fertilized eggs or dizygotic 
twins) have no greater similarity in their heredity than brothers or sisters born at different 
times. A study revealed that 70% of the identical twins of known diabetics were 
diabetic. The fact that fewer than 100% of the identical twins of diabetics had the disease 
showed that environmental factors also played a role in its development.  
 

 

Type I diabetes is characterized by the functional absence of insulin resulting from 
the selective destruction of pancreatic β-cells. Patients are dependent on exogenous 
insulin for survival: to prevent ketoacidosis, coma and death. Approximately 85% to 
90% of patients with type 1 diabetes have circulating islet cell autoantibodies and/or 
anti-insulin antibodies, and antibodies to glutamic acid decarboxylase (GAD), which act 
as markers of immune-mediated β-cell destruction. T-cells are also implicated in the 
immune erosion of β-cell mass.  In cases where there is no evidence of autoimmunity, but 
permanent insulinopenia and a tendency to ketoacidosis, the condition is known as 
idiopathic type 1 diabetes. This disease has no known etiology. 

Another study showed that about 25% of the nontwin brothers and sisters of diabetics 
might be expected to develop either the insulin-requiring form or the milder adult-onset 
form sometime in their lifetime. The strong evidence for hereditary susceptibility to 
diabetes leads many health professionals to believe that for diabetes-prone families, the 
potential to become diabetic is present in all members at the time of their birth. 
Whether or not they develop clinical signs of the disease depends upon their exposure to 
factors which may precipitate or aggravate the disease. If this concept is correct, then 
heredity is the single most important cause of diabetes. This fits in beautifully with my 
“re-thinking” of diseases.   

I believe that diabetes may be analogous to cancer, arthritis and heart disease in 
that it is potentially always present and will manifest itself if redox circumstances 
“allow” it to do so.  This does not discount the contribution of genetics or 
environmental or developmental factors in the etiology of diabetes. 

8.7.5 Twins and Type I Diabetes 

8.7.6 β-cell destruction 

Susceptibility to type 1 diabetes has a genetic component, as shown in a twin study 
that found a 41.5% incidence of type 1 autoantibody expression in monozygotic twins 
compared with a 20% incidence in dizygotic twins and a 10.7% incidence in non-twin 
siblings. Specific genetic markers indicating a predisposition to type 1 diabetes, the 
HLA-DQs, have been identified. More than 90% of people who develop type 1 
diabetes have these particular sets of alleles, compared with fewer than 40% of 
normal controls. 
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8.7.7 Viruses 

Although many viruses, including mumps, have been linked to the onset of clinical 
diabetes, only rubella has a conclusively defined etiological role. Compelling evidence 
implicates the rubella virus as a causative factor in diabetes and it seems likely that 
congenital rubella can induce type 1 diabetes.  

 

 

Viruses have long been considered potential causal agents for type 1 diabetes. It is 
thought that they may precipitate the condition by triggering the immune system of a 
genetically susceptible individual to develop an autoimmune response, attacking altered 
pancreatic β-cells or molecules in β-cells that resemble viral proteins. 

New evidence also strongly implicates the enteroviruses, such as Coxsackie A and B, 
and the echoviruses as being a major trigger for Type 1 diabetes in the young. 
Enterovirus infection accompanies or precedes the onset of diabetes in many children and 
infection during pregnancy has been suggested to cause diabetes. The seasonality of type 
1 diabetes has been interpreted as coinciding with the time of enterovirus infection. 
Processes by which enterovirus infection precipitate type 1 diabetes are not fully 
elucidated but seem linked to induction of islet-cell autoantibodies, as well as the 
expression of the inflammatory cytokine interferon α. These events are connected to islet 
cell destruction. 

In general, it seems likely that the pathogenesis of type 1 diabetes is a result of 
interplay between various factors, including genetic susceptibility and diffuse 
environmental elements.  

Two twin studies of type 1 diabetes have reached opposite conclusions. In one, a 
population based cohort of Danish twins in whom one or both cotwins had type 1 diabetes 
was studied for the presence of islet autoantibodies (Petersen JS, Kyvik KO, Bingley 
PJ, Gale EAM, Green A, Dyrberg T, et al. Population based study of prevalence of islet 
cell autoantibodies in monozygotic and dizygotic Danish twin pairs with insulin-
dependent diabetes. BMJ 1997; 314: 1575-1579).  

High rates of autoantibody positivity were identified in twins with and without diabetes. 
Since positivity did not differ between the monozygotic and dizygotic twins it was 
suggested that a shared intrauterine or early postnatal environment might be more 
important than genetic factors. The second study found that the prevalence of islet 
autoantibodies was lower in initially unaffected dizygotic twins than monozygotic twins 
and did not differ from that found in unaffected non-twin siblings.  

Reanalysis of the Danish cohort still shows no difference in the prevalence of islet 
autoantibodies between monozygotic and dizygotic twins, but the prevalence in both 
groups is much lower than that reported previously. Other differences, such as the 

contrast between autoantibody positivity in the monozygotic twin groups, can be 
attributed to study design and sampling procedures. Reanalysis of the Danish cohort does 
not exclude the shared uterine environment hypothesis, but the observation from the 
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American study that discordant twins are no more likely than singleton infants to 
carry islet autoantibodies favors the genetic view. 
 
8.7.8 Twins and Type II Diabetes 
 
To determine the concordance rate for Type II (non-insulin-dependent) diabetes mellitus 
in monozygotic twin pairs, initially ascertained discordant for diabetes, a prospective 
study on 44 non-diabetic subjects, each of whom had a sibling twin with diabetes (21 
men, 23 women, median age 55 years, interquartile range 47-65) was performed. The 
subjects were referred as discordant for Type II diabetes. The twin pairs were part of the 
British Diabetic Twin Study and ascertained between May 1968 and January 1998.  
 
The observed rates of concordance for Type II diabetes at 1, 5, 10, and 15 years follow-
up were 17, 33, 57, and 76%, respectively. The concordance rate for any abnormality of 
glucose metabolism (either Type II diabetes or impaired glucose tolerance) at 15 years 
follow-up was 96%. The concordance rate for Type II diabetes in monozygotic twins 
is very high even in twins initially ascertained discordant for diabetes (Medici F, 
Hawa M, Ianari A, Pyke DA, Leslie RD. Concordance rate for type II diabetes mellitus in 
monozygotic twins: actuarial analysis. Diabetologia. 1999 Feb;42(2):146-50). 
 
8.7.9 Racial Differences 

There is a long list of health disparities between differing racial groups.  For 
example, compared with whites, blacks are 30% more likely to die of heart disease 
at any given age and 40% more likely to die of a stroke.  Overall, blacks have an 
average life expectancy that is 5 years shorter than that of whites.   

A controversial new drug for heart failure may be approved specifically for African-
Americans.  The proponents for this argue that research embracing racial differences in 
biology could lead to safer new treatments.  Race-based medicine could be a stepping 
stone to the higher goal of “targeted treatment,” said an FDA spokesperson.  Others 
emphasize the incomplete correlation between genes of medical importance and labels of 
race or ethnicity (Sci News: 4/9/05, p. 232). 

Today, among 45-64 year olds, blacks are nearly twice as likely as whites to have heart 
failure and are 2.5 times as likely to die from it.  Several studies have suggested that 
active nitric oxide (NO) tends to be less abundant in blacks than in whites.  That 
could explain why heart failure is a more serious disease among blacks. 

A patient’s racial and ethnic group is already an important consideration for doctors 
prescribing certain treatments.  At least 29 medications have varying effects in different 
racial or ethnic populations, says biologist David b. Goldstein of the University college of 
London in Nov. 2002 Nature Genetics.  Drugs range from antipsychotics to cancer-
chemotherapy drugs.  They say, “Many differences in drug response associated with race 
or ethnicity are due to environmental factors such as diet rather than population genetic 
differences. 
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Genetic traits do appear to underlie some differences in disease susceptibility and 
response to therapies.  Researchers have found that because of differences in enzyme 
activity, people of Asian descent metabolize cholesterol lowering statin drugs more 
slowly than other people do.  As a result, some studies suggest, Asians are more 
susceptible to side effects at a given dose of statins.  FDA recently advised physicians not 
to administer the highest allowed dose of rosuvastatin (Crestor) to people of Asian 
ancestry.   

Researchers at Vanderbilt noticed several years ago an overall difference between the 
reactions of groups of white and black patients to the anti-HIV drug, efavirenz.  That 
agent was considerably more likely to cause side effects in blacks that in whites.  
Instead of simply recommending a lower dose of the drug for the black patient, the 
researchers identified a single genetic variant, which is 7 times more common in blacks 
that in which and it slows the metabolism of efavirenz.  That accounts for the different 
risks of side effect in the two groups (Sci News: 2/21/04, p. 117). 

8.7.10 Race and Cancer 

Researchers have long known that breast cancer affects African-American women 
differently than white women. Black women are less likely to get the disease, but 
more likely to die from it if they do. Black women also get the disease at younger 
ages than white women do.  Social factors like poverty and access to care are certainly a 
large part of the problem and a growing body of research suggests biological factors may 
also be at work. 

A recent study led by Rowan Chlebowski, MD, PhD, of Harbor-UCLA Medical Center, 
found that breast cancer differences between white and black women persisted even 
after accounting for numerous risk factors that could influence the development of the 
disease, like age, body weight, family history of breast cancer, and whether the women 
got mammograms. The findings were published in the Journal of the National Cancer 
Institute (Vol. 97, No. 6:439-448, 2005). 

Researchers studied more than 156,000 postmenopausal women in the Women's Health 
Initiative, a large study of lifestyle factors and disease.  They compared breast cancer 
occurrence rates and deaths among American women of various ethnic groups, including 
white, African American, Hispanic, American Indian/Alaska Native, and Asian/Pacific 
Islander. They also looked at the differences in risk factors among the ethnic groups. 

Women in all the minority groups were less likely to develop breast cancer than 
white women.  For all groups except African Americans, those differences could be 
explained by differences in breast cancer risk factors. For instance, minority women were 
less likely to drink alcohol than white women, and less likely to use hormone therapy; 
both alcohol use and hormone therapy are known to raise a woman's risk of breast cancer. 

8.7.11 More Aggressive Tumors in African Americans 
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African-American women were much more likely to be obese than white women (obesity 
raises the risk of breast cancer after menopause), and they got fewer mammograms 
than white women. But even these differences couldn't fully explain why African-
American women had higher death rates from breast cancer, despite having a lower 
incidence of the disease.  The different obesity rates might account for some of this gap, 
Chlebowski and his colleagues wrote, but not all of it. 

Researchers studied tumor characteristics and found that black women were more likely 
than women of all other races to have high-grade (aggressive) tumors, and tumors 
without estrogen receptors (ER-negative). Those characteristics make a tumor more 
difficult to treat. The differences between black and white women in this regard were 
especially great. "It remains to be determined whether differences in unidentified 
environmental exposures, genetic makeup, or other factors lead to the higher frequency of 
high-grade, ER-negative cancers in African Americans," they wrote. 

8.7.12 Evidence for Genetic Differences 

There is some evidence to suggest genetic differences may play a role. Chlebowski and 
colleagues noted that breast tumors from African-American women are more likely than 
tumors from white women to have a particular gene, BP1, that is associated with 
aggressive breast cancer and ER-negative status. 

Another study, published in the journal Cancer (Vol. 103, No. 8: 1540-1550, 2005), 
found similarities between breast cancer in African-American women and in black 
women from sub-Saharan Africa. Like black women in the US, black women in Africa 
have a relatively low incidence of breast cancer, but high death rates from the disease and 
are also more likely to develop breast cancer at younger ages, and to have advanced 
tumors. 

To a large degree, the advanced stage and poor outlook for African breast cancer patients 
can be explained by poverty; African women have limited access to screening and are 
often unable to get timely, high-quality care.  But researchers Alero Fregene, MD, and 
Lisa Newman, MD, PhD, of the University of Michigan Comprehensive Cancer Center, 
noted that there may also be genetic similarities between African and African-
American women, since many African Americans are descended from African 
slaves brought to the US centuries ago.  Some of these genetic factors may increase the 
risk of breast cancer, or make black women more likely to develop high-grade, hormone-
receptor negative tumors.  

8.7.13 Differences in BRCA1 and BRCA2 

African-American families also tend to have different mutations in the BRCA1 and 
BRCA2 genes than families of other races. These gene mutations make women more 
susceptible to breast and ovarian cancer.  Genetic testing, which is available to women 
with a family history of either disease, can reveal whether a women carries a BRCA 
mutation. If she does, she can take steps to lower her risk of developing one of these 
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cancers, such as taking tamoxifen, getting more frequent mammograms, or having her 
breasts or ovaries removed before disease can strike them. 

Yet African-American women are much less likely to get tested for BRCA mutations 
than white women, researchers from the University of Pennsylvania reported in the 
Journal of the American Medical Association (Vol. 293, No. 14: 1729-1736, 2005).  

Estradiol falls by 90% and Estrone falls by 60%. Even though all forms of estrogen are 
lower, estrone now predominates. Progesterone falls by 60% and Testosterone falls by 
only 20% (it continues to be produced by the ovaries). Estrogen Deficiency in 
Menopause is associated with: Atrophic vaginitis, urinary tract infections, skin aging; 
Elevations of cholesterol (CAD risk); Cognitive impairment (Alzheimer’s risk); and 
Increased bone resorption (Osteoporosis risk). 

There is a major difference between saying that hormone deficiency slows cancer 
growth and jumping to the conclusion that normal hormone levels cause cancer. 
Normal hormone levels are essential for health and well being. All cells in the body 
require hormones for support, not just cancer cells. 

The researchers speculated that distrust of the health care system, fear of discrimination 
based on the test results, and differences in doctors' attitudes toward testing may be at 
least partly to blame (though they didn't measure these factors in this study). 

8.8       43.9 Hormones 

People with normal hormone levels have more cancer than people who are deficient.  
This line of reasoning applies to testosterone, estrogen, growth hormone, DHEA, and 
other hormones. It's nothing new. A long-accepted therapy for prostate cancer is 
castration (or the chemical equivalent with Lupron). An effective treatment for breast 
cancer is chemical blockage of estrogen with Tamoxifen (female chemical 
castration). Menopause is the equivalent of castration for a woman—the ovaries 
cease to function.  

Testosterone levels affect: sexual function; emotional well-being; muscle mass and 
strength; cardiovascular health; bone integrity; and cognitive ability for both men and 
women. 

Hormone deficiency retards the growth and replacement of all cells, not just cancer 
cells. Cancer is as dependent on hormones as healthy organs. If you choose to live in a 
deficiency state, you may also reduce the probability for cancer—but you pay the price of 
a significantly lower quality of life. That is a matter of personal choice. Deficiencies of 
many hormones occur with advancing age. Old age is, to some extent, a deficiency 
disease. Consider also, the hormone deficiency weakens the immune system, a major 
defense against cancer.  Further, I believe that old age is a deficiency state of EMODs.   
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Hormone production declines with age. If sex hormones are low, the sex organs shrivel 
up, they atrophy; they have fewer cells and those cells are starved for the hormones 
needed for cell replacement, repair, healing, function, and vigor. That condition is a 
deficiency disease, an age-related decline in function. That same deficiency can reduce 
the likelihood of cancer. In fact, it would be surprising if it did not. Cancer cannot occur 
without hormones. Neither can life or health. 

A study of 20,000 children who received growth hormone for many years to treat 
dwarfism showed no increase in cancer. It is expected, however, that deficiency with 
age retards cancer compared with healthier people. 

If growth hormone is deficient, organs atrophy. Function declines. Skin becomes thinner. 
Muscles waste away. Healing slows. Fat increases. Memory fails. Organs are starved for 
a vital substance needed for metabolism and normal cell replacement throughout life. 
Hence, the decay of old age. Growth hormone should be renamed "cell replacement and 
repair hormone" in adult life. Cancer is a process of uncontrolled cell replacement and 
is highly dependent on growth hormone, as reflected by blood levels of IGF-1.  

The most effective treatment for advanced prostate cancer is castration—or the 
chemical equivalent with testosterone blockers. The prostate is highly dependent on 
testosterone. Even when prostate cancer is far advanced and has spread to bones, 
castration will often bring a near total remission lasting several years. Testosterone 
deficiency definitely retards prostate cancer. A man might therefore elect to live with 
testosterone deficiency to reduce his chances for prostate cancer. That does not mean that 
testosterone at normal levels causes cancer. Testosterone deficiency is not acceptable to 
most men, if they have a choice. The same could be said about growth hormone. 

A slow, progressive equivalent of "castration" occurs with aging as sex hormones 
decline.  

8.8.1 Androgens in the Regulation of Redox State in the Prostate 
 
Little is known about the roles of androgens in the regulation of redox state in the 
prostate, a cellular process believed to profoundly influence normal and aberrant prostate 
functions. Researchers have demonstrated that castration induced discrete oxidative 
stress (OS) in the acinar epithelium of rat ventral prostate (VP). Testosterone 
replacement partially reduced OS in VP epithelia of castrates, but the level remained 
higher than in intact rats.  
 
Quantification of steady-state mRNA levels of 14 genes involved in the anabolism and 
catabolism of reactive oxygen species (EMODs) showed that castration resulted in: 
  
-dramatic increases of three EMOD-generating NAD(P)H oxidases (Noxs) including 
Nox1, gp91(phox), and Nox4, 
  
-significant reductions of key EMOD-detoxifying enzymes (superoxide dismutase 2, 
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glutathione peroxidase 1, thioredoxin, and peroxiredoxin 5), 
  
-and unchanged levels of catalase, glutathione reductase, gamma-glutamyl 
transpeptidase, and glutathione synthetase.  
 
Testosterone replacement in castrated rats partially reduced expression of Noxs but 
restored expression of superoxide dismutase 2, glutathione peroxidase 1, thioredoxin, and 
peroxiredoxin 5 to complete normalcy and induced a compensatory increase in 
expression of catalase, glutathione reductase, gamma-glutamyl transpeptidase, and 
glutathione synthetase in the regenerating VP. Expression of superoxide dismutase 1, 
glutathione S-transferase-pi, and glucose-6-phosphate dehydrogenase was unaffected by 
castration and testosterone replacement.  
 
These findings indicate androgen-deprivation induces OS in the rat VP through 
elevation of EMODs anabolism and diminution of antioxidant detoxification. Androgen 
replacement partially reduces OS in rat VP to precastration levels. Expression of Noxs 
remained high amid a broad-based recovery of antioxidant defense mechanism(s). These 
data might have implications on the use of androgen blockade for prostate cancer 
prevention and androgen therapy for andropause treatment in elderly men (Tam NN, Gao 
Y, Leung YK, Ho SM. Androgenic regulation of oxidative stress in the rat prostate: 
involvement of NAD(P)H oxidases and antioxidant defense machinery during prostatic 
involution and regrowth. Am J Pathol. 2003 Dec;163(6):2513-22).  I believe that this 
data supports my UTOPIA theory, in that it shows that testosterone deficiency, 
through castration, increases EMODs and this is the best treatment for prostate 
cancer, which has resulted in cases of long term total remission of the cancer. 
Administration of testosterone to the castrated group resulted in decreases in 
EMODs, which would “allow” for continued growth of prostate cancer.  
Additionally, antioxidant enzymes are restored by testosterone administration, 
which would result in a further deficiency state of EMODs and a more favorable 
environment for cancer survival and growth. 
Remember, people with normal hormone levels have more cancer than people who 
are deficient.  The most effective treatment for advanced prostate cancer is 
castration—or the chemical equivalent with testosterone blockers. The prostate is 
highly dependent on testosterone. Even when prostate cancer is far advanced and has 
spread to bones, castration will often bring a near total remission lasting several 
years.  I believe that this hormone data is strong support for my Unified Theory. 
 
8.9      45 DNA Damage by Iron/Hydrogen Peroxide 
 
Experiments to determine artemisinin’s anti-malarial mechanism of action led to tests as 
an anti-cancer drug.  The key turned out to be a shared characteristic of the malaria 
parasite and dividing cancer cells:  high iron concentrations.  When artemisinin, or any of 
its derivatives, comes into contact with iron, a chemical reaction ensues, spawning free 
radicals, which attack and bind with cell membranes, breaking them apart and killing the 
single-cell parasite.  Cancer cells have much higher levels of iron than do normal 
cells.  The surface of cancer cells has 5-15 times more transferrin receptors than 
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healthy cells.  Henry Lai, from the University of Washington, increased the iron-
holotransferrin-transferrin levels of breast cancer cells and treated them with artemisinin 
and found a dramatic effect, esp. in breast cancer cells that were resistant to radiation.   
 
8.9.1 Basic Iron Metabolism 
 
Some of the following material was excerpted, abstracted or modified from:  The Merck 
Manual of Diagnosis and Therapy.  Section 11. Hematology and Oncology.  Chapter 127. 
Anemias). 

Iron (Fe) is distributed in active metabolic and storage pools. Total body Fe is about 3.5 g 
in healthy adult men and 2.5 g in women; the difference relates to body size and the 
common absence of a significant storage pool in women. The approximate content in 
the active pool of an average man is Hb, 2100 mg; myoglobin, 200 mg; tissue (heme and 
nonheme) enzymes, 150 mg; and transport-Fe compartment, 3 mg. Fe is stored in tissue 
cells as ferritin (700 mg) and hemosiderin (300 mg). 

Of about 10 mg/day of dietary Fe, adults absorb only 1 mg, which essentially equals that 
lost daily by cell desquamation from skin and intestine. In Fe depletion, absorption 
increases but rarely to > 6 mg of Fe unless supplemental Fe is added. Children have a 
greater need for Fe and appear to be in positive Fe balance to cover this need.  Thus, 
according to the Free Radi-Crap theory, children should have an increased rate of 
all of the diseases caused by the “Fenton reaction” and generation of the dastardly 
hydroxyl radical….but they do not.  As we all know, children have a lower rate of 
onset of diseases. 

The average American diet, which contains 6 mg of Fe/kcal of food, is adequate for Fe 
homeostasis. However, significant variation in bioavailability of dietary Fe markedly 
alters absorption. Fe absorption is best when food contains heme Fe (meat). Various 
other food items (e.g., vegetable fiber phytates and polyphenols; tea tannates, 
including phosphoproteins; bran) reduce nonheme Fe absorption. Thus, many food-
food interactions reduce bioavailability. Ascorbic acid is the only common food 
element known to increase nonheme Fe bioavailability. 

Also, iron deficiency has a high correlation to colon cancer in the elderly.  Again, I 
believe that this is contrary to the predictions of the Free Radi-Crap theory because 
these patients would theoretically be generating fewer hydroxyl radicals via the 
Fenton reaction and should have fewer cancers, not more. 

Among men and postmenopausal women, gastrointestinal malignancy is more 
common in those with iron deficiency than in persons with normal iron serum 
saturations and hemoglobin levels (Ioannu, GN, et al. Iron deficiency and 
gastrointestinal malignancy: a population based cohort study. Am J Med 2002, 
Sept.:113(4):276-280).  Thus, beware of adult men and postmenopausal women with iron 
deficiency anemia. 
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Although Fe absorption occurs in the duodenum and upper jejunum, it is affected by 
other GI activities. Dietary nonheme Fe is reduced to the ferrous state and released from 
food binders by gastric secretions. The actual absorption mechanisms for Fe are not clear. 
Nevertheless, regulation of absorption is in some important manner mediated by the 
intestinal mucosal cell. 

Fe from the intestinal mucosal cell is transferred to transferrin, which is an Fe-transport 
protein with two Fe-binding sites synthesized in the liver; this system can grasp Fe from 
cells (intestinal, macrophages) and deliver it to specific receptors on erythroblasts, 
placental cells, and liver cells. Transferrin binds to specific membrane receptors in 
erythroblasts, the transferrin-Fe complex enters the RBC precursor by endocytosis, and 
the Fe is transferred to the mitochondria, which insert the Fe into protoporphyrin 
for it to become heme. Transferrin (plasma half-life, 8 days) is extruded for 
reutilization. 

Because Fe absorption is so limited, the body has a highly conserving mechanism to 
handle its daily requirements. Aging RBCs undergo phagocytosis by mononuclear 
phagocytes. Prompt digestion results in available Fe that is grasped by transferrin for 
reutilization. This system of Fe reutilization is so efficient that about 97% of the daily 
Fe needs (about 25 mg of Fe) are met from this storage pool; another 1 mg is derived 
from intestinal absorption. 

Some symptoms are specific to Fe deficiency. Fatigue and loss of stamina can occur 
through a separate effect on the tissues (perhaps cellular enzyme dysfunction related to 
Fe-containing enzymes). 

Fe not used for erythropoiesis is transferred by transferrin to the storage pool, which has 
two forms. The most important is ferritin (a heterogeneous family of proteins formed 
around an Fe core), which is a soluble and active storage fraction found in liver (in 
hepatocytes), bone marrow, and spleen (in macrophages); in RBCs; and in serum. The 
tissue-ferritin pool is very labile and readily available for any body requirement for Fe. 
Circulating (serum) ferritin appears to originate in the mononuclear phagocyte 
(reticuloendothelial) system, and its circulating concentration parallels the size of the 
body stores (1 ng/mL equals 8 mg of Fe in the storage pool). The second storage pool of 
Fe is in hemosiderin, which is relatively insoluble and stored primarily in the liver 
(in Kupffer cells) and in the marrow (in macrophages).  Thus, I ask, “why would the 
body store iron in a cell which is capable of being activated to produce huge 
amounts of EMODs, unless it is to assist in EMOD generation of macrophages?” 

Adolescent girls may become Fe deficient from inadequate dietary Fe, increased growth 
requirements, and menstruation. The growth spurt in adolescent boys may significantly 
increase the demand for Fe, resulting in Fe-deficient erythropoiesis.  Because Fe is 
poorly absorbed, most people barely meet the daily requirement. Additional loss by 
menstruation (mean, 0.5 mg/day), pregnancy (0.5 to 0.8 mg/day), lactation (0.4 mg/day), 
and blood loss (from disease, accident, or phlebotomy) readily leads to Fe deficiency, 
which occurs in stages, culminating in depletion. 
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Worldwide, anemia of chronic disease is the second most common form of anemia.  
This type of anemia was thought to occur as part of a chronic disorder in which 
infections, inflammatory disease (especially RA), and cancer are most often identified; 
however, the underlying disease need not be chronic because the pathophysiologic 
features transiently appear during virtually any infection or inflammation. Three 
pathophysiologic mechanisms have been identified: (1) Slightly shortened RBC survival 
(within the compensatory production potential for a normal marrow) has been 
demonstrated in patients with cancer and chronic infectious granulomatous disease. The 
exact mechanism for this extracorpuscular RBC injury is not known, although recently a 
50,000-kD protein has been found in some cancer patients. (2) EPO production and 
marrow responsiveness are decreased, resulting in deficient erythropoiesis. Macrophage-
derived cytokines (e.g., interleukin-1 , tumor necrosis factor- , interferon- )--found 
in patients with infections, inflammatory states, and cancer--cause this decreased 
EPO production. (3) Intracellular Fe metabolism is impaired. Efficient recycling of Fe 
derived from senescent RBCs is critical for Fe balance. In chronic disease, reticulum 
cells tenaciously retain Fe from senescent RBCs, making Fe unavailable for Hb synthesis 
by the erythron. 
 

 

 

 

 

 

 

About 1/2 of the cases of true aplastic anemia (most common in adolescents and young 
adults) are idiopathic. Recognized causes are chemicals (e.g., benzene, inorganic arsenic), 
radiation, and drugs (e.g., antineoplastics, antibiotics, NSAIDs, anticonvulsants). The 
mechanism is unknown, but selective (perhaps genetic) hypersensitivity appears to be the 
basis. A very rare form of aplastic anemia, Fanconi's anemia (a type of familial aplastic 
anemia with bone abnormalities, microcephaly, hypogonadism, and brown pigmentation 
of skin) occurs in children with abnormal chromosomes. 

8.9.2 Prooxidant Potential of Iron 

Total Iron - unbound iron can act as a prooxidant by catalyzing the production of the 
very reactive hydroxyl radical from hydrogen peroxide and strong reducing agents 
such as ascorbate or homocysteine (Fenton reaction).  High iron (overload) is 
reportedly associated with high amounts of free radical damage and a higher risk for 
developing most of the age-related diseases such as diabetes, heart disease and cancer. 

8.9.3 Prooxidant Potential of Copper 

Copper - unbound copper is known to be an even more reactive prooxidant than 
iron, especially in the presence of strong reducing agents such as ascorbate (vitamin C) 
or homocysteine.  High copper levels in serum can induce and is associated with high 
levels of oxidative damage.  Small amounts are required for CuZnSOD and 
ceruloplasmin. 

8.9.4 Vitamin B12 

A deficiency of vitamin B12 can cause anemia.  The vitamin B12 molecule consists of 
the nucleotide 5,6-dimethylbenzimidazole linked at right angles to a four-pyrrole ring 
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with a cobalt atom (the corrin nucleus). Several cobalamins (vitamin B12 compounds), 
which vary only in the ligand attached to the cobalt atom, occur in nature.  

Vitamin B12 is available in meat and animal protein foods. Its absorption is complex; 
it occurs in the terminal ileum and requires intrinsic factor, a secretion of parietal cells 
of the gastric mucosa, for transport across the intestinal mucosa. Vitamin B12 in food 
binds to binding proteins (R binders) in saliva that protect B12 in the acid milieu of the 
stomach. When this B12 complex (B12-R binders) enters the small intestine, pancreatic 
enzymes cleave it, and the vitamin B12 binds to the intrinsic factor.  Where liver stores 
may be limited and growth rate demand is high, hematologic and neurologic changes may 
occur more rapidly (e.g., in breastfed babies of vegan mothers) and produce a B12 
deficiency.  Anemia caused by vitamin B12 deficiency is often used synonymously with 
pernicious anemia. Classically, the term pernicious anemia defines B12 deficiency 
caused by loss of intrinsic factor secretion. There is an increased incidence of gastric 
cancer in patients with pernicious anemia.  Giving folic acid (instead of B12) to any 
patient who is B12-deprived is contraindicated because it may result in fulminant 
neurologic deficit. 

Vitamin C (ascorbic acid) deficiency is often associated with hypochromic anemia, 
but it may be normocytic or occasionally microcytic (with chronic blood loss). 
Occasional macrocytic vitamin C deficiency is associated with folic acid deficiency; 
correction requires vitamin C (500 mg/day) and folic acid. 

Folate deficiency can also cause anemia.  Many plant and animal tissues contain folic 
acid (pteroylglutamic acid, folacin) as reduced methyl or formyl polyglutamates.  In the 
tetrahydro form, folates act as coenzymes for processes in which there is transfer of a 
one-carbon unit (e.g., in purine and pyrimidine nucleotide biosynthesis), amino acid 
conversions (e.g., histidine to glutamic acid through formiminoglutamic acid), and 
generation and use of formate. 

8.9.5 Iron and Vitamin C 
 
This supports my Unified Theory, in that, the high iron levels lead to the formation of 
greater amounts of EMODs which will kill the cancer cells.  Theoretically, I believe that 
one could increase dietary iron and its absorption with ascorbic acid, and increase 
EMODs levels and thus, decrease cancer formation rates and kill neoplastic cells, on a 
prophylactic basis.  This may also apply to viruses and bacteria.   
 
Intake of large amounts of vitamin C can deplete the body of copper, an essential 
nutrient (Sandstead HH. Copper bioavailability and requirements. Am J Clin Nutr 
1982;35:809–14 [review]) (Finley EB, Cerklewski FL. Influence of ascorbic acid 
supplementation on copper status in young adult men. Am J Clin Nutr 1983;37:553–6). 

People should be sure to maintain adequate copper intake at higher intakes of vitamin C. 
Copper is found in many multivitamin-mineral supplements. Vitamin C increases the 
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absorption of iron and should be avoided by people with iron overload diseases (e.g., 
hemochromatosis, hemosiderosis). Vitamin C helps recycle the antioxidant, vitamin E. 

Thickness of carotid artery walls is an indicator of progression of atherosclerosis. A 
preliminary study found that people who took 500 mg per day of vitamin C 
supplements for one year had a greater increase in wall thickness of the carotid 
arteries (vessels in the neck that supply blood to the brain) than those who did not 
take vitamin C (Dwyer J, Nicholson LM, Shircore A, et al. Vitamin C intake and 
progression of carotid atherosclerosis. The Los Angeles Atherosclerosis Study. 
American Heart Association Annual Meeting. March 2, 2000 [abstract]. Currently, no 
evidence supports a cause-and-effect relationship for the outcome reported in this study. 
The vast preponderance of research suggests either a protective or therapeutic 
effect of vitamin C for heart disease, or no effect at all.  The varied conclusions of 
these studies make interpretation of the data very difficult. 

Commonly, children with iron deficiency anemia will have an increased risk of infections 
and have attention defects.  Additionally, patients with iron overload can have increased 
risk of infections.  The Free Radi-Crap theory suggests that patients with iron overload 
should be symptomatic of all of the diseases attributed to high EMODs levels, but out of 
410 patients, 27% with iron overload, had no symptoms whatsoever (Adams, P. C. et 
al. The relationship between iron overload, clinical symptoms and age in 410 persons 
with genetic hemochromatosis. 1997; 25: 162-166).   
 
After full growth, at about the age of 18 years, excess iron accumulates in all people at 
the rate of 1 mg/day (Gutteridge, J. and Halliwell, B.  Antioxidants in nutrition, health 
and disease.  New York: Oxford University Press; 1994 p 24-39).  Normally, there is no 
free iron in the blood of healthy patients.  Vitamin C increases the absorption of 
iron but there is no evidence that it causes iron overload.  Vitamin C supplements 
have been shown to decrease the risk of diabetes, cancer and cataracts (Gerster, H. High-
dose vitamin C:  a risk for persons with high iron stores?  Int J Vitam Nutr Res 1999; 69: 
67-82).  Bioflavinoids and phytic acid, from berries and seed in the diet, bind iron in the 
gut or in the blood and act to keep free iron at a minimum. 
 
8.9.6 Iron and Ethanol 
 
Additionally, alcohol increases the absorption of iron and I believe that this may 
explain the benefits seen in mild consumption of alcohol regarding heart disease and 
cancer. 
 
Acute and chronic ethanol exposure exacerbates mitochondrial EMODs production, from 
isolated rat hepatocytes, and chronic ethanol consumption produced a six-fold increase in 
hepatocytes EMODs production compared with levels measured in controls (Bailey, S.M. 
and Cunningham, C.C.  Acute and chronic ethanol increases reactive oxygen species and 
decreases viability in fresh, isolated rat hepatocytes.  Hepatology. 1998 Nov; 28(5):1318-
26).  
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 I believe that this effect of ethanol, increasing EMODs levels, may be the reason 
that alcohol has been used for its medicinal properties throughout recorded history.  
Further, it may explain the “French Paradox”, in which patients have low levels of 
heart disease and arteriosclerosis and have a high intake of ethanol, even though 
they also have a high intake of fatty foods. 
 
8.9.7 Immunity & Safety Considerations for Vitamins and Dietary Supplements 
 
Some of the following material was excerpted, abstracted or modified from the PDR® 
Family Guide to Nutrition and Health™, Latest Thinking on Diet and Immunity. 

Vitamins can not cure an infection or prevent one from taking hold.  However, extra 
doses of certain vitamins do seem to reduce the severity of some infections. There's 
evidence that an outright vitamin deficiency is an invitation to disease.  Please remember 
that vitamin deficiency is relatively rare in the U.S.A. 

In this era of AIDS and HIV, a robust immune system is all that stands between us 
and perpetual infection and the nutrients in our diet have a definite impact on the status 
of the immune system. This was firmly established many years ago, when doctors noticed 
that under-nourished patients were less able to fight infection. Recently, many experts 
have come to believe that the lowered immunity that accompanies old age is to some 
extent a result of poor nutrition, although it appears to be almost an inevitable decline. 

8.9.8 Dietary Mainstays of Immunity 

Some studies suggest that maintaining your immune system in peak condition may 
require more than the official Recommended Daily Allowances (now called Daily 
Values).  RDAs were established to prevent deficiency diseases, not to help the immune 
system; and these values have rarely been changed. On the other hand, too much of 
certain nutrients can actually hamper immunity. 

This is another area of science where confusion still reigns. The immune system is 
complex and resilient and constitutes the NOHB. In some people, a vitamin deficiency 
may have no practical effect at all. In others, extra vitamins and other nutrients may 
prove to be helpful. Amid all the uncertainty, however, a few vitamins and minerals need 
further consideration. 

8.9.9 Vitamin A 

To sum it all up, a deficiency can increase your vulnerability to infection, but 
overdosing is harmful. Getting less than the government recommendation of 5,000 
International Units of vitamin A can: 

• Reduce the size of the thymus, a gland that makes the disease-fighting white 
blood cells called lymphocytes  

• Shrink the number of lymphocytes  
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• Reduce production of antibodies that fight infection  
• Reduce the ability of the respiratory tract to push bacteria out of the system  

Carotenoids such as beta-carotene are forms of vitamin A. They help regulate three 
types of immune cells: T and B lymphocytes, natural killer cells, and macrophages. 
These cells are all capable of generating RONS or EMODs. 

It is not known whether people who get too little vitamin A or beta-carotene actually 
become sick more easily or whether their illnesses are more serious. Some studies 
indicate that if you develop a bad case of measles or pneumonia, or have a long-lasting 
fever, you need more vitamin A than the Food and Drug Administration (FDA) 
recommends. Conversely, there is evidence that the body reduces vitamin A 
circulation as part of its response to infection. If this is true, increasing vitamin A 
levels during infection would be counterproductive, as long as the patient had an 
adequate amount before getting sick. 

In any case, several studies in developing countries have found that giving vitamin A 
supplements to children with measles significantly reduced their chance of dying. Most 
of these children were vitamin-A deficient before they became ill. In at least one study, 
children receiving vitamin A had fewer measles symptoms than those who didn't take the 
vitamin. 

There is some evidence that supplemental vitamin A can increase the immune 
response of cancer patients, as well—although extremely high doses seem to 
suppress it. Too much beta-carotene also may impair the immune system. A study of 
smokers conducted in Finland found an increase in lung cancer among the smokers 
who took a daily 20-milligram beta-carotene supplement. Consequently, some 
nutritional authorities now recommend limiting your beta-carotene intake to the amount 
found in a standard multivitamin tablet. 

Vitamin A is fat-soluble. Unlike water soluble vitamins, it is stored in your body fat, 
where it can build up to dangerous levels. Taking too much of it can cause headaches, 
nausea, and possible liver problems. 

8.9.10 Vitamin B complex 

Deficiencies of the B vitamins definitely lower your resistance. Deficiencies of B2, 
B6, B12, folate, and pantothenic acid have the greatest impact. A deficiency of biotin or 
thiamine is less significant. Oral contraceptives tend to reduce the supply of several B 
vitamins, including B6. Nonetheless, eating foods rich in the B vitamins should be 
enough to overcome this effect.  

Although most people get sufficient vitamin B12 in their food, between 10 and 30 
percent of older adults lose their ability to adequately absorb the naturally-
occurring form of B12. Therefore, the Institute of Medicine recommends that adults 
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over age 50 meet most of their recommended daily intake (2.4 micrograms) with 
synthetic B12 from fortified foods or vitamin supplements. 

8.9.11 Vitamin C 

The craze over vitamin C's power to prevent and treat colds started with the Nobel Prize-
winning chemist Linus Pauling's 1970 book, Vitamin C and the Common Cold. Pauling 
advised taking 3,200 to 12,000 milligrams per day, far higher than conventional 
standards. The latest recommendation from the Institute of Medicine is 75 milligrams per 
day for women and 90 for men, with an extra 35 milligrams daily for smokers, who suffer 
higher levels of oxidative stress and cellular damage. This is a far cry from Pauling's 
original proposals. Studies testing Pauling's cold theory indicate that vitamin C probably 
does not prevent colds but may make them milder and shorten their duration. 

8.9.12 Key Components in Your Immune System 

o Antibodies —elements of the immune system targeted to specific 
invaders that you have been exposed to before.      

o Macrophages —cells that kill bacteria by surrounding and, in effect, 
eating them.  

o Lymphocytes —infection-fighting white blood cells. Lymphocytes play a 
role in making antibodies.  

o T-cells — a type of lymphocyte attacked by HIV.  
o Thymus —the gland where cells mature into lymphocytes.      
o Neutrophils —compose about 75 percent of circulating white blood cells.  
o Interleukin-2 — A hormone that promotes growth in the number and 

power of T-cells.  

Does vitamin C affect immunity? Vitamin C has been proven to boost the bacteria-
killing ability of certain immune cells called macrophages and neutrophils. Some 
authorities believe that vitamin C also stimulates production of interferon, an 
important chemical in the immune system, and that it improves the thymus gland's ability 
to make infection-fighting lymphocytes. 

How much Vitamin C is adequate? In a number of studies, megadoses have delivered 
only minimal benefits, producing at best minor symptomatic relief. In one study, doses 
of less than 100 milligrams daily were said to achieve the same results as 1 to 2 grams per 
day. 

However, other studies do bear out the protective power of higher doses. One well-
controlled study showed that, when volunteers were deliberately infected with a cold-
causing virus, those taking 500 milligrams of vitamin C four times a day (that's a total of 
2,000 milligrams or 2 grams per day) had symptoms half as severe as those taking a 
dummy pill instead. Some nutritionists now recommend taking 750 milligrams daily 
during the cold season as a preventive measure, and raising that amount to 1 gram (1,000 
milligrams) at the first sign of cold symptoms. If you get a cold, they advise taking 500 
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milligrams every two-and-a-half hours during the daytime and 1 gram of time-released 
vitamin C at bedtime.  Please remember that vitamin C can have considerable 
prooxidant activity. 

Can too much vitamin C be harmful? Unlike vitamins that remain in your body fat, 
vitamin C is water soluble. Because excess amounts are rapidly flushed from the body, 
the danger of overdosing is minimal. Large doses can lead to diarrhea, gas, and heartburn. 
Taking 5 to 10 grams a day can cause nausea and vomiting. 

People with certain health problems may experience additional side effects: 

• High vitamin C intake can reduce the effect of warfarin, a medication used to 
thin the blood, and of certain drugs used to treat infections of the urinary tract. 
If you take these drugs you should not supplement your diet with megadoses of 
vitamin C.  

• Because it is an acid, vitamin C may irritate stomach ulcers.  
• If you have problems storing iron, vitamin C can cause serious problems by 

releasing too much iron into the blood and cause hemosiderosis.  
• In people with genetic blood diseases such as sickle-cell anemia or thalassemia, 

too much vitamin C can make red blood cells self-destruct.  
• Animal studies have also shown that megadoses can lead to spontaneous 

abortion.  

Anyone taking megadoses of vitamin C over a long time can become dependent on 
it. The body may respond to uninterrupted high levels by activating an enzyme to destroy 
the vitamin. If you then cut your dosage too quickly, you may go through a withdrawal 
process that includes signs of vitamin C deficiency. 

The consensus today is to take no more than 1,000 milligrams of vitamin C per day. 
Taking it in small doses with meals rather than all at one time increases the amount that 
your body absorbs. Always swallow the tablet immediately; chewing vitamin C can 
erode tooth enamel. Tell your doctor if you take 1,000 milligrams or more daily. 
Megadoses may affect the results of blood sugar checks for diabetes, and of other 
medical tests. 

If you choose to exceed the 1,000-milligram-per day level, remember that the Institute of 
Medicine has declared 2,000 milligrams per day to be the "tolerable upper intake level." 
Regular doses higher than that amount are liable to cause side effects in a significant 
number of people. 

8.9.13 Vitamin E 

There are recent studies showing the harmful effects of vitamin E, even though it has 
been touted as a strong antioxidant. As an immunity-booster, however, its value is 
debatable. In the past, some experts have recommended taking 3 to 4 times the 
Recommended Daily Allowance to keep the immune system at its peak. However, 
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megadoses of vitamin E have been found to suppress the function of B cells, an 
important component of the immune system. The current daily intake recommendation 
from the Institute of Medicine is 15 milligrams of the form of vitamin E known as 
alpha-tocopherol. This level is equivalent to 22 International Units of d-alpha-
tocopherol (natural source) vitamin E or 33 IUs of the synthetic form (dl-alpha-
tocopherol). Nuts, seeds, liver, leafy green vegetables, and some vegetable oils are all 
sources of d-alpha-tocopherol. 

The Institute of Medicines’ "tolerable upper intake level" is 1,000 milligrams per day for 
adults, a level that can be reached only by taking supplements. That amount translates 
into 1,500 International Units of natural-source vitamin E supplements or 1,100 
International Units of the synthetic version. Consuming greater amounts heightens the 
risk of bleeding, since this nutrient acts as a blood-thinner at high levels. 

8.9.14 Iron 

Many Americans lack sufficient amounts of this important mineral. Menstruating women, 
for example, lose iron with the blood in their periods every month. Without enough 
iron, the number of antibodies in the immune system is reduced, and the system's 
natural killer cells, neutrophils, and macrophages are unable to kill bacteria as 
effectively as they should. Iron deficiency may also lower both the number of white 
blood cells and their ability to fight infection. 

Too much iron however, may be as dangerous as too little.  Iron overload interferes 
with immune responses and reduces the number of cells that grow into lymphocytes. 
It also can produce an iron storage disease called hemosiderosis. The latest 
recommendation from the Institute of Medicine is 8 milligrams a day for men and 
postmenopausal women, and 18 milligrams a day for women in their childbearing years. 
There is no evidence that supplementing the diet with higher doses can "soup up" 
your immune response. You should take iron supplements only to correct a deficiency. 

Because bacteria need iron to grow, some authorities have argued that iron deficiency 
actually reduces risk of infection. Most human studies do not support this conclusion. 
Reducing iron offers no protection against disease, and correcting the deficiency 
does not increase the number or seriousness of infections. 

8.9.15 L-arginine 

Imbalances in amino acids, the building blocks of proteins, can impair immune response. 
In animals, L-arginine stimulates the adult immune system and reduces the growth 
and spread of experimentally induced tumors. In studies with people, use of this 
amino acid has led to an increase in the number of lymphocytes and has shortened 
hospital stays after major operations. Some evidence suggests that large doses of L-
arginine could help in treating AIDS and cancer. However, researchers want more 
information before recommending L-arginine supplementation. 
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8.9.16 Protein 

Severe protein insufficiency reduces the size, weight, and function of the thymus 
gland, a small organ located in the chest. Because the thymus makes the white blood 
cells that produce antibodies and kill invading microorganisms, shrinkage of the 
gland decreases the body's ability to fight infection. Protein deficiency is uncommon in 
this country except among the poor, those with certain illnesses, and elderly people who 
may find it too difficult or expensive to prepare nutritious meals. In fact, because most of 
us eat more protein than we need, deficiency is rarely to blame when the immune 
system malfunctions. 

8.9.17 Selenium 

Although some studies suggest that a lack of selenium is linked to an increased risk of 
cancer, its role in fighting infection is unclear. When levels are too low, the body 
cannot produce sufficient antibodies to combat illness. (Vitamin E reverses this 
effect.). A moderate increase in intake has been found to boost immune response in 
animal tests; but an overdose can do the opposite. The government recommends a 
daily intake of 55 micrograms for women and 70 micrograms for men; doses above 400 
micrograms per day are considered unsafe. The risk of a toxic reaction increases with the 
size of dosage. Warning signs of overdose are hair loss and fingernail and toenail 
damage. 

8.9.18 Zinc 

The Institute of Medicine's current recommendation for zinc is a daily intake of 8 
milligrams for women and 11 milligrams for men. Consuming less hampers the 
immune system in several ways: 

• Shrinks the size of the thymus, where the disease-fighting white blood cells 
called lymphocytes are made.  

• Reduces the number of lymphocytes  
• Slows the production of lymphocytes  
• Impairs the function of lymphocytes and the germ-killing cells called 

macrophages  
• Decreases antibody response  
• Prevents wounds from healing properly  

Many of the above effects result in decreased levels of EMODs. 

Zinc deficiencies can reduce immunity in both school-age children and women of 
childbearing age. There is also some evidence that healthy people consuming low-normal 
levels of zinc have diminished immune response. 

According to some estimates, fewer than 50 percent of Americans get an adequate 
amount of zinc. Among those most likely to be deficient are the elderly, dieters, 
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alcoholics, pregnant women, infants, and people with injuries, burns, or infections. Zinc 
is found in animal-derived foods such as meat, eggs, and cheese and restoring zinc-rich 
foods to your diet can bring the immune system back to par within two weeks. 

When it comes to zinc supplements, more is definitely not better. In fact, exceeding the 
RDA even slightly may be harmful. Overdosage (300 milligrams a day) may actually 
impair immunity, while doses of 90 to 100 milligrams per day taken over a long period 
of time can reduce immunity, lower levels of "good" HDL cholesterol, and produce 
anemia. 

Zinc. In one recent study, people taking low doses of both zinc and selenium showed an 
increased resistance to respiratory tract infections. But beware of overdoing it. While the 
recommended amount of zinc (8 to 11 milligrams daily) can increase the number of T-
cells in the immune systems of older people, larger doses (less than 10 times the RDA) 
can cause bloating, nausea, cramps, diarrhea, and fever. Even higher amounts can lead 
to bleeding and anemia. 

The elderly get sick more easily, take longer to recover, and are more likely to develop 
life-threatening illnesses. In fact, infections are the fourth leading cause of death in the 
elderly. 

Vitamin B6. There is some evidence that extra vitamin B6 can give older immune 
systems a boost. In a study at Tufts University, a dosage of 50 milligrams a day (25 times 
the 2-milligram RDA) hiked immune response to that of much younger adults. However, 
there's a definite danger in large doses. Some people develop reversible nerve 
damage at doses of 100 milligrams per day. 

Megadoses of nutrients. Although large doses of vitamins A, C, E, B12 and both 
selenium and zinc are sometimes recommended to increase the number and activity of the 
immune system's T-cells, very high doses have not been proven effective, and may even 
be dangerous. Regular consumption of more than 50,000 IU a day of vitamin A (10 times 
the recommended amount) can be poisonous to the system. As little as 25 milligrams of 
zinc daily can cause nausea and impaired immune function. 

9.0      33.17 Hyperoxia and Hyperbaric Oxygen  
 
Some of the following material was excerpted, abstracted or modified from:  Hyperbaric 
Oxygen therapy.  Richard A. Neubauer, M.D. and Morton Walker, DPM. Avery (a 
member of Putnam Inc.) 1998. 
 
Hyperbaric Oxygen Therapy (HBOT) involves the use of pure oxygen at higher-than-
atmospheric pressure to help overcome disease associated with a lack of oxygen in the 
tissues or organs.  Unfortunately, this treatment is no longer considered beneficial by 
doctors in the United States for use in routine heart surgery, as an adjunct to cancer 
chemotherapy, or in the reversal of senility. 
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American doctors accept HBOT for use in wound healing, bone infection, carbon 
monoxide intoxication, and air emboli, or air bubbles in the bloodstream due to 
decompression sickness, open-heart surgery, and other sources.  HBOT can also be 
used for conditions such as coma resulting from head injuries, bruising of the spinal 
cord, stroke, and neurological disorders such as multiple sclerosis.  These additional 
applications have yet to be recognized by the medical establishment in the U.S. 
 
Oxygen under pressure not only dissolves in the plasma but in all the body’s fluids, such 
as the lymph and the fluid surrounding the brain and spine, as well as in bone marrow.   
Nature has dictated that healing cannot take place in aerobic organisms without 
appropriate oxygen levels in the body’s tissues.  In many cases, such as those involving 
circulatory problems and strokes, adequate oxygen can’t reach the damaged area, and 
the body’s natural healing process fails to function properly. 
 
All of the body’s major components – water, protein, carbohydrate, and fat – contain 
oxygen and its amount exceeds all other elements of the body combined.  Second, 
oxygen helps bring about certain chemical reactions within the body that result in energy 
production, ATP production.  Energy is needed for functions such as circulation, 
respiration, and digestion and to power enzymatic reactions.  Energy is also used to 
maintain a constant body temperature in man. 
 
This extra oxygen helps the healing process.  It enhances the white blood cells’ ability to 
fight infection.  It can promote the development of new capillaries, the tiny blood vessels 
that connect arteries to veins by a process called angiogenesis.  It helps the body build 
new connective tissue through collagen synthesis.   
 
Doctors now realize there are other many uses for HBOT, including treatment of non-
healing wounds, carbon monoxide poisoning, various infections, damage caused by 
radiation treatments, and all types of diving accidents.  (Sukoff, M.H. and Gottlieb, 
S.F.  Hyperbaric oxygen therapy.  In Nussbaum E. (Ed): Pediatric Intensive Care 2nd ed.  
Mount Kisco, New York:  Futura Publishing Inc. 1898; 483-507) (Neubauer, R.A., 
Kagan, R.L. and Gottlieb, S.F.  Use of hyperbaric oxygen for the treatment of aseptic 
bone necrosis.  J Hyper Med 1989; 4: 69-76) (Gottlieb, S.F.  Proposed criteria for 
evaluating disease entities for inclusion in accepted indications category for hyperbaric 
oxygen treatment.  J Hyper Med  1989; 4: 33-37) (Gottlieb, S.R. and Neubauer, R.A.  
Multiple sclerosis: its etiology, pathogenesis, and therapeutics with emphasis on the 
controversial use of HBO.  J Hyper Med 1988; 5: 143-164), including treatment of non-
healing wounds, carbon monoxide poisoning, various infections, damage caused by 
radiation treatments, and all types of diving accidents).   
 
For more than three hundred years, people have been breathing pressurized air for 
its therapeutic effect.  A British physician named Henshaw is believed to have been the 
first, in 1664, to use compressed air in a specially equipped room called a domicilium.  
Henshaw believed that breathing vigorously inside the domicilium improved both 
digestion and respiration. 
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One atmosphere absolute is the average atmospheric pressure exerted at sea level, 
or 14.7 psi. 
 
9.0.1 Cerebrovascular Accidents (strokes) 
 
Stroke is the third most frequent cause of death in the United States and the major 
cause of disability among Americans.  One third of those who suffer a stroke do not 
survive the initial attack, and another third enter nursing homes.  Only one third 
improve, and many of these patients are left with disabilities that hinder their capacity to 
resume their pre-stroke lives.  Stroke care in the United States costs more than $30 billion 
a year and is fraught with pain and suffering. 
 
Packed within the soft mass of the brain are more than 10 billion interconnected nerve 
cells, called neurons.  Though the brain is protected against danger from without by the 
skull, danger can lurk from within in the form of a blockage or rupture in one or more of 
the brain’s thousands of blood vessels. 
 
A cutoff of blood circulation can occur for one of three reasons: ischemia, emboli 
and cerebral hemorrhage, including aneurysms.  It is estimated that approximate 35 of 
every 100 persons who experience a transient ischemic attack (TIA) will suffer a lethal or 
incapacitating stroke within five years. 
 
After the ischemic cascade associated with a stroke, the brain goes through a 
reorganization phase, which lasts for about a week.  After the reorganization, the brain 
enters a fairly stable phase, which may last anywhere from a week to three months.  
Preliminary results suggest that HBOT is not as useful during the reorganization 
phase as it is before or after this phase. 
 
Most neurologists believe that little or no further recovery will occur after three 
months. 
 
HBOT decreases swelling and reawakens the stunned neurons within the penumbra 
by providing them with oxygen (Simon, L.  The concept of threshold of ischemia in 
relation to brain structure and function.  J Clin Path 1976; 11(suppl): 149-154) (Astrup, 
J., Siesjo, B.K. and Symon, L.  The state of penumbra in the ischemic brain: viable and 
lethal threshold in cerebral ischemia.  Stroke 1981; 12: 723-725). 
 
Drugs can reduce edema but they cannot supply the brain with needed oxygen. 
 
Studies demonstrate HBOT’s effectiveness in treating stroke.  Eight of nine animal 
studies showed positive results when HBOT was used (Smith, G., Lawson, D.D., 
Renfrew, S. et al. Preservation of cerebral cortical activity by breathing oxygen at 2 ATA 
pressure during cerebral ischemia.  Surg Gynecol Obstet 1961: 113: 13) (Whalen, R., 
Heyman, A. and Saltzman, H.  The protective effect of hyperbaric oxygen in cerebral 
ischemia.  Arch Neurol 1966; 14: 15) (Moore, G.F., Fuson, R.L., Margolis, G. et al.  An 
evaluation of the protective effect of hyperbaric oxygenation on the central nervous 
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system during circulatory arrest.  J Thorac Cardiovasc Surg 1966; 52: 618) (Corkill, G., 
Dhousen, K., Hein, H. et al.  Videodensimetric estimation of the protective effect of 
hyperbaric oxygen in the ischemic gerbil brain.  Surg Neurol 1985; 24: 406) (Shiokawa, 
D., Fujishima, M., Yanai, T. et al.  Hyperbaric oxygen therapy in experimentally induced 
acute cerebral ischemia.  Undersea Biomed Res 1986; 13: 337) (Burt, J.T., Kapp, J.P. and 
Smith, R.R.  Hyperbaric oxygen and cerebral infarction in the gerbil.  Surg Gynecol  
1987; 28: 265) (Weinstein, P.R., Hameroff, S.R., Johnson, P. et al.  Effect of hyperbaric 
oxygen therapy of dimethylsulfoxide on cerebral ischemia in unanesthetized gerbils.  
Neurosurgery 1986; 18: 528) (Reiten, J.A., Kien, N.D., Thorup, S. et al.  Hyperbric 
oxygen increases survival following carotid ligation in gerbils.  Stroke 1990; 21: 119-
123). 
 
In another study, 122 patients with strokes caused by blood clots were treated with 
HBOT.  Of the 122, 79 were treated from five months to ten years after their initial 
attacks – beyond the time that spontaneous recovery is believed to take place.  Many of 
the patients had received various conventional physical therapies.  They underwent 
HBOT at 1.5 to 2.0 atmospheres absolute, with duration and frequency of treatment 
adjusted as each patient improved.  Of the 79 patients, 65% reported improvement in 
their quality of life.  The HBOT patients spent much less time in the hospital – an 
average of 177 days compared with 287 days for conventionally treated patients.  It is 
noteworthy that all of the HBOT patients were able to go home, while a number of the 
other patients had to enter rehabilitation centers.  That represents a significant 
conservation of resources, in both emotional and financial terms, for the HBOT patients 
(Neubauer, R.A. and End, E.  Hyperbaric oxygenation as an adjunct therapy in strokes 
due to thrombosis.  Stroke 1980; 11: 297-300).  Unfortunately, this approach is under 
utilized in the U.S. 
 
Head injuries deprive certain areas of the brain of oxygen by swelling or hemorrhage.  
HBOT can, at times, break this cycle by constricting the brain’s blood vessels, yet 
delivering more oxygen.  This seems like a contradiction, but HBOT can increase 
oxygen levels because the increased pressure forces oxygen into the blood plasma, 
the liquid part of the blood that normally carries only 3% oxygen, and into the 
cerebrospinal fluid that surrounds the brain.  The plasma and cerebrospinal fluid can then 
reach areas that the red blood cells, which normally carry oxygen, cannot penetrate.  With 
HBOT, oxygen in the capillaries is pushed further into the adjacent tissues than when 
oxygen is administered at standard pressure.  HBOT can also stabilize and repair what 
is called the blood-brain barrier, a protective layer of cells that keeps many toxins or 
noxious materials from reaching the brain.  This barrier is often greatly disturbed when a 
head injury occurs.  Often, this increased oxygenation helps to restore the patient to a 
conscious state (DeVolder, A.G., Goffinet, A.M., Bol, A. et al.  Brain glucose 
metabolism in post-anoxic syndrome.  Arch Neurol 1990; 47: 197-204). 
 
Prompt use of HBOT is important because the more time a patient spends in a coma, the 
poorer his or her chances are of making a good recovery.  Post-coma psychosis is 
known to occur at a higher rate for coma patients who are not treated with HBOT. 
The spinal cord is made up of similar types of nerve tissue to that found in the brain.  
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Therefore, when it is bruised, it tends to undergo the same type of damage to which the 
brain is subject.  That is, swelling causes a cutoff of the blood supply, which in turn 
causes the cells to die from lack of oxygen and from being poisoned by their own 
waste. 
 
Studies have shown HBOT’s effectiveness in cases where spinal damage is 
associated with injuries (Jain, K.K., ed. Textbook of Hyperbaric Medicine.  Toronto: 
Hogrefe & Huber, 1990) (Mogami, H., Hayakawa, T., Kanal, N. et al.  Clinical 
application of hyperbaric oxygenation in the treatment of acute cerebral damage.  J 
Neurosurg 1969; 31: 636-643) (Holbach, K.H., Wassmann, H. and Kolberg, T.  
Berbesserte reversibilatat des traumatischen mittelhirnsyndrome bei anwendung der 
hyperbaren oxygenierung.  [Improved reversal of traumatic-brain syndrome by 
application of hyperbaric oxygen] Acta Neurochir 1974; 30-247-256) (Artu, F., 
Philippon, B., Gau, F., Berger, M. and Deleuze R.  Cerebral blood flow, cerebral 
metabolism and cerebrospinal fluid biochemistry in brain-injured patients after exposure 
to hyperbaric oxygen.  Eur Neurol 1976; 14: 351-364) (Sukoff, M.H. and Ragatz, R.E.  
Hyperbric oxygenation for the treatment of acute cerebral edema.  Neurosurgery 1982: 
10: 29-38) (Rockswold, G.L. and Ford, S.E.  Preliminary results of a prospective 
randomized trail for treatment of severely brain-injured patients with hyperbaric oxygen.  
Minn Med 1985; 68: 533-535). 
 
9.0.2 Migraine Headaches 
 
During the first phase of a migraine, blood flow may be reduced by an average of 
36%.  Reduced blood flow results in lack of oxygen in the tissues, along with changes in 
the brain’s chemistry.  This, in turn, causes the release of substances that greatly dilate 
the blood vessels.  Local tissue injury and swelling occur as a result.  It is at this time 
that migraine pain strikes the patient.  Many migraine patients who receive HBOT find 
that the interval between attacks is significantly increased. 
 
9.0.3 Macular Degeneration 
 
There is some evidence that HBOT can reverse age-related macular degeneration 
(AMD), the leading cause of severe visual loss in people over the age of fifty. 
 
In a study by Dr. L. Bojic and colleagues, 4 patients who had nearly total loss of eyesight 
from macular degeneration received HBOT.  Three of the patients experienced a 
doubling of visual acuity, while the fourth experienced almost a fourfold increase in 
acuity.  The doctors who treated the patients thought that the hyperbaric oxygen helped 
increase the amount of oxygen in the retinal tissue, which allowed the retina to renew 
itself without causing a buildup of waste material.  They thought this waste material 
interfered with cell function and led to macular degeneration (Bojic, L., Gosovic, S., 
Kovacecic, H. and Denoble, P.  Hyperbaric Oxygenation in the Treatment of Macular 
Degeneration.  Split, Yugoslavia:  Split Naval Medical Institute pp 1-4). 
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9.0.4 Multiple Sclerosis 
 
There are approximately half a million multiple sclerosis (MS) patients in the United 
States, with about 10,000 Americans newly diagnosed each year.  In MS, the nerve fibers 
in the brain and spinal cord gradually lose their protective covering, which is made of a 
fatty substance called myelin.  Nerve impulses are basically electrical impulses, so 
myelin covers and insulates a nerve in the same way insulation covers an electrical wire.  
A nerve that is covered with myelin conducts impulses more rapidly than a nerve that 
isn’t covered. 
 
As a result of MS, hardened, scarred patches called plaques may develop throughout the 
brain and spinal cord, although affected areas do not always form plaques.  Yet, even 
before these scars develop, MS can cause swelling and a lack of oxygen in the tissues 
which, in turn, can produce many different symptoms.  MS may cause a number of 
secondary problems, such as inflammation of the membranes covering the brain and 
spinal cord, problems with nerves beyond the brain and spinal cord, changes in the retina, 
loss of nerve cells, blood spots in the skin, and blood vessel changes.  No one is sure 
what causes MS. 
 
A variety of treatments have been developed in an effort to reverse, or at least relieve, the 
symptoms of MS.  These come out of two theories about what causes MS – viral 
infection and autoimmune dysfunction.  Numerous investigations have done studies in 
which neither theory was found to be valid (Chattaway, SJ.S.  What’s new in the 
pathogenesis of multiple sclerosis?  A review.  J Roy Soc Med 1989; 82: 159-162) 
(Gottlieb, S.F. and Neubauer, R.A.  Multiple sclerosis: its etiology, pathogenesis, and 
therapeutics with emphasis on the controversial use of HBO.  J Hyper Med 1988; 3: 143-
164) (McDonald, W.I.  The mystery of the origin of multiple sclerosis.  J Neurol 
Neurosurg Psychiatry 1985; 49: 113-123). 
 
HBOT was the safest and most effective treatment available for MS. 
 
The Gottlieb-Neubauer theory, proposing that MS is caused by lack of oxygen, has 
been supported by research showing that HBOT, which overcomes a lack of oxygen, 
is an effective treatment method. 
 
Seventy percent of the treated MS patients either did not deteriorate, had their 
conditions stabilize, or showed small improvements (Davidson, D.L.W.  Hyperbaric 
oxygen therapy in the treatment of multiple sclerosis.  Report from Action for Research 
into Multiple Sclerosis, London, England 1989). 
 
9.0.5 Injuries 
 
Each year, Americans make about 25 million visits to emergency rooms because of 
injuries caused by everything from car accidents to falls to acts of violence.  Many of the 
most severe injuries cause equally severe blood-circulation problems, which in turn bring 
on oxygen starvation in the body’s tissues.  Such under-oxygenation can disrupt the 
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body’s normal functioning almost as much as the actual injuries themselves. 
 
Sometimes, there is a lack of oxygen in the tissues due to a disruption in the blood 
supply.  This disruption arises after the blood that generally flows from a wound starts to 
clot.  Such clotting interferes with the circulation in the wound areas by blocking the 
blood vessels.  Such blockages reduce the area’s oxygen supply and prevent removal of 
wastes produced by the cells.  The affected tissues begin to swell.  Even when the 
circulation is restored, the swelling may persist or get worse.  That further cuts off the 
supply of blood and oxygen to the area, and traps even more waste within the tissues.  
The oxygen depletion and waste buildup combine to kill cells, and the presence of dead 
cells, in turn, leads to even more oxygen depletion and waste buildup. 
 
A lack of oxygen in the tissues can reduce the injured person’s defense against infection 
by decreasing the activity of infection-fighting white blood cells and lead to 
immunosuppression.  A wound’s chances of becoming infected are directly related to 
how little oxygen there is in the affected tissues (Hunt, T.K.  Disorders of repair and 
their management.  In Hunt T.K. and Dunphy J.E. (Eds): Fundamentals of Wound 
Management.  New York:  Appleton-Century-Crofts, 1979; pp. 68-168). 
 
Under-oxygenation can also reduce the body’s ability to heal the wound, especially 
since healing tissue needs even more oxygen than does healthy tissue (Niinikoski, J., 
Hunt, T.K. and Zederfeldt, B.  Oxygen supply in healing tissue.  Am J Surg 1972; 123: 
247-253).  A lack of oxygen can deactivate the cells that produce granulation tissue, the 
tissue that covers a wound before the new skin grows.  It can also interfere with the 
production of collagen, the basic building material of which new skin is made, and any 
collagen that is produced is likely to be of poor quality (Honn, C.  Oxygen and leukocyte 
microbial killing.  In Davis, J.C. and Hunt, T.K. (Eds):  Hyperbaric Oxygen Therapy.  
Bethesda, Maryland:  Undersea and Hyperbaric Medical Society, 1977; pp. 101-110) 
(Hunt, T.K. and Pai, M.P.  The effect of varying ambient oxygen tensions on wound 
metabolism and collagen synthesis.  Surg Gynecol Obstet 1972; 135: 561-567) (Hunt, 
T.K., Niinikoski, J., Zederfeldt, B.H. et al.  Oxygen in wound healing enhancement: 
cellular effects of oxygen.  In Davis, J.C. and Hunt, T.K. (Eds):  Hyperbaric Oxygen 
Therapy.  Bethesda, Maryland:  Undersea Medial Society, 1977; pp. 111-122) (Silver, 
I.A.  Cellular microenvironment in healing and non-healing wounds.  In Hunt, T.K., 
Heppenstall, R.B., Pines, E. et al. (Eds): Soft and Hard Tissue Repair, New York:  
Praeger, 1984; pp. 50-66). 
 
The creation of capillaries, the tiny blood vessels that connect arteries to veins, 
requires both collagen and oxygen (Knighton, D.R., Silver, I.A. and Hunt, T.K.  
Regulation of wound healing angiogenesis effect of oxygen gradients and inspired 
oxygen concentration.  Surgery 1981; 90: 262-270) (Ketchum, S.A., III, Thomas, A.N. 
and Hall, A.D.  Angiographic studies of the effects of hyperbaric oxygen on burn wound 
revascularization.  In Wada, J. and Iwa, T. (Eds): Proceedings of the Fourth International 
Congress on Hyperbaric Medicine.  Baltimore:  Williams and Wilkins, 1969; pp. 388-
394).  If either is lacking, new capillaries cannot be created, and wound healing 
cannot occur.  Thus, a lack of oxygen in the wounded tissues interferes with the 
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entire wound healing process (Wells, C.H., Goodpasture, J.E., Horrigan, D.J. and Hart, 
G.B.  Tissue gas measurements during hyperbaric oxygen exposure.  In Smith, G. (ed): 
Proceedings of the Sixth International Congress on Hyperbaric Medicine.  Aberdeen, 
Scotland:  Aberdeen University Press, 1977; pp. 118-124). 
 
As the swelling increases, the fluid pressure can become so severe that it brings about a 
partial or complete collapse of the capillary circulation within the affected tissues. 
 
HBOT is the best way of increasing the oxygen content of under-oxygenated tissues 
(Sheffield, P.J.  Tissue oxygen measurements with respect to soft-tissue wound healing 
with normobaric and hyperbaric oxygen.  HBO Review 1985; 6: 18-46) (Strauss, M.B., 
Hargens, A.R., Gershuni, D.H., Greensberg, D.A., Crenshaw, A.G., Hart, G.B. and 
Akeson, W.H.  Reductions of skeletal muscle necrosis using intermittent hyperbaric 
oxygen in a model compartment syndrome.  J Bone Joint Surg 1983; 65A: 656-662) 
(Strauss, M.B., Hargens, A.R., Gershuni, D.H., Hart, G.B. and Akeson, W.H.  Delayed 
use of hyperbaric oxygen for treatment of a model anterior compartment syndrome.  J 
Ortho Res 1986; 4: 108-111) (Skyhar, M.J., Hargens, A.R., Strauss, M.B. et al.  
Hyperbaric oxygen reduces edema and necrosis of skeletal muscle in compartment 
syndromes associated with hemorrhagic hypotension J Bone Joint Surg 1986; 68A: 1218-
1224) (Nylander, G., Lewis, D., Nordstrom, H. and Larson, J.  Reduction of post-
ischemic edema with hyperbaric oxygen.  Plast Reconstr Surg 1985: 76: 595-603). 
 
HBOT can put more oxygen in the body’s fluids, and thus is able to deliver more 
oxygen to under-oxygenated tissues (Peirce, E.C.  Pathophysiology, apparatus and 
methods including the special techniques of hypothermia and hyperbaric oxygen.  In 
Peirce, E.C. (Ed): Extra-corporeal Circulation for Open-Heart Surgery.  Springfield, 
Illinois:  Charles C. Thomas, 1969; pp. 83-84) (Tan, C.M., Im, M.J., Myers, R.A.M., et 
al. Effects of hyperbaric oxygen and hyperbaric air on the survival of island skin flaps.  
Plast Reconstr Surg 1984; 73: 27-30).   
 
The use of HBOT is a very valuable way of treating difficult wounds (Hunt, T.K. and 
van Winkle, W.  Wound healing:  normal repair.  In Dunphy, J.E. (ed): Fundamental of 
Wound Management in Surgery.  South Plainfield, New Jersey:  Chirurgecom, Inc., 
1976; pp. 1-68) (Sheffield, P.J.  Tissue oxygen measurements with respect to soft-tissue 
wound healing with normobaric and hyperbaric oxygen.  HBO Review 1985; 6: 18-46) 
(Sheffield, P.J.  Tissue oxygen measurements with respect to soft-tissue wound healing 
with normobaric and hyperbaric oxygen treatments.  In Gottlieb, S.F., Longmuir, I.S. and 
Totter, J.R. (Eds): Oxygen:  An In-Depth Study of its Pathophysiology.  Bethesda, 
Maryland:  Undersea Medical Society, 1984; pp. 241-277) (Kindwall, EP. And 
Goldmann, R.W.  Hyperbaric Medicine Procedures.  Milwaukee, Wisconsin:  St. Luke’s 
Hospital, 1984; p. 85). 
 
Under-oxygenation makes a wound more susceptible to infection, which slows the 
rate of healing (Ninikoski, J.  Effect of oxygen supply on wound healing and formation 
of experimental granulation tissue.  Acta Physiol Scand 1969; 334: 1-72) (Hunt, T.K., 
Conolly, W.B., Aronson, S.B., et al.  Anaerobic metabolism and wound healing: an 
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hypothesis for the initiation and cessation of collagen synthesis in wounds.  Am J Surg  
1979; 135: 328-332) (Hunt, T.K. and Pai, M.P.  The effect of varying ambient oxygen 
tensions on wound metabolism and collagen synthesis.  Surg Gynecol Obstet 1972; 135: 
561-567).  Swelling reduces the number of white blood cells and other infection 
fighters that can reach the affected tissues, and those cells that do find their way to 
the area cannot act very effectively without oxygen.   
 
Some of the most dangerous microbes in wounds are anaerobic, which means that they 
thrive in the absence of oxygen.  HBOT can help counteract infection indirectly by 
providing the white blood cells with the oxygen they need.  It can also act directly by 
killing anaerobic organisms, stopping their multiplication, and neutralizing the toxins 
that some of them produce (Jones, H.P.  The role of oxygen and its derivatives in 
bacterial killing and inflammation.  In Gottlieb, S.F., Longmuir, I.S. and Totter, J.R. 
(eds): Oxygen: An In-Depth Study of its Pathophysiology.  Bethesda, Maryland: 
Undersea Medical Society, 1984; pp. 493-516) (Hohn, D.C.  Host resistance of Infection: 
established and emerging concepts.  In Hunt, T.K. (Ed): Wound Healing and wound 
Infection: Theory and Surgical Practice.  New York:  Appleton-Century-Crofts, 1980; pp. 
264-280).  HBOT also helps antibiotics such as sulfa drugs work more effectively (Van 
Meter, K., Lasater, S., Whidden, S.J. et al.  Hyperbaric oxygen therapy and wound 
healing.  Curr Con Wound Care, 1986; Fall: 7-10) (Keck, P.E., Gottlief, S.F. and Conley, 
J.  Interaction of increased pressure of oxygen and sulfonamides on the in vitro and in 
vivo growth of pathogenic bacteria.  Undersea Biomed Res 1980; 7: 95-106) (Adams, 
K.R., Sutton, E.E. and Mader, J.T.  In vitro potentiation of tobramycin under hyperoxic 
conditions.  Undersea Biomed Res 1987; 14(suppl): 37) (Adams, K.R. and Mader, J.T.  
Aminoglycoside Poetentiation with adjunctive hyperbaric oxygen therapy in 
experimental Pseudomonas aeruginosa osteomyelitis.  Undersea Biomed Res 1987; 
14(suppl): 37) (Norden, C.W. and Kleti, e.  Experimental osteomyelitis caused by 
Pseudomonas aeruginosa.  J Infect Dis 1980; 141: 71-75). 
 
Oxygen is essential in the creation of granulation tissue, the pink, fleshy tissue that 
first grows over a healing wound (Hunt, T.K., Zederfeldt, T.B. and Goldstick, T.K.  
Oxygen and healing.  Am J Surg 1969; 118: 521).  Granulation tissue can be seen within 
seven to ten days of starting a patient on HBOT.  By thirty days, this tissue becomes 
densely supplied with blood vessels (Winter, G.D. and Perrins, D.J.D.  Effects of 
hyperbaric oxygen treatment on epidermal regeneration .  In Wada, J. and Iwa, T. (Eds): 
Proceedings of the Forth International congress on Hyperbaric Medicine.  Baltimore:  
Williams and Wilkins, 1969; pp. 363-368).  Oxygen also promotes the growth of 
collagen, the material of which skin and connective tissue are formed.  Collagen, in turn, 
forms the bed on which new capillaries are created.  Therefore, the more collagen is 
produced, the more quickly the new skin’s blood supply is created. 
 
It encourages bone repair.  Bone repair depends on the action of osteoclasts, cells that 
dispose of dead bone, and osteoblasts, cells that create new bone.  In turn, these cells 
depend on a rich supply of oxygen. 
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HBOT’s effectiveness in minimizing tissue death, reducing swelling, and promoting 
healing has been proven in the laboratory (Strauss, M.B., Hargens, A.R., Gershuni, 
D.H., Hart, G.B. and Akeson, W.H.  Delayed use of hyperbaric oxygen for treatment of a 
model anterior compartment syndrome.  J Ortho Res 1986; 4: 108-111) (Nylander, G., 
Lewis, D., Nordstrom, H. and Larson, J.  Reduction of postischemic edema with 
hyperbaric oxygen.  Plast Reconstr Surg 1985; 76: 595-603) (Kivisaari, J. and Niinikoski, 
J.  Effects of hyperbaric oxygenation and prolonged hypoxia on the healing of open 
wounds.  Acta Chirurg Scand 1975; 141: 14-19).  Seven teams of researchers published 
reports in English language medical journals about the successful use of HBOT for 
crush injuries and compartment syndrome.  All the patients – including 93 trauma 
cases – showed extensive benefits.  And a series of reports from the Eastern European 
medical literature, 634 cases in all, also attested to the benefits of HBOT. 
 
The earlier and more frequently HBOT is used, the more likely it is that severely 
injured body parts will be saved (Strauss, M.B. and Hart, G.B.  Crush injury and the 
role of hyperbaric oxygen.  Top Emer Med 1984; 6: 9-24) (Shupak, A., Gozal, A.A. et al.  
Hyperbaric oxygenation in acute peripheral posttraumatic ischemia.  J Hyper Med 1987; 
2: 7-14) (Strauss, M.B. and Hart, G.B.  Hyperbaric oxygen and the skeletal-muscle 
compartment syndrome.  Contemp Ortho 1989; 18: 167-174). 
 
One of the most respected trauma surgery units in the world is the Department of 
Microsurgery at the University of Liege Hospital in Belgium.  The Liege doctors were 
convinced that HBOT helped them heal difficult wounds and save reattached limbs 
that would otherwise have not been healed or saved. 
 
9.0.6 Infection Therapeutic Adjunct 
 
Throughout the course of human history, infection has been one of the leading causes of 
death.  Infectious diseases such as bubonic plague have decimated civilizations.  
Humankind began to win the war on infection with the development of sulfa drugs in 
the 1930s and penicillin in the 1940s.  HBOT has proven itself to be a useful treatment 
for some of these infections. Oxygen acts as a potent antibiotic.  Oxygen dissolved in 
the blood improves the ability of special scavenger white blood cells, called phagocytes, 
to rid the body of bacteria and other foreign proteins.  Since HBOT forces oxygen into 
the body’s tissues, it has a distinct antimicrobial effect that is equal to or better than that 
of numerous antibiotics. 
 
HBOT helps fight all microorganisms, but especially those that thrive in the absence 
of oxygen.  There is evidence that HBOT, because of its immune system-enchancing 
effects, can help the body fight these microbes (Gottlieb, S.F., Rose, N.R., Maurizi, J. 
and Lamphier, E.H.  Oxygen inhibition of growth of Mycobacterium tuberculosis.  J 
Bacteriol 1964; 87: 838-843) (Gottlieb, S.F. and Pakman, L.M.  Effect of high oxygen 
tensions on the growth of selected, aerobic, gram-negative bacteria.  J Bacteriol 1968; 95: 
1003-1010) (Gottlieb, S.F., Solosky, J.A., Aubrey, R. and Nedelkoff, D.D.  Synergistic 
action of increased oxygen tensions and PABA-folic acid antagonists on bacterial growth.  
Aerosp Med 1974; 45: 829-833) (Keck, P.E., Gottlieb, S.F. and Conley, J.  Interaction of 
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increased pressures of oxygen and sulfonamides on the in vitro and in vivo growth of 
pathogenic bacteria.  Undersea Biomed Res 1980; 7: 95-106) (Adams, K.R., Sutton, T.E. 
and Mader, J.T.  In vitro potentiation of tobramycin under hyperoxic conditions.  
Undersea Biomed Res 1987; 14(suppl): 37) (Adams, K.R. and Mader, J.T.  
Aminoglycoside potentiation with adjunctive hyperbaric oxygen therapy in experimental 
Pseudomonas aeruginosa osteomyelitis.  Undersea Biomed Res 1987; 14(suppl): 37) 
(Norden, C.W. and Kleti, E.  Experimental osteomyelitis caused by Pseudomonas 
aeruginosa.  J Infect Dis 1980; 141: 71-75) (Babior, B.M.  Oxygen-dependent killing by 
phagocytes.  New Eng J Med 1978; 298: 659-668) (Jones, H.P.  The role of oxygen and 
its derivatives in bacterial killing and inflammation.  In Gottlieb, S.F., Longmuir, I.S. and 
Totter, J.R. (Eds): Oxygen: An In-Depth Study of its Pathophysiology.  Bethesda, 
Maryland:  Undersea Medical Society, 1984; pp. 493-516) (Hohn, D.C.  Host resistance 
of infection: established and emerging concepts.  In Hunt, T.K. (ed): Wound Healing and 
Wound Injection: Theory and Surgical Practice.  New York: Appleton-Century-Crofts, 
1980; pp 264-280). 
 
Gas gangrene is a painful condition in which the body’s soft tissues are destroyed by 
toxins produced by bacteria.  It is usually caused by microbe called Clostridium 
perfringens, which is implicated in 80 to 90% of all cases of gas gangrene.  About 
1,100 Americans die of gas gangrene each year.   

Injury results in hypoxia, or lack of oxygen in the tissues.  The bacteria thrive under these 
conditions, and produce toxins that cause swelling.  The swelling further diminishes the 
supply of both blood and oxygen to the area.  That keeps the immune system from 
functioning properly, which in turn allows the disease to spread and produce even more 
toxins. 
 

 

The high levels of oxygen, with HBOT, lead to the death or inactivation of the 
microbes.  However, dead tissue creates toxins that can keep HBOT from doing its job, 
which is why surgery is often necessary for HBOT to work most effectively. Once the 
dead tissue is removed, the oxygen can act freely against the bacteria (Fischer, B., Jain, 
K.K., Braun, E. and Lehrl, S.  Handbook of Hyperbaric Oxygen Therapy.  Berlin: 
Springer-Verlag, 1988) (Van Unnik, A.J.M.  Inhibition of toxin production in 
Clostridium perfringens in vitro by hyperbaric oxygen.  Antonie Leeuwenhoek Microbiol 
1965; 31: 181-186) (Schoemaker, G. Oxygen tension measurements under hyperbaric 
conditions.  In Boerema, I., Brummelkamp, W.H. and Meijne, N.G. (Eds): Clinical 
Applications of Hyperbaric Oxygen.  Proceedings of the First International Congress on 
Hyperbaric Oxygen.  Amsterdam: Elsevier, 1964; pp 330-335) (Kivisaari, J. and 
Niinikoski, J.  Use of silastic tube and capillary sampling technique in the measurement 
of tissue PO2 and PC02.  Am J Surg 1973; 125: 623-627) (Sheffield, P.J.  Tissue oxygen 
measurements.  In Davis, J.C. and Hunt, T.K. (eds): Problem Wounds: The Role of 
Oxygen. New York: Elsevier, 1988; pp. 17-51) (Demello, F.J., Hashinmoto, T., 
Hitchcock, C.R. and Haglin, J.J.  The effect of hyperbaric oxygen on the germination and 
toxin production of Clostridium perfringens spores: In Wada, J. and Iwa, J.T. (Eds): 
Proceedings of the Fourth International Congress of Hyperbaric Medicine.  Baltimore: 
The Williams & Wilkins Col, 1970; p. 276). 
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More than 4,000 cases of gas gangrene treated with HBOT have been reported in 
medical journals.  Here are conclusions taken from just a few of these studies: 

• In one study, there was a survival rate of 88.3% among 248 patients who received 
HBOT (Bakker, D.J.  Clostridial myonecrosis.  In Davis, J.C. and Hunt, T.K. 
(Eds):  Problem Wounds: The Role of Oxygen.  New York: Elsevier, 1988; pp. 
153-172). 

• A study by Dr. M.E. Ellis and Dr. B.K. Mandal analyzed the cases of 58 patients 
who had failed to respond to antibiotics and surgery, and who were considered to 
have poor prognoses.  After these patients received HBOT, there was a survival 
rate of 84%.  Survivors showed a marked improvement in their conditions (Ellis, 
M.E. and Mandal, B.K.  Hyperbaric oxygen treatment: 10 years’ experience of a 
regional infectious disease unit.  J Infect Dis 1971; 6: 187-190). 

• In another study of 139 patients treated with HBOT, there was a survival rate of 
70%.  Eighty percent of the survivors were able to avoid amputations (some 
patients had more than one limb involved) (Hart, G.B., Lamb, R.C. and Strauss, 
M.B.  Gas gangrene I.  A. collective review.  II.  A 15-year experience with 
hyperbaric oxygen.  J Trauma 1983; 23: 991-1000). 

 
9.0.7 Lyme Disease 
 
Lyme disease is a tick-borne illness with a wide array of symptoms.  It is named for the 
town of Old Lyme, Connecticut, where it was first describe in 1975. 
 
Lyme disease is caused by a corkscrew-shaped bacterium called a spirochete, usually 
Borrelia burgdorferi.  The spirochete is carried by the deer tick, a tiny creature that in 
the adult stage is about the size of a sesame seed. 
 
The first sign of Lyme disease is a usually painless skin rash called erythema migrans 
at or near the site of the bite.  This rash, which generally has a bull’s-eye appearance, 
develops within a week after the bite occurs. 
 
If the disease is not detected early, the body’s own cells tend to protect the Lyme 
spirochete against antibiotics.  Thus, even when very strong drugs are used, the 
spirochete may not be completed destroyed. 
 
Studies suggest that HBOT works against Lyme disease by attacking the spirochete 
itself (Austin, F.  Maintenance of infective Borrelia burgdorferi Sh-2-82 in four percent 
oxygen/five percent carbon dioxide in vitro.  Cardio J of Microbiol 1993; 39(12): 1103-
1110) (Burgdorfer W. National Institutes of Health, Rocky Mountain Laboratory.  
Personal letter 10 September, 1996) (Schwan, T.  National Institutes of Health, Rocky 
Mountain Laboratory.  Personal letter, 21 August 1996). 
 
Preliminary evidence of HBOT’s effectiveness against Lyme disease in humans was 
provided by a pilot study conducted by Dr. William Fife and Dr. Donald Freeman at 
Texas A&M University (Fife, W.P. and Freeman, D.M.  Preliminary Clinical Study on 
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the Use of Hyperbaric Oxygen Therapy for the Treatment of Lyme Disease.  College 
Station, Texas:  Texas A&M University Hyperbaric Laboratory, 1997 (submitted for 
publication). 
 
The use of HBOT in the treatment of Lyme disease is a relatively recent development.  
Therefore, no standard treatment plan yet exists.  Nevertheless, the study by Dr. Fife and 
Dr. Freeman, preliminary as it is, indicates great promise for the use of HBOT in this 
area. 
 
HBOT can be employed to treat a variety of other infections.  Three of those infections 
are streptococcal infections, leprosy and actinomycosis. 
 
In deeper tissues, a streptococcal infection can cause necrotizing fascitis, a severe 
infection of the body’s connective tissue, or myositis, a muscle infection. 
 
Leprosy, also known as Hansen’s disease, is a chronic bacterial disease that, contrary to 
common belief, is not very contagious.  It affects mainly the peripheral nerves and the 
skin.  Leprosy was the first infectious disease to be treated with HBOT: in 1938, 
doctors in Brazil gave it to 9 patients, with good results (Ozorio de Almeida, A. and 
Costa, H.M.  Treatment of leprosy by oxygen at high pressure associated with methylene 
blue.  Revist de Leprologia 1938; 6: 237-265).  Two later studies showed positive results 
(Duenas, F.C.  Die fruhdiagnose, therapie and forschung in der lerabekamfung. [The 
diagnosis, therapy and investigation of leprosy].  Das Offentliche Gesundheitswese 1969; 
12: 667-671) (Wilkinson, F.F., Rosasco, S.A., Calori, B.A., Equia, O.F. and Rubio, R.A.  
Conclusions preliminaries sobre el uso del oxygeno hiperbaro en lepr lepromatosa. 
{Preliminary conclusions on the use of hyperbaric oxygen in leprosy].  Revist de 
Leprologia 1970; 7: 459-471). 
 
Actinomycosis, or lumpy jaw, is an infection caused by a bacterium called 
Actinomyces israelii.  It mostly occurs among those who work with animals, as both 
cattle and hogs can transmit the disease to human beings. 
 
HBOT has proved to be a superb therapy for this fungal infection (Manheim, S.D., 
Voleti, C., Ludwig, A. and Jacobson, J.H.  Hyperbaric oxygen in the treatment of 
actinomycosis.  JAMA 1969; 210(3): 552-553). 
 
9.0.8 Burns 
Each year, over 40,000 Americans are burned badly enough to require skin grafts for 
survival.  There are also 80,000 burn victims each year who don’t need skin transplants 
but who do need medical assistance.  HBOT can help burn patients heal faster with 
fewer complications (Wada, J., Ikeda, T., Kamada, K., et al.  Oxygen hyperbaric 
treatment for severe CO poisoning and severe burns in coal mines (Hokutan-Yubari) gas 
explosion.  Igaku Jpn 1965; 54: 68) (Grossman, A.R.  Hyperbaric oxygen in the treatment 
of burns.  Ann Plast Surg 1978; 1 / 2: 163-171). 
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HBOT usefulness in aiding burn recovery has been shown in animal studies (Wells, 
C.H. and Hilton, J.G.  Effects of hyperbaric oxygenation on host burn plasma 
extravasation.  In Davis, J.C. and Hunt T.K. (eds): Hyperbaric Oxygen Therapy.  
Bethesda, Maryland: Undersea Medical Society, 1977; pp. 259-265) (Ketchum, S.A., 
Thomas, A.N. and Hall, A.D.  Angiographic studies of the effect of hyperbaric 
oxygenation on burn wound revascularization.  In Wada, J. and Iwa, T. (eds): Hyperbaric 
Medicine.  Baltimore: Williams and Wilkins, 1969; pp. 388-394) (Ketchum, S.A., 
Zubrin, J.R., Thomas, A.N., et al.  Effect of HBO on small first, second and third degree 
burns.  Surg Forum 1967; 18: 65-67) (Arzinger-Jonasch, H., Sandner, K. and Bittner, H.  
Die widkung hyperbaren sauerstoffs auf brandwunden unterschiedlicher tiefe im 
tierexperiment. [The effect of hyperbaric oxygen on burn wounds of different depths in 
animal experiments].  Z Exp Chir Transplant Kunstliche Organe 1978; 11: 6-10) (Kaiser, 
W., Berger, A., Leith, H. and Heymann, H.  Hyperbaric oxygenation in burns.  Handchir 
Mikrochir Plast Chir 1985; 17: 326-330). 
 
A 1974 study by Dr. G.B. Hart and colleagues looked at 191 human burn patients.  The 
researchers concluded that while HBOT is not a cure-all for burn patients, it can play a 
significant role in a total burn-treatment program (Hart, G.B., O’Reilly, R.R., Broussard, 
N.D., et al.  Treatment of burns with hyperbaric oxygen.  Surg Gynecol Obstet 1974; 139: 
693-696). 
 
Burn expert and plastic surgeon, Dr. Richard Grossman, developed an HBOT treatment 
program at Sherman Oaks Community Hospital in Sherman Oaks, California, in which 
HBOT is given within four hours of the patient’s admission to the burn unit.  Dr. 
Grossman also uses HBOT both before and after operating on burn patients (Grossman, 
A.R.  Hyperbaric oxygen in the treatment of burns.  Ann Plast Surg 1978; 1 / 2: 163-171). 
 
9.0.9 Bone Disorders 
 
Every day, people from all walks of life suffer bone injuries. A bone has three layers of 
tissue:  a spongy inner layer, a rigid middle layer and a tough outer layer.  Bones are rigid 
because of the minerals, mainly calcium, that are found in the middle and outer layers. 
 
The osteoclasts depend on oxygen for proper functioning.  However, injury often 
results in hypoxia, or a lack of oxygen in the body’s tissues.  Osteomyelitis has been 
linked to a lack of blood vessels at the site of a bone infection (Harrelson, J.M. and 
Hills, B.A.  Changes in bone marrow pressure in response to hyperbaric exposure.  
Aerosp Med 1970; 41: 1018-1021) (Niinikoski, J. and Hunt, T.K.  Oxygen tensions in 
healing bone.  Surg Gynecol Obstet 1972; 134: 746-750). 
 
HBOT helps to heal bone disorders by stimulating both the osteoclast and the 
osteoblasts (Hunt, T.K., Zederfeldt, B. and Goldstick, T.K.  Oxygen and healing.  Am J 
Surg 1969; 118: 521-525) (Strauss, M.B.  Refractory osteomyelitis.  J Hyper Med 1987; 
2: 147-159). 
 
 

Page 734 of 931 



Doctors first discovered HBOT’s effectiveness in the treatment of osteomyelitis back in 
1968, in studies done with laboratory rats.  The animals were cured of bone infections 
– with symptoms that included sinus infections, abscesses and bony deterioration – 
through the use of HBOT alone.  No antibiotics were used, and surgery was not 
performed (Hamblin, D.L.  Hyperbaric oxygen: its effect on experimental staphylococcal 
osteomyelitis in rats.  J Bone Joint Surg 1968; 50: 1129-1141). 
 
Dr. Jefferson C. Davis, a leading figure in the early days of hyperbaric medicine, studied 
two groups of patients – 98 in 1977 and 38 in 1986 – at Southwest Texas Methodist 
Hospital.  These patients had refractory chronic osteomyelitis of the spine, extremities, 
pelvis, skull and chest wall.  In over half of all these patients, the infections cleared up 
completely as a result of receiving HBOT.  They remained cured long after a five-year 
follow-up study was completed (Davis, J.C. and Hunt, T.K.  Refractory osteomyelitis of 
the extremities and the axial skeleton.  In Davis, J.C. and Hunt, T.K. (Eds): Hyperbaric 
Oxygen Therapy. Bethesda, Maryland: Undersea Medical Society, 1977; pp. 217-227) 
(Davis, J.C., Heckman, J.D., Delee, J.C. and Buckwold, F.J.  Chronic non-hematogenous 
osteomyelitis treated with adjuvant hyperbaric oxygen.  J Bone Joint Surg 1986; 68: 
1210-1217). 
 

9.0.10 Aseptic Bone Necrosis (ABN) 

Under certain circumstances, bones can become inflamed without being infected.  Such 
an inflammation is called septic bone necrosis (ABN).  This painful condition occurs 
most often among professional divers. Osgood-Schlatter has no known cause, and neither 
does spontaneous ABN.  ABN is essentially a blood-supply problem (Neubauer, R.A., 
Kagan, R.L. and Gottlieb, S.F.  Use of hyperbaric oxygen for the treatment of aseptic 
bone necrosis: a case study.  J Hyoper Med 1989; 4: 69-756). 

In another study, 40 patients suffering from chronic osteomyelitis were treated with 
HBOT as an adjunct to surgery and antibiotics.  The cure rate at the two-year follow-
up examination was 85% (Morrey, B.F., Dunn, J.M., Heimbach, R.D. and Davis, J.  
Hyperbaric oxygen and chronic osteomyelitis.  Clin Orthop 1979; 144: 121-127) 
(Mainous, E.G., Boyne, P.J. and Hart, G.B.  Hyperbaric oxygen treatment of mandibular 
osteomyelitis: Report of three cases.  J Am Dent Assoc 1973; 87: 1426-1430) (Evans, 
B.E., Jacobson, H.H., Pierce, E.C., Friedman, E.W. and Schwartz, A.E.  Chronic 
osteomyelitis of mandible.  NY State J Med 1976; 76(6): 966-967). 
 

 

 
It stands to reason that putting more oxygen in the affected tissues will help halt further 
deterioration and promote healing.  There is evidence that HBOT does indeed help 
patients with ABN. 
 
9.0.11 Fracture Nonunion 
 
HBOT works to heal fracture nonunion by stimulating the production of collagen, a 
tough, fibrous material that fills in the space between the two broken ends of bone.  
Collagen production, in turn, stimulates the production of capillaries, the tiny blood 
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vessels that connect arteries to veins.  The more blood vessels there are in the area, the 
more oxygen and nutrients can be brought to the site of the break.  This additional 
oxygen and nutrient supply reinvigorates the cells that break down old bone and form 
new bone, and stimulates the formation of calcium deposits within the newly formed 
bone (Mainous, E.G.  Osteogenesis enhancement utilizing hyperbaric oxygen therapy.  
HBO Review 1982; 3: 181-185) (Mainous, E.G., Boyne, P.J. and Hart, G.B.  Hyperbaric 
oxygen treatment of mandibular osteomyelitis: Report of three cases.  J Am Dent Assn 
1973; 87: 1`426-1430) (Strauss, M.B., Malluche, H.H. and Faugere, M.C.  Effect of 
hyperbaric oxygen on bone resorption in rabbits.  Seventh Annual Conference on Clinical 
Application of HBO, Anaheim, California, 8-18 June 1982) (Mainous, E.G.  
Osteogenesis enhancement utilizing hyperbaric oxygen therapy.  HBO Review 1982; 3: 
181-185). 
 
HBOT leads to greater cartilage production (cartilage is the material that separates 
bones from each other, such as in the knee) and increased bone formation (Davis, J.C. 
and Hunt, T.K.  Refractory osteomyelitis of the extremities and axial skeleton.  In Davis, 
J.C. and Hunt, T.K. (Eds): Hyperbaric Oxygen Therapy, Bethesda, Maryland: Undersea 
Medical Society, 1977; pp. 217-227) (Kulagin, L.M., Varguzina, V.I., Kirsanove, L.N., et 
al.  Regenerative potentials of tissue under HBO conditions depending on the character of 
the injury.  In Yefun, S.N. (ed): Abstracts of Seventh International Congress of HBO 
Medicine, Moscow, USSR Academy of Sciences, 1981; pp. 326-327) (Tikhilow, R.M., 
Akimov, G.C. and Lotovin, A.P.  Effects of oxygen barotherapy on the regeneration of 
bone tissue.  Orthop Traumatol Protez 1980; 12: 51-52) (Sepnov, V.N. and Uglova, M.V.  
Features of sternum regeneration in autoplasty under conditions of hyperbaric oxygen.  
Orthop Traumatol Protex 1979; 5: 51-53). 
 
Adding HBOT to conventional orthopedic methods shortened the process of bone 
regeneration and wound healing by ten to twelve days (Zavesa, P.X., Shavab, Y.Y. 
and Abduchudonov, S.S.  Effects of local oxygen therapy on reparative regeneration of 
the bone.  Orthop Traumatol Protez 1977; 1: 71-72). 
 
9.0.12 Complications of Radiation Treatment and Skin Surgery 
 
Each year, Americans undergo over 20 million radiation treatments, at an average of 
twenty-four treatments a patient.  Radiation treatment damages cells by interfering 
with their ability to reproduce.  If the cells cannot reproduce, they eventually die.  That is 
why radiation treatment is used to treat cancer in the first place – cancer cells reproduce 
much more rapidly than normal cells do, and are thus more susceptible to radiation than 
normal cells are. 
 
Radiation damage, called radionecrosis, may be the result.  Radionecrosis can be easily 
induced by injury or surgery (even tooth extraction) after the patient has undergone 
radiation treatment. 
 
Until recently, there has been no satisfactory treatment of radiation damage.  HBOT fills 
this long-standing need.  Radiation damage causes hypoxia, or a lack of oxygen in the 
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body’s tissues.  Hyperbaric oxygen helps fight this damage by increasing the amount 
of oxygen within the tissues (Mainous, E.G.  Hyperbaric oxygen in maxillofacial 
osteomyelitis, osteoradionecrosis and osteogenesis enhancement.  In Davis, J.C. and 
Hunt, T.K. (Eds): Hyperbaric Oxygen Therapy. Bethesda, Maryland: Undersea Medical 
Society, 1977; pp. 191-203) (Greenwood, T.W. and Gilchrist, A.G.  Hyperbaric oxygen 
and wound healing in post-irradiation head and neck surgery.  Br J Surg 1973; 50: 394). 
 
Radiation myelitis and radiation encephalopathy are two potential nervous-system 
complications of radiation treatment.  Myelitis is an inflammatory disease that affects 
the entire spinal cord.  This inflammation results in a loss of the cord’s ability to transmit 
nerve impulses, much as if the cord had been severed (Boden, G.  Radiation myelitis of 
the cervical spinal cord.  Br J Radiol 1948; 21: 464). 
 
However, HBOT, if used too soon after radiation treatments are given, can 
aggravate the effects of radiation (Luk, K.H., Baker, D.G. and Fellows, C.F.  
Hyperbaric oxygen after radiation and its effect on the production of radiation myelitis.  
Int J Radiat Oncol bi Phys 1978; 4: 457-3459) (Hopewell, J.W.  Hyperbaric oxygenation 
after irradiation and its effect on the production of radiation myelitis.  Int J Radiat Oncol 
Bio Phys 1979; 5: 1917). 
 
Varying degrees of improvement was observed in all of the patients (Torubarov, F.S., 
Pakhomov, V.I., Krylova, I.V., et al.  Changes in cerebral hemodynamics in patients with 
vascular pathology in the late stages of radiation sickness treated with hyperbaric 
oxygenation.  Zh Neuropatol Psikhiatr 1983; 83:: 28-33). 
 
At least eight months should pass following the last radiation treatment (Hart, G.B. 
and Strauss, M.B.  Hyperbaric oxygen in the management of radiation injury.  In 
Schmutz, J. (ed): Proceedings of the Frist Swiss Symposium on Hyperbaric Medicine.  
Basel, Sweitzerland: Foundation for Hyperbaric Medicine, 1986; pp. 31-51). 
 
48 patients underwent surgery after receiving radiation treatment to the head and neck.  
Their surgical wounds opened up because of radiation-induced damage to the tissues.  
These patients were given HBOT and all except one of the patients improved (Hart, 
G.B. and Strauss, M.B.  Hyperbaric oxygen in the management of radiation injury.  In 
Schmutz, J. (Ed): Proceedings of the First Swiss Symposium on Hyperbaric Medicine. 
Basel, Switzerland: Foundation for Hyperbaric Medicine, 1986; pp. 31-51). 
 
15 patients had radiation damage to the bladder.  Remissions took place in an average of 
twenty-four months, and only one patient failed to respond (Weiss, J.P. and Neville, 
E.C.  Hyperbaric oxygen: primary treatment of radiation-induced hemorrhagic cystitis.  J 
Urol 1989; 142: 43-45).   
 
HBOT was used to treat 20 patients who had radiation damage of the soft tissues.  In 16 
of these patients, the injuries healed (Glassburn, J.R., Brady, L.W. and Plenk, H.P.  
Hyperbaric oxygen in radiation therapy.  Cancer 1977; 39: 751-765). 
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Radiation can also damage bone.  Since bone is 1.6 times denser than soft tissue, it 
absorbs a larger portion of a radiation dose than does soft tissue. 
 
HBOT has proven its worth in the treatment of radiation-induced jawbone damage.  
Hart and Strauss reported on 206 patients who received HBOT as an adjunct treatment.  
Of these patients, 72% responded with excellent results, 10% with good results and 
15% with fair results.  The remaining 3% did not respond (Hart, B.G. and Strauss, M.B.  
Hyperbaric oxygen in the management of radiation injury.  In Schmutz, J. (Ed): 
Proceedings of the First Swiss Symposium on Hyperbaric Medicine. Basel, Switzerland.  
Foundation for Hyperbaric Medicine, 1986; pp. 31-51) (Marx, R.E., Johnson, R.P. and 
Kline, S.N.  Prevention of osteoradionecrosis: a randomized prospective clinical trail of 
hyperbaric oxygen versus penicillin.  J Am Dent Assn 1985; 111: 49-54). 
 
Another fairly common site of radiation-induced bone damage is the spinal column, 
which is made up of 33 vertebrae.  These vertebrae are divided into four groupings – 
neck, chest, lower back and tailbone – and the location of the damage depends on where 
the cancer under treatment is located.  Such damage causes back pain.  There may also be 
impairment to the spinal cord itself.  In a 1986 study, 4 patients with radiation-induced 
vertebrae damage were given HBOT, and some damaged tissue was removed.  All four 
patients recovered (Hart, B.G. and Strauss, M.B.  Hyperbaric oxygen in the management 
of radiation injury.  In Schmutz, J. (Ed): Proceedings of the First Swiss Symposium on 
Hyperbaric Medicine. Basel, Switzerland.  Foundation for Hyperbaric Medicine, 1986; 
pp. 31-51) (Marx, R.E. and Johnson, R.P.  Problem wounds in oral and maxillofacial 
surgery: the role of hyperbaric oxygen.  In Davis, J.C. and Hunt, T.K. (Eds): Problem 
Wounds: The Role of Oxygen.  New York: Elsevier, 1988; pp. 65-123). 
 
HBOT can help assure that skin grafts take hold and scars don’t reveal themselves.  
Healing takes place three times faster than before HBOT became available to plastic 
surgeons. HBOT tends to improve the chances that a graft will take, both by supplying 
oxygen directly to the graft and by encouraging quick capillary growth. 
 
In the case of a pedicle graft, it is important that HBOT be employed before what 
little circulation that is present develops blood clots (Champion, W.M., McSherry, 
C.K. and Goulian, D.  Effect of hyperbaric oxygen on the survival of the pedicled skin 
flaps.  J Surg Res 1967; 7(12) (Boerema, I.  An operating room for high oxygen pressure.  
Surgery 1961; 47: 291-298) (Perrins, J.D.  Hyperbaric oxygenation of ischemic skin flaps 
and pedicles.  In Brown, I.W. and Cox, B.G. (Eds): Proceedings of the Third 
International Congress on HBO Medicine.  Durham, North Carolina: Duke University 
Press, 1966; pp. 613-620) (Perrins, J.D.  Influence of hyperbaric oxygen on the survival 
of split skin grafts.  Lancet 1967; 1: 868-871) (Perrins, J.D.  Influence of hyperbaric 
oxygen on the survival of split skin grafts.  In Wada, J. and Iwa, T. (Eds): Proceedings of 
the Fourth International Congress on HBO Medicine.  London: Baillere, 1970; pp. 369-
376) (Shulman, A.G. and Krohn, H.L.  Influence of hyperbaric oxygen and multiple skin 
allografts on the healing of skin wounds.  Surgery 1967; 62(6): 1051-1058) (Wilmeth, 
J.B. and Gazau, A.  Hyperbaric oxygen as an adjunct to the treatment of orthopedic 
injuries with full thickness grafts.  Seventh Annual Conference on the Clinical 
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Application of HBO, Anaheim, California, 9-11 June 1982). 
 
HBOT can also help speed the healing of skin ulcers, especially chronic ulcers caused 
by a lack of oxygen.  It has been known since 1969 that even moderately elevated levels 
of oxygen may be effective in such situations (Bass, B.H.  The treatment of varicose leg 
ulcers by hyperbaric oxygen.  Postgrad Med J 1970; 46: 407-408) (Fisher, B.H.  
Hyperbaric oxygen for skin ulcers.  Roche Med Image Commentary, 1969) (Olejniczak, 
S.  Employment of low hyperbaric therapy in management of leg ulcers.  Mich Med, 
1969) (Rosenthal, A.M.  Treatment of patients with pressure sores in the hyperbaric 
chamber.  Proceedings of the American Congress of Rehabilitation in Medicine.  New 
York, 1970).  HBOT not only helps the body develop new circulation in the wound 
area, as it does in skin grafts, but also inhibits or kills surface bacteria on the ulcers. 
 
9.0.13 Carbon Monoxide Poisoning 
 
Carbon monoxide – a colorless, odorless gas – is the most common cause of death by 
poisoning.  Thousands of American die of carbon monoxide poisoning every year, 
and more than 10,000 people miss at least one day of work because of exposure to carbon 
monoxide.  The gas is produced by motor vehicles, defective gas appliances, and 
factories.  It is also produced during fires and mining accidents, and by propane-powered 
equipment.  Also, methylene chloride, the active ingredient in paint thinner, is converted 
to carbon monoxide by enzymes in the liver. 
 
Animal studies clearly demonstrated that hyperbaric oxygen could drive carbon 
monoxide out of its bonds with hemoglobin (Valois, J.D. and Schade, J.P.  An 
electrophysiological study of histotoxic anoxia under normal and hyperbaric conditions.  
In Bourg H. and Ledingham, I.M.C. (eds.) Carbon Monoxide Poisoning.  New York:  
Elsevier, 1967; pp. 183-197) (Araki, R., Nashimoto, I. and Takano, T.  The effect of 
hyperbaric oxygen on cerebral hemoglobin oxygenation and dissociation rate of 
carboxyhemoglobin in anesthetized rats: spectroscopic approach.  Adv Ex Med Biol 
1988; 222: 375-381).   
 
Children, the elderly and pregnant women are more susceptible to the effects of 
carbon monoxide.  All of these people can be helped by HBOT. A pregnant woman is 
especially prone to the effects of carbon monoxide because the fetus, which absorbs 
carbon monoxide through the placenta, eliminates the gas slowly. 
 
Hydrogen sulfide is a highly toxic gas that is readily recognized by its characteristic 
“rotten eggs” odor.  In high concentrations, it can cause death.  At lower concentrations, 
it can irritate the eyes, throat and lungs.  Hydrogen sulfide can also cause headache, 
weakness, convulsions, a feeble pulse and a fall in both body temperature and blood 
pressure.  Chronic low-level exposure can bring on headache, nausea, confusion, 
insomnia, dry mouth, tearing, abdominal cramps and throat and chest irritation. 
 
Hydrogen sulfide has a number of industrial applications, including use as a bleaching 
agent.  Most poisoning cases result from industrial exposure. Like carbon monoxide, 
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hydrogen sulfide ties up the hemoglobin in the body’s oxygen carrying red blood cells, 
which reduces the amount of oxygen that reaches the tissues.  This loss of oxygen 
produces swelling of the brain, which can cause brain damage. 
 
Many chemicals can produce methemoglobinemia, a condition in which red blood cells 
cannot carry their normal amount of oxygen because hemoglobin, the oxygen-bearing 
chemical they contain, is damaged or occupied by an interfering molecule other than 
oxygen.  This condition degrades the ability of the body’s tissues to get all the 
oxygen they need.  Chemicals that can produce methemoglobinemia include nitrites and 
nitrates, used as preservatives in food and medicines, potassium chloride, used in 
fertilizer, potassium permanganate, used in dyes and deodorizers, drugs such as 
phenacetin, nitroglycerine and local anesthetics; and aniline dyes.  
 
Methemoglobinemia usually produces no symptoms, but is associated with collapse, 
coma and death when it affects more than 65% of the blood’s hemoglobin.  While such 
deaths are rare, nonfatal levels of methemoglobinemia can cause people to function at 
less than full capacity. 
 
The heart and the major blood vessels, such as the aorta, make up only half of the 
circulatory system.  The other half is made up of thousands of blood vessels throughout 
the body.  When disease occurs in these blood vessels, it is called peripheral vascular 
disease (PVD).  PVD may be a sign of a serious underlying condition, such as diabetes or 
heart disease.  PVD can also have serious consequences, such as limb loss (Dawber, T.R.  
The Framingham Study.  Boston:  Harvard University Press, 1980; pp. 62-75).  In the  
United States, according to the Department of Labor, PVD is responsible for more than 
6 million person-days a year of lost work time (Dinkel, R., Bochner, K. and Pampuro, 
M.  Socio-economic importance of vein disorders.  Health Econ. LTD, Health Service 
Consultants, Basle, Switzerland.  Ninth World Congress of Phlebology, Kyoto, Japan, 
22-26 September, 1986). 
 
HBOT helps patients with PVD in several ways (Jain, K.K.  Hyperbaric oxygen therapy 
in cardiovascular diseases.  In Jain, K.K. (Ed): Textbook of Hyperbaric Medicine.  
Toronto: Hogrefe & Huber, 1990; pp. 334-335).  The use of hyperbaric oxygen leads to 
the development of new capillaries, tiny blood vessels linking arteries and veins.  
This dissolved oxygen is more readily used by the body than the oxygen that is normal 
carried by the red blood cells (Fredenucci, P.  Oygenotherapie hyperbare en patholgie 
vasculaire.  19 annees d’expeience.  [Nineteen years of experience with hyperbaric 
oxygenation and vascular pathology].  IXth Congress of European Undersea Biomedical 
Society, Barcelona, Septemeber, 1983) (Fredenucci, P.  Arteriopathies et O.H.B.  
Medecine du Dud-Est 6300-6306, 1982).   
 
As a result of the additional oxygen, the tissues functional more normally.  The effects 
of HBOT can readily be seen in the way the patient’s skin and nail beds steadily turn pink 
or red in color (Kindwall, E.P.  Hyperbaric Medicine Procedures.  Milwaukee, 
Wisconsin: St. Luke’s Hospital, 1979; p. 17).  HBOT also improves the blood’s chemical 
properties (Yefuni, S.N., Lyskin, G.I. and Fokin, T.S.  Hyperbaric oxygenation is 
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treatment of peripheral vascular disorders.  Int Angiol 1985; 4: 207-209) (Fischer, B. and 
Wein, Den Hammer, W.  Selsbstbeurtei-lungsskala fur leichte formen der zerebralen 
insuffizienz [Self-review scale for light forms of cerebral insufficiency] In Lehrl, S. and 
others (Eds):  Diagnose und therapiekontrolle von organisetten Psychosyndromen.  Vless, 
Holland: Ehensberg, 1972) (Dormandy, J.A., Hoare, E., Colley, J., Arrowsmith, D.E. and 
Dormandy, T.L.  Clinical homodynamic, rheological and biochemical finds in 126 
patients with intermittent Claudication.  BMJ 1973; 4: 576) (Di Perri, T.  Rheological 
factors in circulatory disorders.  Angiology 1979; 30: 480), and appears to reduce the 
blood’s tendency to clump. 
 
In the 1980s and into the 1990s, additional doctors found HBOT to be useful in treating 
PVD. In France, Dr. P. Fredenucci worked with 2,021 patients between 1966 and 1983, 
and found that proper blood flow to under-oxygenated parts of the body was revived 
in 40% of the patients treated with HBOT (Fredenucci, P. Oxygenotherapie 
hyperbasrre et arteriopathies. [Hyperbaric oxygen in the treatment of arteriopathologies]. 
J Mal Vasc 1985; 10(Suppl A): 16-172).  Other studies found that HBOT healed skin 
ulcers (Gerad, R., Fredenucci, P., Barthelemy, L., Bourde, J., Lamy, J., Jouve, A. and 
Appaix, A.  L’oxygene hyperbare dans le traitement des arteriopathies. [Hyperbaric 
oxygen in the treatment of arteriopathologies].  Arch Mal Coeur 1967; 4: 472-483) 
(Kostiunin, V.N., Pankomov, V.I., Feoktistov, P.L., et al.  Increasing the effectiveness of 
hyperbaric oxygenation in the treatment of patients with stage IV arterial occlusive 
disease of the lower limbs.  Vestn Khir 1985; 135: 48-51) (Baroni, G., Porro, T., Fuglia, 
E., et al. Hyperbaric oxygen in diabetic gangrene treatment.  Diabetes Care 1987; 10: 81-
86) (Belov, K.V., Isakov, Y.V. and Alyabaiev, V.S.  Efficacy of hyperbaric oxygenation 
on the activity of succinated hydrogenase and cytochrome oxidase of visceral organs in 
intestinal obstruction.  Anesteziol Reanimatol 1986; 5: 44-46) (Urayama, H., Takemura, 
H., Kasaima, F., et al. Hyperbaric oxygen therapy of chronic occlusive disease of the 
extremities.  Nippon Geka Gakkai Zasshi  1992; 993: 429-433) (Kovacevic, H.  The 
investigation of hyperbaric oxygen influence in the patients with second degree of 
atherosclerotic insufficiency of lower extremities.  Ph.D. diss., University of Rieka, 
Croatia, 1992). 
 
9.0.14 HIV infection 
 
The rate of progression from the initial HIV infection to fully developed acquired 
immune deficiency syndrome (AIDS) depends upon the individual; it can take from 
eighteen months to more than 10 years.  Women tend to develop AIDS more quickly 
than men.  A patient has AIDS when the level of T-cells, a type of immune-system cell, 
drops to less than 200 in every milliliter of blood. 
 
HIV and its cofactors (the viruses that often accompany HIV) also impair the cells that 
line the blood vessels.  This damage can result in blockages of both small and large 
vessels.  These obstructions can reduce the flow of blood to the limbs, brain and heart.  
Indeed, transient ischemic attacks (TIAs), strokes, and heart attacks are common among 
patients with AIDS.  Daily TIAs increase as the disease progresses, resulting in mental 
impairment, loss of muscle control, decreased memory and reduced independence. 
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The blood vessel blockages produced by herpes and other viruses have been relieved 
by HBOT for decades (Jain, K.K.  Textbook of Hyperbaric Medicine.  Toronto: Hogrefe 
& Huber, 1995; pp. 317-341).  
 
Kaposi’s sarcoma has been linked to one of the many human herpes viruses by 
Patrick Moore and Yuan Chang (Williams, S.  The social stigma and health risks of 
Kaposi’s sarcoma are giving way to a treatment revolution.  Poz August 1997; pp. 72-
85).  It is an opportunistic viral infection that attacks both externally and internally.  It is 
usually treated with chemotherapy and, often, radiation.  HBOT is recommended as an 
adjunct treatment to reduce the side effects of these therapies in the management of 
certain cancers (Jain, K.K.  Textbook of Hyperbaric Medicine.  Toronto:  Hogrefe & 
Huber, 1995; pp. 446-463).  And, as Michelle Reillo has documented in AIDS Under 
Pressure (Hogrefe & Huber, 1997), HBOT is extremely beneficial in the treatment of 
Kaposi’s sarcoma in patients with HIV/AIDS (Reillo, M.  AIDS Under Pressure.  
Kirkland, Washington: Hogrefe & Huber, 1997; pp. 51-53).  Michelle Reillo has found 
that patients with AIDS who regularly use preventative HBOT and drug therapy develop 
PCP less often (Reillo, M.  AIDS Under Pressure.  Kirkland, Washington: Hogrefe & 
Huber, 1997; pp. 39-45). 
 
Paul Sharp of Britain's University of Nottingham told an AIDS conference on 6/8/05, in 
Durban that the latest research indicated that chimpanzees -- humanity's closest living 
relative -- were an important but increasingly endangered resource for scientists hoping to 
better understand the HIV virus.  Research into HIV history also reveals the 
astonishing complexity of the virus and its ability to mutate and recombine with 
other strains -- continually producing "new and improved" versions that outpace 
mankind's efforts at treatment, he said.  "What we know about how the virus evolves 
is not very good news for therapies and vaccines ... it is going to be very difficult," Sharp 
said.  
 
9.1 Hyperbaric Oxygen therapy (HBOT) 
 
Some of the following materials were excerpted or modified from the following article:  
Delaney, J. and Montgomery, D. How can hyperbaric oxygen contribute to treatment?  
The Physician and Sportsmedicine, Vol. 29, No. 3, March 2001. 
 

 

Hyperbaric oxygen (HBO2) is used in a sports medicine setting to reduce hypoxia and 
edema and appears to be particularly effective for treating crush injuries and acute 
traumatic peripheral ischemias. When used clinically, HBO2 should be considered as an 
adjunctive therapy as soon as possible after injury diagnosis. Treatment pressures for 
acute traumatic peripheral ischemia range from 2.0 to 2.5 atmospheres absolute 
(ATA), with a minimum of 90 minutes for each treatment. 

In America, HBO2 chambers were first used as a treatment for deep-sea divers who 
experienced decompression sickness.  The Undersea and Hyperbaric Medical Society 
(UHMS) has evaluated the use and effectiveness of HBO2 for different medical 

Page 742 of 931 



conditions.  Currently, the UHMS approves HBO2 for 13 medical conditions as follows: 

Air or gas embolism  

Carbon monoxide poisoning  

Clostridial myositis and myonecrosis (gas gangrene)  

Crush injury, compartment syndrome, and acute traumatic ischemia  

Decompression sickness  

Enhancement of healing in selected problem wounds  

Exceptional blood loss (anemia)  

Intracranial abscess  

Necrotizing soft-tissue infections  

Osteomyelitis (refractory)  

Radiation injury (delayed)  

Skin grafts and flaps (compromised)  

Thermal burns  

Normally, 97% of the oxygen delivered to body tissues is bound to hemoglobin, 
while only 3% is dissolved in the plasma. At sea level, barometric pressure is 1 ATA, 
or 760 mm Hg, and the partial pressure of oxygen in arterial blood (PaO2) is 
approximately 100 mm Hg. At rest, the tissues of the body consume about 5 mL of 
O2 per 100 mL of blood.  

During HBO2 treatments, barometric pressures are usually limited to 3 ATA or lower. 
The oxygen content of inspired air in the chamber is typically 95% to 100%. The 
combination of increased pressure (3 ATA) and increased oxygen concentration (100%) 
dissolves enough oxygen in the plasma alone to sustain life in a resting state. Under 
hyperbaric conditions, oxygen content in the plasma is increased from 0.3 to 6.6 mL 
per 100 mL of blood with no change in oxygen transport via hemoglobin. HBO2 at 
3.0 ATA increases oxygen delivery to the tissues from 20.0 to 26.7 mL of O2 per 100 
mL of blood. 

Increased oxygen delivery to the tissues is believed to facilitate healing through a 
number of mechanisms.  
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9.1.1 Vasoconstriction. High tissue oxygen concentrations cause blood vessels to 
constrict, which can lead to a 20% decrease in regional blood flow (Marino PL: Oxygen 
transport, in Marino PL (ed): The ICU Book, ed 1. Philadelphia, Lea & Febiger, 1991, pp 
14-24). In normoxic environments, tissue hypoxia may develop; however, this is not the 
case with HBO2. The decrease in regional blood flow is more than compensated for 
by the increased plasma oxygen that reaches the tissue. The net effect is decreased 
tissue inflammation without hypoxia--a mechanism by which hyperbaric oxygen 
therapy is believed to improve crush injuries, thermal burns, and compartment syndrome.  

9.1.2 Neovascularization and epithelialization. High tissue oxygen concentrations 
accelerate the development of new blood vessels (Boerema I, Meyne NG, Brummelkamp 
WK, et al: Life without blood: a study of the influence of high atmospheric pressure and 
hypothermia on dilution of the blood. J Cardiovasc Surg 1960;1:161-164). This can be 
induced in both acute and chronic injuries. Regenerating epithelial cells also function 
more effectively in a high-oxygen environment and these effects have proven effective in 
treating tissue ulcers and skin grafts. 

9.1.3 Stimulation of fibroblasts and osteoclasts. In a hypoxic milieu, fibroblasts are 
unable to synthesize collagen, and osteoclasts are unable to lay down new bone. 
Collagen deposition, wound strength, and the rate of wound healing are affected by the 
amount of available oxygen. Ischemic areas of wounds benefit most from the increased 
delivery of oxygen. HBO2 increases tissue levels of oxygen, allowing for fibroblasts and 
osteoclasts to function appropriately. This mechanism may play a role in the treatment of 
osteomyelitis and slowly healing fractures.  

9.1.4 Immune response. When tissue oxygen tensions fall below 30 mm Hg, host 
responses to infection and ischemia are compromised (Weiss EL: Connective tissue in 
wound healing, in McCulloch JM, Kloth LC, Feedar JA (eds): Wound Healing: 
Alternatives in Management, ed 2. Philadelphia, FA Davis Co, 1994, pp 16-31). Studies 
have shown that the local tissue resistance to infection is directly related to the level 
of oxygen found in the tissue (Hammarlund C: The physiologic effects of hyperbaric 
oxygenation, in Whelan HT, Kindwall EP (Eds): Hyperbaric Medicine Practice, Ed 2. 
Flagstaff, Arizona, Best Pub Co, 1995, pp 37-68) (Jonsson K, Jensen JA, Goodson WH 
III, et al: Tissue oxygenation, anemia, and perfusion in relation to wound healing in 
surgical patients. Ann Surg 1991;214(5):605-613).  

High oxygen concentrations may prevent the production of certain bacterial toxins and 
may kill certain anaerobic organisms such as Clostridium perfringens. More important, 
however, oxygen aids polymorphonuclear leukocytes (PMN). Similar to the 
administration of hydrogen peroxide, oxygen is believed to aid the migration and 
phagocytic function of the PMN (Hunt, T.K., Zederfeldt, B. and Goldstick, T.K.  Oxygen 
and healing. Am J Surg 1969; 118(4): 521-525).  Oxygen is converted within the PMN 
into substrates (superoxides, peroxides, and hydroxyl radicals) that are lethal to bacteria.  
These effects on the immune system allow HBO2 to aid the healing of soft-tissue 
infections and osteomyelitis.  
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HBO2 has also been found to inhibit PMN adherence on postcapillary venules 
(Gottrup F, Firmin R, Hunt TK, et al.  The dynamic properties of tissue oxygen in healing 
flaps. Surgery 1984; 95(5): 527-536). Although this may seem like a paradox, this effect 
is beneficial because it helps limit reperfusion injury after crush injury and compartment 
syndrome.  

9.1.5 Maintaining high-energy phosphate bonds. When circulation to a wound is 
compromised, resultant ischemia lowers the concentration of adenosine triphosphate 
(ATP) and increases lactic acid levels. ATP is necessary for ion and molecular 
transport across cell membranes and maintenance of cellular viability. Increased 
oxygen delivery to the tissue with HBO2 may prevent tissue damage by decreasing the 
tissue lactic acid level and helping maintain the ATP level. This may help prevent tissue 
damage in ischemic wounds and reperfusion injuries. 

Increasing pressure in HBO therapy is often expressed in multiples of 
atmospheric pressure absolute (ATA); 1 ATA equals 1 kg/cm2 or 735.5 mm Hg. 
Most HBO treatments are performed at 2 to 3 ATA. In air embolism and 
decompression sickness, where pressure is crucial to therapeutic effect, treatments 
frequently start at 6 ATA. 
 
This additional pressure, when associated with inspiration of high levels of 
oxygen, substantially increases the level of oxygen dissolved into blood plasma. 
This state of serum hyperoxia is the second beneficial effect of hyperbaric oxygen 
therapy. 
 
9.1.6 Hyperoxia: Life without Blood 
 

 

At sea level in room air, hemoglobin is approximately 97% saturated with 
oxygen (19.5 vol% oxygen, of which approximately 5.8 vol% is extracted by 
tissue). The amount of oxygen dissolved into plasma is 0.32 vol%.  An 
increase in PO2 has a negligible impact on total hemoglobin oxygen content; 
however, it does result in an increase in the amount of oxygen dissolved     
directly into plasma.  With 100% inspired oxygen the amount of plasma 
oxygen increases to 2.09 vol%.  At 3 ATA plasma contains 6.8 vol% oxygen, 
a level equivalent to the average tissue requirements for oxygen.  Thus, HBO 
treatment could and has sustained life without hemoglobin. (Boerema, I., Meyne, 
N.G., Brummelkamp, W.K., et al.  Life without blood: a study of the influence of 
high atmospheric pressure and hypothermia on dilution of blood.   J Cardiovasc 
Surg 1960; 1: 133-146). 
 
The immune system, wound healing, and vascular tone are all affected by oxygen 
supply.  Oxygen alone has little direct antimicrobial effect, even for most 
anaerobes (Tally, F.P., Stewart, P.R., Sutter, V.L. and Rosenblatt, J.E.  Oxygen 
tolerance of fresh clinical anaerobic bacteria. J Clin Microbiol 1975; 1: 161-164); it 
is, however, a crucial factor in immune function. 
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Neutrophils require molecular oxygen as a substrate for microbial killing.  The 
oxidative burst seen in neutrophils after phagocytosis of bacteria involves a 
10-to 15-fold increase in oxygen consumption. (Badwey, J.A and Karnovsky, 
M.L.  Active oxygen species and the functions of phagocytic leukocytes.  Ann 
Rev Biochem 1980; 49: 695-726). 
 
Here oxygen serves as a substrate in the formation of free radicals, which directly 
or indirectly initiate phagocytic killing (Forman, H.J. and Thomas, M.J.  Oxidant 
production and bactericidal activity of phagocytes.  Ann Rev Physiol 1986; 48: 
669-680). 
 

 

This endogenous antimicrobial system virtually ceases functioning under 
conditions of hypoxia. A tissue PO2 of at least 30 mmHg of oxygen is 
considered necessary for normal oxidative function to occur (Hohn D.C., 
MacKay, R.D., Halliday, B. and Hunt, T.K.  The effect of O2 tension on the 
microbicidal function of leukocytes in wounds and in vitro. Surg Forum 1976; 27: 
18-20).     
 
Oxygen partial pressures below 30 mmHg are often seen in damaged and 
infected tissues. Increasing the oxygen level in this tissue can allow restoration of 
white blood cell function and return of adequate antimicrobial action (Knighton, 
D.R., Halliday, B. and Hunt, T.K.  Oxygen as an antibiotic:  the effect of inspired 
oxygen on infection. Arch Surg 1984; 119: 199-204). 

The cardiovascular effects of hyperbaric oxygen include a generalized 
vasoconstriction and a small reduction in cardiac output (Risers, J. and Tyssebotn, 
I.  Hyperbaric exposure to a 5 ATA He-N2-O2 atmosphere affects the cardiac 
function and organ blood flow distribution in awake trained rats. Undersea   
Biomed Res. 1986; 13: 77-90). This ultimately may decrease the overall blood 
supply to a region, but the increase in serum oxygen content results in an 
overall gain in delivered oxygen. In conditions such as burns, cerebral edema, 
and crush injuries, this vasoconstriction may be beneficial, reducing edema and 
tissue welling while maintaining tissue oxygenation (Nylander, G., Lewis, D., 
Nordstrom, H. and Larsson, J.  Reduction of postischemic edema with hyperbaric 
oxygen. Plast Reconstr Surg 1985; 76: 596-601). 
  
9.1.7 COMPLICATIONS 
 
Usual complications of HBO therapy are a result of either barometric pressure 
changes or oxygen toxicity. The most common complications involve cavity 
trauma due to change in pressure. Any air-filled cavity that cannot equilibrate 
with ambient pressure, such as the middle ear when the eustachian tube is 
blocked, is subject to deformity and barotrauma during pressure changes in HBO 
therapy. 
 
Pneumothorax is a rare complication of HBO treatment, usually occurring only 
in patients with severe lung disease. 
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Air embolism, presumably resulting from a small tear in the pulmonary 
vasculature, is another rare complication.  One hundred percent oxygen under 
high pressure is neurotoxic and can lower the seizure threshold and affect central 
nervous system control of respiration. However, neurotoxicity is rare with the     
low-pressure, short-duration treatments used clinically in HBO therapy. In one 
series the incidence was reported as 1.3 seizures per 10 000 treatments.  
 
Pulmonary oxygen toxic reactions can occur with 100% inspired oxygen at less 
than 1 ATA with prolonged exposure. Almost all patients will show pulmonary 
toxicity after 6 continuous hours of inspired oxygen at 2 ATA (Clark, J.M., 
and Lambertson, C.J.  Pulmonary oxygen toxicity:  a review. Pharmacol Rev 
1971; 23: 37-133).  [15] No clinical HBO protocol requires this length of 
continuous exposure to 100% oxygen.  However, HBO treatments may contribute 
to the pulmonary oxygen toxicity seen in critically ill patients who receive high 
concentrations of inspired oxygen between hyperbaric treatments. 
 
Although a concern in premature newborns, retrolental fibroplasia has not been 
noted in infants, children, or adults undergoing HBO therapy (Nichols, C.W. 
and Lambertsen, C.J.  Effects of high oxygen pressures on the eye.  N Engl J Med 
1969; 291: 25-30).  Development of cataracts has been reported in patients 
receiving more than 150 HBO treatments (Palmquist, B.M., Phillipson, B. and 
Barr, P.O.  Nuclear cataract and myopia during hyperbaric oxygen therapy.  Br J 
Ophthalmol 1984; 68: 113-117). 

  

9.1.8 Crohn's Disease, Ulcerative Colitis and Hyperbaric Oxygen Therapy 

Non-specific ulcerative colitis and Crohn's disease are difficult chronic inflammatory 
bowel diseases. Their treatment can often be frustrating for both the physician and the 
patient. 

Crohn's disease is associated with certain disorders affecting other parts of the body such 
as gallstones and inadequate absorption of nutrients. When Crohn's disease causes a 
flare-up of gastrointestinal symptoms, the person may also experience inflammation 
of the joints (arthritis).   I believe that this is due to the fact that both diseases are 
based on deficiency levels of EMODs.  Rheumatoid arthritis is a disease with intense 
inflammation. 

Under chronic inflammation there are microcirculation disorders in bowel mucosa, 
hypoxia (lack of oxygen) and changes in catecholamine and other metabolic factors. 

These factors are the reason to use HBO combined with conventional medical 
management in the treatment of this disease where medication alone has not relieved 
symptoms to a satisfactory degree (Brady CE et al. healing of severe perineal and 
cutaneous Crohn's disease with hyperbaric oxygenation. Gastronenterology 1989;97:756-
60). 
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HBO2 limits the amount of inflammation in the bowels, lowers the CRP values, 
lowers Sedimentation values and lowers the WBC values. The pain is alleviated, the 
patient’s weight improves, and bowel movements return almost to normal. The pain is 
relieved because hypoxia causes release of pain neurotransmitters and correction of 
the hypoxic conditions results in decreased pain. Although the mechanism is not 
clearly understood, HBO2 should be considered in treatment of Crohn's Disease not 
responding to conventional treatments (Nelson EW, et al. Closure of refractory perineal 
Crohn's lesion; integration of hyperbaric oxygenation into case management. Digestive 
Diseases and Sciences 1990;35:1561-1565). 

When failure of HBO2 treatment occurred in trial studies it became quite clear as to the 
two reasons for the failures:  

1. HBO2 was used at the late stages of the disease.  
For a long time before the hyperbaric oxygenation the hormonotherapy was 
used.  This refers to steroid use, which would produce a state of 
immunosuppression and reduced levels of EMODs. 

2. 

In the study published in Proceeding of the Tenth International Congress on Hyperbaric 
Medicine the remission of patients treated with HBO2 prolonged until 4-5 years in 
49% of the cases, the improvement was noted in 37%. Later none of the patients 
treated with HBO needed operative intervention as compared with the patients treated 
only with drugs. The considerable improvement induced by HBO treatments allowed 
some patients to receive lower doses of drugs and in most cases to cease the 
hormonotherapy. 

Perchance,  
if we are capable of identifying and eliminating  

the “death gene,” we will still  
have to deal with change. 

Change is the only universal constant,  
other than predation and universal ignorance. 

R.M. Howes, M.D., Ph.D. 
5/11/05 

 
 
9.2       49 Radiation, Hormesis, RONS, Cancer and Aging 
 
9.2.1 Radiation Effect on T Cells 
 
The exact site of the EMODs (reactive oxygen species) formation induced by irradiation 
has been so far unknown.   
 
The site of EMODs formation following T cell irradiation of 5 Gy has been 
confirmed to be apparently located in mitochondria and/or lysosomes, instead of in 
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the nucleus. Moreover, as lysosomal swelling and the increased fluorescence around the 
lysosomes was observed in a time-dependent manner, an involvement of lysosomal 
membrane destabilization in the apoptotic process in irradiated T cells is considered to be 
clearly demonstrated in the study (Ogawa Y, Takahashi T, Kobayashi T, Toda M, 
Nishioka A, Kariya S, Seguchi H, Yamamoto H and Yoshida S: Comparison of radiation-
induced reactive oxygen species formation in adult articular chondrocytes and that in 
human peripheral T cells: possible implication in radiosensitivity. Int J Mol Med 11, 455-
459, 2003. 
 
 
As ionizing radiation has been shown to induce DNA damage in a variety of cells, they 
postulated that the origin of the apoptosis of T cells might be oxidative DNA damage, 
and partly demonstrated this in a previous study.  Ogawa et al, also examined EMOD 
formation induced in T lymphocytes following 5 Gy of 10 MV X-ray irradiation and 
succeeded in showing that EMODs formation occurred immediately after irradiation, 
and apparently prior to the oxidative DNA damage of T lymphocytes, though the 
site of EMODs formation in the 5 Gy radiation-induced apoptosis of T cells seemed 
to be different from the nuclei of the cells (Ogawa Y, Kobayashi T, Nishioka A, Kariya 
S, Hamasato S, Seguchi H and Yoshida S: Radiation-induced reactive oxygen species 
(ROS) formation prior to oxidative DNA damage in human peripheral T cells. Int J Mol 
Med 11: 149-152, 2003) 
 
9.2.2 Hydrogen Peroxide Effect on T Cells 
 
In a previous study, Ogawa et al. examined the mechanism of the apoptotic resistance of 
human articular chondrocytes (Ogawa Y, Kobayashi T, Nishioka A, Kariya S, Hamasato 
S, Seguchi H and Yoshida S: Radiation-induced reactive oxygen species (RONS) 
formation prior to oxidative DNA damage in human peripheral T cells. Int J Mol Med 11: 
149-152, 2003) and the human osteosarcoma cell line HS-Os-1 (2), and found that 
EMODs (reactive oxygen species) formation and oxidative DNA damage were 
scarcely seen after irradiation of up to 30 Gy in these cells. These findings were in 
obvious contrast to those for human peripheral T cells and malignant lymphoma cells, 
which are highly susceptible to apoptosis following a relatively small dose of 
irradiation. This pronounced difference in radiosensitivity between apoptotic-resistant 
cells such as adult articular chondrocytes and osteosarcoma cells, and apoptotic-
susceptible cells, such as human peripheral T cells and malignant lymphoma cells, is 
therefore thought to involve their different levels of EMODs formation following 
irradiation, and this difference, in turn, may result from a difference in the ability of these 
two kinds of cells to scavenge free radicals, including hydroxyl radicals. As human 
peripheral T cells lack peroxidase activity, these cells are considered to be easily 
susceptible to oxidative stress such as exogenous hydrogen peroxide. 
 
9.2.3 EMODs and Irradiation 
 
EMODs formations induced by hydrogen peroxide showed different distribution 
patterns from those induced by 5 Gy-irradiation (Ogawa Y, Kobayashi T, Nishioka A, 
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Kariya S, Ohnishi T, Hamasato S, Seguchi H and Yoshida S: Reactive oxygen species-
producing site in radiation-induced apoptosis of human peripheral T cells: Involvement 
of lysosomal membrane destabilization. Int J Mol Med 13: 69-73, 2004). 
 
The work of Ogawa shows that the effect of radiation and H2O2 (EMODs) are, 
indeed, different in the living/breathing cell.  I have said for a long time that the 
energetics are completely different for these two modalities and thus, it would be 
illogical to expect their products to be exactly the same.   

Exposure of eukaryotic cells to ionizing radiation (IR) results in the immediate 
formation of free radicals that last a matter of milliseconds. It has been assumed that 
the subsequent alterations in multiple intracellular processes following irradiation is due 
to the initial oxidative damage caused by these free radicals. However, it is becoming 
increasingly clear that intracellular metabolic oxidation/reduction (redox) reactions 
can be affected by this initial IR-induced free radical insult and may remain 
perturbed for minutes, hours, or days. This is also seen with PDT and with the Howes 
Singlet Oxygen Cancer Therapy system.   

It would seem logical that these cellular redox reactions might contribute to the 
activation of protective or damaging processes that could impact upon the damaging 
effects of IR. These processes include redox sensitive signaling pathways, transcription 
factor activation, gene expression, and metabolic activities that govern the formation of 
intracellular oxidants and reductants. The physiological manifestations of these 
radiation-induced alterations in redox sensitive processes have been suggested to 
contribute to adaptive responses, bystander effects, cell cycle perturbations, 
cytotoxicity, heat-induced radiosensitization, genomic instability, inflammation, and 
fibrosis. While a great deal is known about the molecular changes associated with the 
initial production of free radicals at the time of irradiation, the contribution of 
perturbations in redox sensitive metabolic processes to biological outcomes following 
exposure to IR is only recently been investigated, leading to the concept that 
perturbations in intracellular metabolic oxidation/reduction reactions contribute to 
the biological effects of radiation exposure (Spitz D.R.; Azzam E.I.; Jian Li J.; Gius D. 
Metabolic oxidation/reduction reactions and cellular responses to ionizing radiation: A 
unifying concept in stress response biology: Basic radiation research into the new 
millennium (Guest Editor: Michael C. Joiner). Cancer and Metastasis Reviews, August 
2004, vol. 23, no. 3-4, pp. 311-322(12)).  This effect would explain the long term changes 
seen with PDT. 

9.2.4 Oxygen and Pain 

Some of the following material was excerpted, abstracted or modified from: The Oxygen 
View of Pain:  Every chronic pain is some cells’ cry for oxygen.  By Majid Ali, M.D.  
  
Oxygen is the most influential substance of human biology and is intricately involved in 
the aging process. It is the elixir of life and is not a molecular Dr. Jekyll and Mr. Hyde. 
BEMODs are signaling messengers for cellular life as well as apoptosis. Dr. Ali states 
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that, “It is important to recognize that oxygen drives chronic pain pathways primarily by 
its absence.”  I take issue with the semantics used here.  The absence of a substance 
does not drive anything since that something is not there at all. A deficiency state of 
oxygen can “allow” for other activities to occur, such as occurs with deficiency states of 
RONS in cancer manifestations.  Thus, oxygen deficiency “allows” for pain 
manifestation.  This is an ingenious method to notify the body that something is wrong.  
This also points out the crucial need to have adequate levels of oxygen in all parts of the 
body at all times.  It is so crucial that the body has evolved a “pain system” to alert us 
of inadequate levels of oxygen.  This can occur in angina, inflammation, infections, 
traumatic injuries, etc.  This is beautiful!   
 
A large number of pain neurotransmitters are involved in clinical expression of pain, 
including: substance P; enkephalins; neurokinin 1, 2, and 3; serotonin; adenosine 
triphosphate (ATP); nitric oxide; calcitonin; vasoactive intestinal peptides; 
epinephrine, norepinephrine, and related sympathomimetic agents; glutamic acid, 
aspartic acid, and related excitatory transmitters; and GABA, glycine, and related 
inhibitory transmitters (Katz B. Nerve, Muscle, and Synapse. 2nd. ed. 1966. New York. 
McGraw-Hill.) (Salerno, Evelyn, and Joyce S. Willens, eds. Pain Management 
Handbook: An Interdisciplinary Approach. St. Louis: Mosby, 1996).  Some excitatory 
transmitters concerned with chronic pain include glutamic acid and aspartic acid, 
which are involved with dorsal horn sensitization through activation of NMDA receptors, 
while inhibitory transmitters participate in mechanisms that prevent or diminish pain. It 
seems safe to predict that future work will establish that, directly and indirectly, all those 
molecular species are triggered or influenced by oxygen deficit.  To me, this is 
incredible and emphasizes the importance of oxygen to the aerobic-dependent life 
forms.   

I believe that this can be interpreted to mean that it is oxygen, itself or EMODs, 
which holds the release of pain neurotransmitters in abeyance, just as we have seen 
that it is EMODs which hold cancer and atherosclerosis in abeyance. 
 
9.2.5 Oxygen and Pain Neurotransmitters 
 
Neurotransmitters transmit information across synapses — regions separating neurons 
from adjoining neurons, as well as neurons from the muscle cells. These substances are 
stored in the bulbous ends of axons, and are released by electrical impulses traveling 
along the nerves to those ends. Upon their release, neurotransmitters either facilitate or 
inhibit continued electrical impulses along the nerve fibers on the other side of the 
synapse. Over 300 molecular species have been recognized to be involved in 
neurotransmission (Verbunt J, Seelen H, Vlaeyen J, et al. Disuse and deconditioning in 
chronic low back pain: concepts and hypotheses on contributing mechanisms. Eur J Pain 
2003;7:9-21). 

Next to oxygen and serotonin, substance P (SP) is the best examined of all the pain 
neurotransmitters, and its relationship with oxygen deficit has been most clearly 
described (Krause JE, Takeda Y, Hershey AD. Structure, functions, and mechanisms of 
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substance p receptor action. J Invest Dermatol. 1992;98:2S-7S) (Pernow B. Substance P. 
Pharmacol Rev. 1983;35:85-141) (Bolton TB, Clapp LH. Endothelial-dependent relaxant 
actions of carbachol and substance p in arterial smooth muscle. Br J Pharmacol. 
1986;87:713-723 (Diz DI, Fantz DL, Benter IF, Bosch SM. Acute depressor actions of 
angiotensin II in the nucleus of the solitary tract are mediated by substance P. Am J 
Physiol. 1997;273:R28-R34) (Naoko Kanda and Shinichi Watanabe . Substance P 
Enhances the Production of Interferon-induced Protein of 10 kDa by Human 
Keratinocytes in Synergy with Interferon- Journal of Investigative Dermatology 119, 
1290-1297 (2002).  
 
It is an 11-residue peptide (decapeptide substance P (DSP)) belonging to the tachykinin 
sub-family of G-protein-coupled receptors (GPCR). Those receptors form a class of 
integral membrane proteins. Serotonin in the mammalian brain and receptors of the 
olfactory epithelium that binds odorants are two other members of this family of 
receptors. 
 
Oxygen deficit “allows” the release of substance P (Kim DK, Oh EK, Summers BA, 
Prabhakar NR, Kumar GK. Release of substance P by low oxygen in the rabbit carotid 
body: evidence for the involvement of calcium channels. Brain Res. 2001 Feb 
23;892(2):359-69) (Chen MJ, Chiang LY, Lai YL. Reactive oxygen species and 
substance P in monocrotaline-induced pulmonary hypertension. 1: Toxicol Appl 
Pharmacol. 2001;171:165-73). Decreasing concentrations of oxygen were associated with 
the release of increasing amounts of SP.  Specifically, the carotid bodies contain SP — 
in concentrations ranging from 1.4 to 1.6 ng/mg protein — that is released in response 
to tissue hypoxia. The amount of SP released from the carotid bodies increases in 
proportion to the severity of hypoxia. The release of SP by hypoxia is a calcium-
dependent process, and is primarily mediated by N- and L-type Ca2+ channels.  
 
Other suggestions for the fundamental role of oxygen deficit in the causation of pain 
include the following: (1) skin lactate levels are increased in complex regional pain; (2) 
SP increases protein extravasation in regional chronic pain states15; (3) intradermal 
injection of epinephrine causes local pain (due to vasoconstriction and consequent 
oxygen deficit) (Ali Z, Raja S, Wesselmann U, et al. Intradermal injection of 
norepinephrine evokes pain in patients with sympathetically maintained pain. Pain 
2000;88:161-8).   (4) a tissue hypoxia occurs in complex regional pain syndrome (Koban 
M, Leis S, Schultze-Mosgau S, et al. Tissue hypoxia in complex regional pain syndrome. 
Pain 2003;104:149-57).   (5) ascorbic acid reduces pain in reflex sympathetic 
dystrophy (Zollinger P, Tuinebreijer W, Kreis R, et al. Effect of vitamin C on frequency 
of reflex sympathetic dystrophy in wrist fractures: a randomized trial. Lancet 
1999;354:2025-8) and (6) certain other free radial scavengers also reduce pain in 
complex regional pain states — the mechanism of action of antioxidants being 
restoration of local oxygen homeostasis (I do not go along with this interpretation) 
(Perez R, Zuurmond W, Bezemer P, et al. The treatment of complex regional pain 
syndrome type I with free radical scavengers: a randomized controlled study. Pain 
2003;102:297-307). 
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Substance P exerts varied effects on different tissues. It is excitatory to the carotid body. 
Release of larger amounts of SP in the lungs is associated with pulmonary hypertension, 
an effect that is attenuated by antioxidants. In the nasal mucosa, hyperbaric oxygen 
decreases immunoreactivity to substance P (DiSabato F, Giacovazzo M, Cristalli G, et al. 
Effect of hyperbaric oxygen on the immunoreactivity to substance P in the nasal mucosa 
of cluster headache patients. Headache 1996;36:221-3). Not unexpectedly in light of the 
oxygen/SP dynamics, oxyradicals under certain conditions also trigger the release of 
substance P. By contrast, antioxidants, such as ascorbic acid, inhibit the release of 
SP. However, the relationships between antioxidants and SP are complex. Hence, 
capsaicin increases regional perfusion and oxygen delivery, inhibiting the release of 
SP.  However, it is also known to increase SP release in the lung.  

Oxidants also have complex relationships with SP. For example, nitric oxide serving as 
an oxidant modulates histamine release from tissue mast cell and circulating basophils, 
and so contributes to pain caused by histamine (A. C. Brooks, C. J. Whelan and W. M. 
Purcell. Reactive oxygen species generation and histamine release by activated mast 
cells: modulation by nitric oxide synthase inhibition. British Journal of Pharmacology 
128:585-590 (1999) (Fusco BM, Fiore G, Gallo F, et al. "Capsaicin-sensitive" sensory 
neurons in cluster headache: pathophysiological aspects and therapeutic indication. 
Headache 1994;34:132-7).  On the other hand, nitric oxide, through its vasodilator 
role, improves oxygen transport, decreases the release of SP, and mitigates some 
pain syndromes.  
 

Substance P also has complex relationships with enzymes and hormones (Pascual J, 
Peralta G, Sanchez U. Preventive effects of hyperbaric oxygen in cluster headache. 
Headache 1995;35:260-1).  Increased amounts of erythrocyte 2,3-diphosphoglycerate 
(2,3 DPG) caused by chronic hypoxia is associated with increased release of SP. 
Since chronic hypoxia increases the concentration of 2,3-DPG, this provides yet another 
mechanism by which oxygen deficit causes pain.  Oxygen’s absence, both triggers a 
mechanism for correcting that problem (by increasing 2,3-DGP production) and sends 
out messages to other cellular systems for participation in that effort (by inducing the 
production of SP). Acute depressor actions of angiotensin II in the nucleus of the solitary 
tract are mediated by SP. An insight into the possible interactions between SP and 
hormones is indicated by the complementary roles of SP and calcitonin gene-related 
peptide in the causation of phantom and ischemic pains. 
 
An interesting aspect of the oxygen/substance P dynamics is revealed by the case of the 
East African naked mole-rats (Heterocephalus glaber). This rat species lacks 
substance P and does not appear to suffer pain when tormented (Mendizabal JE, 
Umana E, Zweifler RM. Cluster Headache: Horton's Cephalalgia Revisited. South Med J 
1998;91:606-17 [review]). The rats feel no immediate pain when cut, scraped or 
subjected to heat stimuli. They only feel some aches. However, when the rats get a shot 
of SP, pain signaling resumes working as in other mammals.  
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Pain is a sensory perception intricately linked to the emotional state of the person. Pain is 
not a disease but it can indicate disease. Pain in different cultures means different things 
to different people. Direct oxygen therapies, such as oxygen by mask and hyperbaric 
oxygen, have been successfully used in controlling headaches and migraine attacks 
(Fogan L. Treatment of cluster headache. A double-blind comparison of oxygen v air 
inhalation. Arch Neurol 1985;43:362-3) (Kudrow L. Response of cluster headache 
attacks to oxygen inhalation. Headache 1981;21:1-4) (DiSabato F, Fusco BM, Pelaia P, 
Giacovazzo M. Hyperbaric oxygen therapy in cluster headache. Pain 1993;52:243-5). 
Specifically, in one double-blind trial breathing 100% oxygen for 15 minutes or less 
during headache episodes controlled or significantly reduced the pain of acute 
cluster attacks in all subjects. Not surprisingly, one fourth of the study participants 
experienced cluster attacks soon after the treatment was stopped, since various elements 
lowering oxygen homeostasis were not corrected. Administration of higher 
concentrations of oxygen during the postoperative period relieves or reduces the 
intensity of postoperative pain. It appears to both reduce the release of substance P and 
influence pain inhibitory pathways in the peripheral nerves. Correlation between urinary 
substance P and bladder pain has been documented.  
 
I believe that aging’s combinatorial factors collectively contribute to overall hypoxia 
resulting in lowered levels of oxygen, which increases the elderly’s degree of pain.  This 
may at last help explain the generalized pain and multiple pain sites experienced by the 
elderly.  They hurt because of hypoxia and their bodies have a way of telling 
them so. 

In summary, anginal chest pain is relieved or mitigated by the administration of 
oxygen, as are attacks of headache and migraine.  Treatments that restore oxygen 
homeostasis, including ozone, hydrogen peroxide, singlet oxygen, and related treatments 
can help prevent, diminish or relieve diffuse tissue pain in fibromyalgia. 

9.3 Antihypertensive Drugs may be related to Cancer 

Their neurochemistry alerts them of gradual onset of hypoxia, which turns into perpetual 
hypoxia, which is accompanied by the frequency of pain manifestation.  

Apparently, something so simple as cooling of forehead diminishes sympathetic tone, 
increases regional blood supply (correcting oxygen deficit), and relieves certain types of 
pain associated with dysautonomia (Stanton-Hicks M, Janig W, Hassenbusch S, et al. 
Reflex sympathetic dystrophy: changing concepts and taxonomy. Pain. 1995;63:127-33. 
Also: Drummond P D. Involvement of the sympathetic nervous system in complex 
regional pain syndrome. ijl.sagepub.com/cgi//reprint). 

 
If hypertension aids in getting oxygen into organs and tissue, I believe that it is 
conceivable that antihypertensive drugs help create EMOD deficiency states in 
various tissues and organs.  I believe that this may be manifested by the appearance 
of cancer, arthritis, increased pain perception, diabetes, cataracts, etc. A cursory 
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examination of the literature reveals that this may not be such a far fetched idea. 
 

The idea that hypertension is in some way linked to cancer is under controversial 
discussion. A recent review of the issue revealed that, indeed, raised blood pressure 
per se or its treatment may confer a low-grade risk for several malignancies 
(Hamet P. Cancer and hypertension. an unresolved issue. Hypertension 1996; 28: 321-
324). In 1960, de Waard et al. were the first to suggest that there might be an 
association between hypertension and breast cancer, speculating that certain hormonal 
mechanisms were responsible for both conditions (de Waard F, de Laive JWJ, 
Baanders-van Halewijn EA. On the bimodal age distribution of mammary carcinoma. 
Br J Cancer 1980; 14: 437-448). Subsequently, three retrospective studies indicated a 
possible association between the use of reserpine, the antihypertensive drug of first 
choice in those days, and breast cancer (Boston Collaborative Drug Surveillance 
Program. Reserpine and breast cancer. Lancet 1974; 2: 669-671) (Armstrong B, Stevens 
N, Doll R. Retrospective study of the association between use of rauwolfia derivatives 
and breast cancer in English women. Lancet 1974; 2: 672-674) (Heinonen OP, Shapiro 
S, Tuominen L, Turunen MI. Reserpine use in relation to breast cancer. Lancet 1974; 2: 
675-677).  

Some of the following material was excerpted, abstracted or modified from:  (Stumpe, 
Klaus O. Hypertension and the risk of cancer: is there new evidence? Journal of 
Hypertension: Volume 20(4) April 2002 pp 565-567).
 

 
However, strong clinical and scientific interest in a possible association between raised 
blood pressure and cancer was not aroused until after the first prospective study carried 
out by Dyer et al. (Dyer AR, Barkson DM, Stamler J, Lindberg HA, Stevens E. High 
blood-pressure: a risk factor for cancer mortality? Lancet 1975; 1: 1051-1056) some 25 
years ago). Among a cohort of white males followed for 14 years, these authors found 
that both systolic and diastolic blood pressures were significantly associated with 
subsequent mortality from cancer of the lung, colon and all other sites combined, 
even after adjustment for age, cholesterol and smoking. A careful examination of 
the possibility that antihypertensive medication (in particular reserpine) was 
responsible for the excess mortality indicated no evidence that this was the case. 
Subsequently, several prospective studies, most of which have been confined to men, 
have addressed the issue of hypertension and total cancer mortality (rather than 
incidence), and have provided further evidence indicating the possibility that 
hypertension in itself is a significant risk factor for the development of cancer. 
However, many uncertainties regarding a possible connection between hypertension 
and cancer still exist, mainly concerning cancer site specificity, sex, age and duration of 
the disease, and also complex interactions with other factors, including smoking, 
obesity, diabetes, alcohol and diet.  
 
With respect to cancer site specificity, the organ most frequently related to pre-existing 
hypertension, even in long-term prospective studies, is the kidney, but positive 
relationships with blood pressure were also reported for cancer of the colon, lung and 
even the endometrium. It has been suggested that some classes of antihypertensive 
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agents may be carcinogenic and be associated with increased cancer risk, 
particularly renal cancer (Taylor JA, Cornoni-Huntley J, Curb JD, Manton KG, 
Ostfeld AM, Scherr P, Wallace B. Blood pressure and mortality risk in the elderly. Am 
J Epidemiol 1991; 134: 489-501) (Fraser GE, Phillips RL, Beeson WL. Hypertension, 
antihypertensive medication and risk of renal carcinoma in California Seventh-Day 
Adventists. Int J Epidemiol 1990; 19: 832-837) (Yu MC, Mack TM, Hanisch R, Ciconi 
C, Henderson BE. Cigarette smoking, obesity, diuretic use and coffee consumption as 
risk factors for renal cell carcinoma. J Natl Cancer Inst 1986; 77: 351-356).  
 
A recent review by Grossmann et al. (Grossman E, Messerli FH, Goldbourt U. 
Antihypertensive therapy and the risk of malignancies. Eur Heart J 2001; 22: 1343-
1352) revealed that, with the exception of diuretics and renal cell carcinoma (risk ratio 
1.54), the association between antihypertensive drugs and malignancy was either low-
grade (rauwolfia), uncertain (atenolol), absent (angiotensin-converting enzyme 
inhibitors), or absent with a yet to be investigated inverse association (calcium 
antagonists). The reported association between diuretic use and renal cell 
carcinoma remains problematic.  
 
Therefore, ongoing and future studies assessing the outcome of antihypertensive 
therapy should pay attention to the effects of these agents on extra-cardiovascular 
morbidity, and mortality such as malignancies. As to a possible carcinogenic effect 
of calcium antagonists, the results obtained from large and methodologically robust 
studies failed to provide support for the hypothesis that the use of calcium antagonists is 
associated with an increased susceptibility for cancer incidence, and the existing data 
make it unlikely that calcium antagonists increase the risk of any malignancy. 
 
In this issue of the journal, Lee et al. (Lee SY, Kim MT, Jee SH, Soo lm J. Does 
hypertension increase mortality risk from lung cancer? A prospective cohort study on 
smoking, hypertension and lung cancer risk among Korean men. J Hypertens 2002; 20: 
623-628) make an important observation that provides support for a link between 
hypertension and the risk of lung cancer. The authors present the results of an 
analysis of a huge database obtained from a prospective observational study of more 
than 450 000 Korean men of whom no less than 58.3% were identified as smokers and 
20.8% were ex-smokers. During the 5-year follow-up (1995-99), 883 (0.19%) 
individuals (mean age 45.4 years) died from lung cancer. Hypertension increased the 
mortality risk of lung cancer by 30%. However, after stratification of smoking status, 
the risk ratio of hypertension on lung cancer was only increased for smokers (risk 
ratio 1.4). Interestingly, on introducing interaction terms in the multivariate model used, 
the authors discovered a significant interactive effect of hypertension with current 
smoking on lung cancer risk (risk ratio 1.8) but were unable to qualify hypertension per 
se as an independent risk factor. Lower body mass index, lower serum-cholesterol, no 
exercise and an increased alcohol consumption (risk ratio up to 1.8) were all identified 
as risk factors related to cancer mortality in their own right. No significant effect of 
hypertension treatment status on lung cancer risk was observed, a finding consistent 
with data obtained in other recent prospective studies.  
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Unfortunately, nothing is known about the classes of antihypertensive drugs used in the 
hypertensive study population. Therefore, the possibility that the increased risk of 
mortality from lung cancer was attributable in part to some kind of 
antihypertensive medication cannot be excluded. Because of the small percentage of 
subjects (1.8%) who had a history of taking drugs for raised blood pressure, it was 
probably impossible for the authors to trace subjects to obtain incidence rates of lung 
cancer among those assigned to the various classes of antihypertensive agents compared 
with those assigned no treatment. A limitation of the study might be the relatively short 
follow-up period of 5 years. The relationship between blood pressure and cancer may 
differ with respect to follow-up time. A recent prospective study revealed an inverse 
relationship between cancer and blood pressure in the first 5 years of follow-up. 
However, in the subsequent follow-up of up to 13 years, a significant positive 
association was seen between systolic blood pressure (but not diastolic blood pressure) 
and risk of cancer mortality. This positive relationship was only seen in current 
smokers, a finding in agreement with the conclusion of Lee et al. that hypertension 
increases susceptibility to lung cancer only in the presence of smoking. 
 
At present, the nature of the relationship between hypertension and cancer is uncertain, 
and we do not know of any mechanism of hypertension as a risk factor for any 
malignancy. Genetic predisposition both to hypertension and to cancer might be one 
possibility. It has been suggested that cell-death by apoptosis, the process used to 
'eliminate' cells (e.g. for example, preneoplastic, initiated, or damaged cells) can control 
the growth of vascular smooth muscle cells, and that significant abnormalities are 
observed in hypertension and other cardiovascular disorders. Calcium plays an 
important role in apoptosis and, in many cell types, a sustained rise in cytosolic ionized 
calcium may initiate the apoptotic process. One suggested explanation for the reported 
association between the use of calcium-blockers and cancer is the putative effect of 
these agents on apoptosis; for example, their action as a tumor promoter by interfering 
with the programmed death of DNA damaged cells. However, a comprehensive analysis 
of the basic and clinical evidence does not support a causal relationship between the 
therapeutic use of calcium antagonists and an increased incidence of cancer 
development as a result of interfering with apoptosis.  
 
A recent review of the biosynthesis of hormones by tumors revealed that 
adrenocorticotropic hormone production leading to blood pressure elevation can 
be found in cancer of the lung, pancreas, thyroid and ovary, and in 
neuroblastomas. Similarly, an elevation of adrenocortical hormones has been 
observed in the blood of patients who had cancer at a variety of sites. These 
findings raise the interesting question of the direction of causality in any association 
between hypertension and cancer, and favor the hypothesis that the causal direction is 
from cancer to hypertension rather than the reverse. It is tempting to speculate that 
approaches aimed at preventing the development of hypertension might be important in 
lowering the total burden of both cardiovascular disease and cancer. 
 
Although the data cannot be considered 'new evidence', and the dominant etiological 
role of smoking for lung cancer is well recognized, they provide additional information 
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to the accumulating database indicating that hypertension is linked in some way to 
cancer and warrant the search for factors which affect blood pressure, interact with 
smoking and are potentially carcinogenic. 
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9.4   STRONG POINTS (Quick review) 
 
This section is designed for quick review.  If points of interest are found, 
one can then refer to the text of the book for a broader discussion and 
for references. 

 
Howes Proposes a New Concept  
 
It has occurred to me that superoxide dismutases only convert O2

.- to H2O2 and this 
serves as another huge intra-mitochondrial source for H2O2 production.  MnSOD is 
an intra-mitochondrial “antioxidant enzyme.”  As I will discuss in detail later, SOD 
can be viewed as NOT being an antioxidant enzyme merely because it reduces O2

.-, 
when in actuality, it is creating a more potent oxidant in the process.  SOD is a 
reducing or antioxidant enzyme in name only. The one electron reduction potential 
of O2

.- is -330 mV and the reduction potential is +320 mV for H2O2, respectively.  
Thus, in actuality, SOD is a prooxidant enzyme!   
 
In the US, we spray 1.2 billion pounds of pesticides on our food crops, feed 9 million 
pounds of antibiotics to our farm animals, and dump 90 billion pounds of toxic wastes 
into 55,000 toxic waste sites annually.  There are 5 million registered chemicals in the 
world and humans contact 70,000 of which 20,000 are considered carcinogens. 
 
Synthetic drug adverse reactions rank as the third leading cause of death in the 
United States.   Adverse drug and device reactions (ADRs) account for as many as 
100,000 deaths annually. As many as 98,000 Americans still die each year because of 
medical errors.  
 
About 130 million Americans swallow, inject, inhale, insert, infuse, spray, rub on, 
and pat on prescribed medication every month.   
 

 

From landmark medical studies in the 1990s, the Associated Press states that well over 
125,000 Americans die from drug reactions annually and makes pharmaceuticals 
the 4th leading national cause of death after heart disease, cancer and stroke.  The 
pharmaceutical industry racked up over $250 billion in sales last year, with the vast 
majority in prescriptions.  That equaled sales at all the country’s gasoline stations put 
together or an $850 pharmaceutical bill for every American citizen.   

Hospital patients suffer seven hard-to-foresee adverse drug reactions and another 
three out-right drug mistakes for every 100 admissions (or 10%), estimates Dr. David 
Bates of Boston’s Brigham Hospital.  That translates into 3.6 million drug 
misadventures a year.   
Over 100 million people take dietary supplements in the U.S. and millions more 
consume synthetic drugs on a regular basis.   
 
As many as 98,000 Americans still die each year because of medical errors. 
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I believe that nearly all cellular processes are instinctual!  They are guided by the 
auto-pilot of instinct.  
 
Over 90% of human genes are identical from one individual to another. 
- High levels of the antioxidant bilirubin cause kernicterus and permanent brain 
damage 
 
- The antioxidant β-carotene increases the rate of lung cancer development in 
smokers 
 
- The antioxidant CoQ, ubiquinone, when deleted from the diet of C. elegans, 
increases its lifespan 
 
- SOD/catalase mimetics decrease the lifespan of house flies 

- The antioxidant α-tocopherol, vitamin E, increase the rate and number of heart 
attacks and strokes 

9.   DPPD (does not have a phenolic –OH group) 

 

 
- High levels of the antioxidant, uric acid, cause gout and painful inflammation of 
joints 
 
Biochemical order and sustained homeostasis, especially oxidative homeostasis 
(EMOD-SS), is the realm of life. 

The Cercospora nicotianae SOR1 (singlet oxygen resistance) gene was identified as a 
gene involved in the resistance of this fungus to singlet-oxygen-generating phototoxins.  
The SOR1 gene has not been sequenced in any of the animal genomes thus far and I 
believe it indicates that this is evidence that animals (mammals) have a need for 1O2, 
otherwise, we would have evolved a similar gene to block it. 

2.0    Prooxidants vs. Antioxidants 
 
Unfortunately, most authors have emphasized the potential damage of oxidation; 
whereas, I emphasize the importance of “EMODs prooxidant protection.” 
 
Antioxidant agents which can have prooxidant activity are as follows: 

1.   Vitamin C 
2.   Vitamin E 
3.   Vitamin D 
4.   carotenoids, β-carotene 
5.   polyphenolics 
6.   gallic acid 
7.   uric acid 
8.   human serum ultrafiltrates 

10. green tea 
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11. captopril 
12. pyridoxine 
13. thiamine 
14. carnitine 
15. α-lipoic acid (oxidized form) 
16. dihydro-lipoic acid (reduced form-reduces iron) 
17. coenzyme Q, ubiquinone 
18. NAD(P)H 
19. curcumin (polyphenolic) 
20. melatonin 

 
Obviously, this “antioxidant dual-personality” markedly confuses intelligent 
discussions and interpretation of data and if this is not taken into account, such 
discussions may be meaningless and the data may be mistakenly interpreted, thus, 
producing erroneous conclusions as support for a false theory or hypothesis.  Garry 
Buettner refers to this anti- to prooxidant change as a “cross over effect.” 
 
Chelation of Fe3+ with EDTA actually enhances the reactivity of iron toward 
superoxide. Vitamin C can be a powerful antioxidant as long as metal ions are not 
present, but small amounts of Vitamin C in the presence of metal ions can make 
Vitamin C a dangerous prooxidant. Large amounts of Vitamin C can restore the 
antioxidant function. (Vitamin C has been called an "oxymoron antioxidant").  Here we 
go again with another “paradox.”  

One of the electron carriers, called Coenzyme Q, passes the electron to oxygen 
instead of the next electron carrier, so producing superoxide. 

Superoxide can react with hydrogen peroxide to generate singlet oxygen and 
hydroxyl radicals. 
 
The higher the PMF the lower the rate of electron transport, and vice versa. In turn 
the energy charge, or more precisely ADP concentration, normally determines the rate 
of electron transport by mass action principles.  
 
Too much or too little of any of the orthomolecular or synthetic substances in the 
wrong place and/or at the wrong time, can and does cause problems. 
 
H2O2 was first used as an intravenous infusion in 1920 by a British physician in 
India, T. H. Oliver, to treat a group of 25 Indian patients who were critically ill with 
pneumonia. Oliver's patients had a mortality rate of 48%, compared to the standard 
mortality rate of 80% for the disease. 

In the early 1960s, researchers at Baylor University studied the effects of hydrogen 
peroxide in removing plaque from the arteries as well as its usefulness in treating cancer, 
but their findings were largely ignored. 
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The hydroxyl radical, written HO• to show the lone electron, is so reactive that it only 
takes one billionth of a second to react with a neighboring molecules, usually by 
stealing hydrogen atoms from other molecules. The hydroxyl radical regains the lost 
electron in this manner and forms a water molecule (H2O). 

Hydrogen peroxide (H2O2) General Facts 

In the presence of salivary peroxidase and thiocyanate, the steady-state level of 
peroxide was predicted to be maintained below 0.01 mM.  This oral steady state 
source of peroxide is likely being swallowed by most individuals on a continuous and 
daily basis.  

H2O2 induces up-regulation of the expression of Fas, a death signal. Fas, also called 
APO-1 or CD95, is a type I membrane protein belonging to the TNF and nerve 
growth factor receptor family, which mediates a death signal. 
 

 

 

 

-inflammatory cells (myeloperoxidase, NADPH oxidase)  

 

Hydrogen peroxide (H2O2) (EMODs) can modulate cellular functions through 
altering signal transduction in many cell types, including ECs, VSMC, and T cells. 

Dr. Klebanoff stated that H2O2 is one of the most important antimicrobial and 

antitumor weapons of polymorphonuclear leukocytes.  

H2O2 is a potent inducer of many biologic factors, including platelet-activating 
factors and vascular endothelial growth factor. 
 
Patients lacking catalase (the primary enzyme for breaking down hydrogen 
peroxide) appear to live relatively normal lives and the Swiss type acatalasaemic 
patients show no signs of oxidative damage. 

Just as we use H2O2 for prooxidant protection from pathogens and neoplasia, 
pathogens can also use H2O2 for their own protection.  Hepatitis C has learned to 
use EMODs for their own self prooxidant protection.  
 
The most important sources of EMODs generation are:  
-endoplasmic reticulum (cytochrome P450) 
-peroxisomes (fatty acid oxidation) 
-mitochondrial electron transport system (univalent reduction of molecular oxygen 
NADH dehydrogenase complex)  
-endothelial cells (xanthine oxidase reaction)  

-catecholamine oxidation  
-and metabolism of arachidonic acid. 

H2O2 can trigger T cell proliferation and activation. 
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Singlet Oxygen (Delta species) 
 

 

 

 

 

 

Any pigmented substance (in the environment, the skin or in the body) can serve as 
an antenna for a photochemical reaction which generates singlet oxygen. 
 
Singlet oxygen is produced during phototherapy for hyperbilirubinemia in countless   
new born babies and has proven to have a widespread safety record for many 
decades.   
 
Uric acid is a good scavenger of singlet oxygen and oxygen radicals and ironically, 
uric acid, causes gout. 
Under physiological conditions, the Haber-Weiss reaction does not occur. 
 
2.7.2  18 Pages of Peroxide facts 
Some of this material was taken from UTOPIA 1st Ed., Vol. I 

Under normal conditions, the amount of O2
. - generated by a mitochondrion has 

been estimated to be as high as 107 O2
.- radicals per day.  This equates to 416,666.6/ 

hour or 6,944/minute or 116/second.  If we multiply this times an average of 200 
mitochondria per cell, we get 23,000/sec/cell or if we multiply this times 75 trillion 
cells, we get 2.3 X 1016  superoxide anions produced by the body every 
second of every day. This equates to 2.3 X 1022 superoxide anions per day. 

It takes enormous volumes of O2 and RONS to keep us going.  Shockingly, a 70 
kilogram/154 lb. adult with a 1% “leak” would produce annually 1.7 kilograms of O2

.- 
(presumably and/or H2O2 or .OH) and a 5% leak would generate an astonishing 8.5 
kilograms of O2

.- in a year.  In other words, at a 5% leak of O2
.-, an average adult 

would produce more than his entire body weight in O2
.- in 6 years.   If he lived to be a 

healthy 83 year old, he would have produced over 10 times his body weight in 
oxygen free radicals (705 kg of O2

.-) and many individuals appear to do this and are just 
fine.  So, I ask my question again, “How toxic are RONS?”  They do not sound very 
toxic to me. 

SOD enzymes will lead to an increase in the local concentration of H2O2. 
This also means that it can be viewed as a prooxidant enzyme and not an 
antioxidant enzyme.   

It is frequently pointed out that H2O2 will react with iron to produce the 
.OH radical but curiously, it does not react with the iron contained in 
the heme proteins such as catalase, hemoglobin or NADPH oxidase. 

Concentrations of up to 250 µM H2O2 could be generated every minute 
within the brain neutrophil.  The rate of O2 consumption is roughly 10-
fold higher in neurons than in glia. 
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The respiratory burst could be also called the “superoxide surge”, 
which leads to the “peroxide spike.” 
 

 

 

 

Very low levels of hydrogen peroxide, e.g., 3 to 15 microM, or 0.1 to 0.5 micromol/107 
cells, cause a significant mitogenic response, 25% to 45 % growth stimulation.  
Greater concentrations of H2O2, 120 to 150 microM, or 2 to 5 micromol/107 cells, 
cause a temporary growth arrest that appears to protect cells from excess energy use 
and DNA damage. 
At very high H2O2 concentrations of 5.0 to 10.0 mM, or 150 to 300 micromol/107 cells 
and above, cell membranes disintegrate, proteins and nucleic acids denature, and 
necrosis swiftly follows.  
Peroxide is at best a very weak mutagen in mammalian cells. 
 
Sodium Hypochlorite 

The hypochlorite ion is a product of normal aerobic metabolism, especially in the 
polymorphonuclear leukocyte, phagocyte, monocyte and eosinophil and microglial cell.  
It is a very important component of the normal immune system. 
 
Indirect Electrochemical Blood Oxidation (IEBO):  Sodium 
Hypochlorite 
 
Sodium hypochlorite has been shown to be nontoxic, easily excreted, has a low 
molecular weight and small molecular size which allows it to readily penetrate 
through cellular membranes and hence to oxidize toxins that are present, not only in 
the blood, but also in the tissues. 
 
Superoxide Radical 
 
Superoxide Dismutase (SOD) 

I have been saying all along that SOD serves as a plentiful source of 
H2O2 and it is, thus, an excellent prooxidant. 
 
Homozygous mutant mice lacking MnSOD died within the first 10 days after birth 
and showed dilated cardiomyopathy, accumulation of lipid in liver and skeletal 
muscle, and metabolic acidosis. 
 
Cancer cells are nearly always low in MnSOD. 

Because MnSOD is overexpressed, it will generate increased H2O2 (EMOD) levels 
and consequently kill the cancer or retard its growth, in support of my Unified 
Theory. I believe that these results are because the GSH-Px breaks down the H2O2 
formed by the overexpressed MnSOD, and consequently, the repressed growth is 
blocked by deficiency levels of EMODs.   
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Catalase is not essential for some cells under normal conditions. 
 

 

 

Limited glucose supplementation is known to enhance proliferation of tumor cells. 
Thus, low glucose levels allow the cancer to continue to develop but high levels of 
glucose produce high levels of EMODs, which kill the cancer. 

Quantification of steady-state mRNA levels of 14 genes involved in the anabolism and 
catabolism of reactive oxygen species (EMODs) showed that castration resulted in: 

The results show that (1) the increased liver antioxidant capacity of CAT and Gpx in 
male mice might be a sign of oxidative stress; (2) the increase in CAT and Gpx 
activities in male mice is strongly correlated with incidence of hepatic tumors; (3) 
the significantly increased SOD activity in tumor-bearing mice might have induced 
damage with accumulated hydrogen peroxide. This important study shows that 
increased cancer is “strongly” associated with increased antioxidant enzymes (CAT 
and GSH-Px) and since both of these breakdown H2O2, I interpret this to mean that 
this caused a decreased level of EMODs and thus, “allowed” the manifestation of 
cancer.  The presence of the antioxidant enzymes wiped out the body’s prooxidant 
protection and created a deficiency state of EMODs. 

In thyroid, SOD catalyses the removal reaction of superoxide anion with production 
of hydrogen peroxide, which is used as a substrate by TPO for thyroid hormone 
synthesis. 

Hasegawa et al concludes that a molecular-based treatment, which facilitates the 
production of excessive oxygen radicals inside the anaplastic carcinoma cells, may 
be one of the promising methods for the treatment of this most aggressive and lethal 
carcinoma. 
 

Tumor cells are, by definition, "immunologically privileged" and successfully evade 
effective tumoricidal immune recognition. I believe that tumor cells appear as 
immunologically privileged unless the levels of EMODs are raised to a high level as 
in severe infections or reactions to infections, such as seen with Coley’s toxin. At 
that point, tumor cells are no longer privileged. 

  
-dramatic increases of three ROS-generating NAD(P)H oxidases (Noxs) including 
Nox1, gp91(phox), and Nox4, 
  
-significant reductions of key ROS-detoxifying enzymes (superoxide dismutase 2, 
glutathione peroxidase 1, thioredoxin, and peroxiredoxin 5), 
  
-and unchanged levels of catalase, glutathione reductase, gamma-glutamyl 
transpeptidase, and glutathione synthetase.  

Page 765 of 931 



Remember, people with normal hormone levels have more cancer than people who 
are deficient.  The most effective treatment for advanced prostate cancer is 
castration—or the chemical equivalent with testosterone blockers. Castration 
clearly induced an elevated pro-oxidant state. Testosterone replacement in castrated 

rats was only partially effective in reducing EMOD levels 

When normal androgenic status is disrupted, such as under the condition of 
castration-induced deprivation, EMODs are increased in the prostate via up- 
regulation of Nox-dependent ROS anabolism and down-regulation of a number of 
key antioxidant enzymes/ EMOD scavengers. 

 

 
 

 

All of these factors help to increase EMODs, which will control neoplastic growth, 
and thus, it has been found that castration is the best treatment for prostatic cancer.  
This data strongly supports my Unified theory. 

A very low level of H2O2 (3 to 15 µmol/L) causes a significant mitogenic response; 
whereas, higher levels of H2O2 (120 to 400 µmol/L) results in a growth-arrested state, 
whereas a further increase of H2O2 to 1 mmol/L triggers apoptosis. 

Catalase (CAT) 

Homozygous CAT knockout mice, which are completely deficient in catalase 

expression, develop normally and show no gross abnormalities. 

Mice deficient in catalase were not more vulnerable to hyperoxia-induced lung 

injury; nor did their lenses show any increased susceptibility to oxidative stress 
generated by photochemical reaction, suggesting that the antioxidant function of 
catalase in these two models of oxidant injury is negligible.  

This further supports my Unified Theory, in that, EMODs are not basically toxic 
and it is their absence, which “allows” development of cataracts, cancer and 
atherosclerosis.  This acatalasemia study shows that excess H2O2 is not causative of 
cataracts, ischemia/reperfusion injury or any of the other diseases attributed to 
EMODs, since these animals live normal lives. 

Catalase is ubiquitously present in all prokaryotes and eukaryotes. With the 
exception of erythrocytes, it is predominantly located in peroxisomes. I believe that 
catalase also functions to regenerate O2 during the decomposition of H2O2 and 
simultaneously avoids the formation of the hydroxyl radicals.   

Mouse L cells and rat aortic smooth muscle cells overexpressing catalase display 
heightened oxidant sensitivity and retarded growth with increased cell death.

Japanese acatalasemic patients are phenotypically normal with the exception of an 
increased tendency in development of progressive oral gangrene. 
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It is generally believed that Gpx, which exhibits a low Km for H2O2 (8.8-22.6 µM at 2 
mM of GSH), plays a major role in removing H2O2 at relatively low concentrations 

of H2O2 in the cells, whereas catalase is more effective at high concentrations of 
H2O2. 
 

 

 

 

 
Endothelial cells and smooth muscle cells have very low levels of catalase activity. 

Red blood cells are believed to be constantly under oxidative stress due to high 
oxygen tension and generation of EMODs by autoxidation of oxyhemoglobin. 

Mice deficient in either catalase or Gpx1 show a normal hematological profile. 

Endogenously produced H2O2 importantly modulates survival and proliferation of 
vascular smooth muscle cells. 

Glutathione Peroxidase (Gpx) 

Lipid peroxides may be metabolized by peroxisomes and generate H2O2. 

Gpx1 reduces the fatty acid hydroperoxide to alcohol and water. 

Gpx4 is considered to be the primary enzymatic defense system against oxidative 
damage to cellular membranes. 

Mice null for the Gpx1 and Gpx2 genes appear normal under normal housing 
conditions. The phenotype of Gpx4 null mutation is much more severe than the 
phenotypes reported for null mutations in the other glutathione peroxidases.  
  
I believe that it is of utmost importance to consider the fact that animals 
null for CAT and Gpx1 and Gpx2 appear to develop normally and live 
normal lives.  This must weaken the argument that EMODs are 
extremely toxic and causative of up to 200 pathophysiologies.  

Lipid peroxides can serve as another plentiful source for the generation 
of H2O2. 

I believe that this is excellent evidence which shows that the endothelium and the 
vascular wall needs high levels of H2O2 to protect itself from atherosclerotic particle 
aggregation.  If the endothelium does not need high levels of H2O2 then I ask, “Why 
has it not evolved high levels of catalase to deal with the EMODs and H2O2, which 
are produced by all three layers of the vascular wall?” 

Peroxisomal degradation of fatty acids, in contrast to their mitochondrial 
degradation, generates H2O2. 
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Hydrogen Peroxide in Breath Condensates 
 

 
Catalase is the major enzyme involved in removing H2O2 and is preset in low 
concentrations in the respiratory tract. I believe that this is another example, in 
which, an area of the body which is constantly exposed to extremely high levels of 
EMODs, has low levels of catalase.  This does not make teleological sense that such 
would be the occurrence, if EMODs are so harmful. 

In summary, I can say that in the three areas of high RONS or EMOD generation of 
the body (e.g., brain, heart and the lungs), we normally have low levels of 
antioxidant enzymes.  Additionally, we do not synthesize any of the traditional low 
molecular weight antioxidants and we must get them by the dietary route.  Thus, I 
ask, “How toxic are EMODs?”  How could the evolutionary process make such glaring 
errors and egregious mistakes in not protecting humans as equally well as much lower 
phylogenetic species?  These observations lead me to believe that EMODs are not 
nearly as toxic as they have been accused of being.  In fact, I believe that they are 
naturally and normally beneficial to health. 

 

 

 

 

 

The level of lipid peroxidation in patients with cancer was significantly reduced 

compare with that in healthy control subjects. 

 

Endothelium expresses high levels of Mn-SOD and levels of Mn-SOD are higher in 
cerebral arteries than in extracranial arteries. I believe that the high levels of H2O2 
produced by SOD are needed for normal cerebral function.   

Oxidative-cure and the Peroxide-spike 
 
Oxidation serves as the first line of our defense and occurs with the respiratory 
burst, which should more properly be referred to as the superoxide/peroxide spike, 
secondary to spontaneous or enzymatic dismutation of superoxide. 

We must maintain a “prooxidant state” for protection and to maintain homeostasis.   

Changes with Aging 

One good RONS (EMOD) deficiency disease deserves another. 

I believe that if you analyze the contents of that breath of life, you will find that it is 
because of the presence of its 21% oxygen content, which makes it is the breath of 
life.  I quote, “And the Lord God formed man of the dust of the ground, and 
breathed into his nostrils the breath of life; and man became a living soul.  Genesis 
2:7.” 

Anaerobic metabolism is favorable to many pathogenic organisms and hypoxia is 
the predominant condition within cancerous cells.  Hypoxia has been closely 
associated with pathological processes. 
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Ground state oxygen is not reactive enough to participate in the complex 
biochemical reactions to maintain homeostasis and sustain health. 

The only thing which stands between us and constant or perpetual infections or 
manifestations of neoplasia, is our ability to generate oxidative events in the form of 
RONS/excytomers (EMODs).   

If chronic inflammation is causative of cancer, as is argued by the followers of the 
Free Radical theory of oxidative stress and aging, then steroids, which inhibit 
inflammation, should reduce cancer rates or prevent cancer formation.  In actuality, 
just the opposite happens, in that steroids cause patients to develop infections and 
tumors more frequently than normal and cessation of the steroid intake, can stop 
the infections and cause spontaneous remission of cancer. Further, it is well known 
that photodynamic therapy, which generates large amounts of singlet oxygen and 
the Howes Singlet Oxygen Cancer Therapy system do, in fact, kill selectively 
cancerous growths. 

Even though piroxicam has been portrayed as a strong antioxidant, recent studies 
have shown that its mechanism of action may involve the generation of singlet 
oxygen.  Piroxicam enhances the anti-tumor effects of ultrasound in vivo by 
increasing the production of singlet oxygen without damage to tissue surrounding 
the tumor (sonodynamic therapy). 

For 2005, nonsteroidal anti-inflammatory drugs (NSAIDS) are blamed for up to 
16,000 deaths from gastrointestinal bleeding in the United States. Aspirin is 
responsible for approximately 10,000 deaths annually. Aspirin may raise the risk of 
pancreatic cancer among women. 
 
Exposure of LDL preparations to MPO in presence of salicylate revealed that the 
drug could act as a catalyst of lipid oxidation in LDL. Thus, ASA can exhibit 
prooxidant activity and I believe this prooxidant activity is the mechanism whereby 
it stops some forms of cancer and appears to be beneficial in the treatment of 
atherosclerosis.   
 
Shutting down COX-2 long term may actually kick-start the process, known as 
atherosclerosis. I believe that this is the true effect of COX-2 inhibitors and this 
explains their mechanism of action, in that blocking COX-2 blocks EMODs 
formation, which then allows cancer or cardiovascular disease to manifest itself.  
 
Bextra, more than doubled the number of heart attacks or strokes.  
 
Estrogen triggers COX-2 activity, which leads to protection from arteriosclerosis.  
Thus, this estrogen-COX-2 atherosclerosis would be because of increased prooxidant 
activity. 
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All layers of the arterial wall are capable of and are constantly producing EMODs.  
As long as the body is producing adequate EMODs levels by the arterial wall, clots 
will be dissolved and oxidized cholesterol particulates will not aggregate and they 
will be excreted.  A deficiency state of RONS (EMODs) will allow for plaque 
formation. 
 
There is a reversibility of arteriosclerosis which has been seen in smokers, after they 
stop smoking.   
 
Macrophages attempt to remove the oxidized LDL but are unable to degrade the 
cholesterol, which accumulates as droplets in the cells, thereby giving them a foamy 
appearance. I believe that the macrophage tries to degrade the cholesterol and 
consequently, prevent plaque formation.  If it can produce enough EMODs, it will 
be successful. 

Despite the demonstrated role of antioxidants in cellular and animal studies, the 
ineffectiveness of antioxidants in reducing cardiovascular death and morbidity in 
clinical trials has led many investigators to question the importance of oxidative 
stress in human atherosclerosis.  

Investigators try to force their data to fit the flawed Free Radi-Crap theory. 
Investigators are truly perplexed that their well-collected data with antioxidants 
have not yielded results which support the Free Radi-Crap theory. It seemingly 
never occurs to them that their data is correct and the theory is wrong. It remains to 
be established that oxidative events are a cause rather than an injurious response to 
atherogenesis. 

Apolipoprotein E-/- mice deficient in manganese superoxide dismutase, a mitochondrial 

antioxidant enzyme, exhibited early increases in mtDNA damage and accelerated 
atherogenesis phenotype at arterial branch points. I believe that the MnSOD 
deficiency equated to an H2O2 deficiency state, which would “allow” the 
development of atherosclerosis. 

Early lesions of the atherosclerotic plaque (fatty streaks) consisting of endothelial 
deposits of lipid-laden macrophages can be detected in the fetal aorta. 

Stochastic theories argue that aging is caused by random chemical insults at the 
molecular level, such as damage from free radicals. Pleiotropic theories claim that 
aging is genetically programmed and therefore essentially unchangeable. 

The degree of polyunsaturation in fats had a dramatic effect on cancer rates in mice. 
The most highly polyunsaturated dietary fats were found to be the most 
carcinogenic; the least saturated dietary fats were shown to be the least 
carcinogenic. 
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Harman believes that Western societies are reaching a human life span plateau of about 
85 years, thanks purely to medical interventions. This is referred to as the 
rectangularization of the life limit. 
 

Cholesterol (a Brief Primer) 
 

 

 

Fresh meat and fresh meat products contain 0 or trace amounts of cholesterol 
oxides. Oxysterols contained in cooked meat range from 180-1900 ug/g.  

 

 

 

Vitamin E may boost Bad cholesterol. Oxidation is necessary to reduce the amount 
of low-density lipoprotein (LDL) cholesterol produced in the liver. That's why 

I believe that the antioxidants are there as co-metabolic factors and not just there 
for the purpose of countering “dangerous” EMODs. EMODs are produced in a 
controlled fashion and likely have critical signaling functions. 

Sterol cholesterol (cholest-5-en-ß-ol) is an essential metabolite required for major 
biological functions, such as the cell membrane structure where the steroid forms, 
together with phospholipid molecules, the integral part of the lipid bilayer. 
Cholesterol also provides the structural scaffolding for the synthesis of steroids and 
steroid hormones, and for the biosynthesis of bile and bile acid salts. Sterol plays also 
an important role in embryonic development.  

Cholesterol biosynthesis is a highly-regulated process that occurs in almost all animal 
tissues, but in higher mammals the liver, the adrenal gland, the ovaries, and testis 
show the most significant biosynthetic activity. Bile is the major excretion route of 
cholesterol from the body, predominantly as unesterified cholesterol. 

Cholesterol is a molecule with an unsaturated bond at position ∆ 5-6 of the sterol 
nucleus, therefore it is prone to oxidation. The molecule undergoes autoxidation by a 
free-radical mechanism leading to the formation of hydroperoxides and then to a 
number of oxidation products, the so-called oxysterols (70 have been found). 
Oxysterols are able to pass through lipophilic membranes much more quickly than 
cholesterol does. 

Parenchymal hepatocytes have been thought to be the primary, if not the sole, cell 
type possessing functional enzyme system that could convert cholesterol into 
oxidized derivatives, namely the cytochrome P-450 system. 

Most sterols, including cholesterol, are eliminated from the body through bile 
secretion.  

Cholesterol oxidation proceeds via a free radical mechanism, similar to 
polyunsaturated fatty acid oxidation. 

a-tocopherol, BHA, and BHT can inhibit the oxidation of cholesterol in the presence 
of superoxide anion, water, and hydrogen peroxide. 
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polyunsaturated fatty acids, which are oxidants, can reduce cholesterol production.  
I believe that this simple observation is a most important observation. 

Diets rich in polyunsaturated fatty acids, such as those found in fish, can 
substantially reduce the amount of bad cholesterol your body makes. 

There is not a direct relationship between the plasma LDL level itself and the extent 
of endothelial dysfunction. 

While epidemiological studies in families with premature CAD and in monozygotic and 
dizygotic twins emphasize the significance of genetic factors in susceptibility to 
coronary atherosclerosis, population migration studies underscore the impacts of 
environmental factors. The relative hazard of death from CAD when one's twin died 
of premature CAD (age less than 55 years) is 8.1 (2.7 to 24.5) for monozygotic twins 
and 3.8 (1.4 to 10.5) for dizygotic twins. 

 

Liver cells under oxidative stress release free radicals (EMODs) made by the normal 
conversion of polyunsaturated fatty acids to so-called lipid peroxides. When these 
free radicals are released, they destroy a critical protein called ApoB100. Without 
ApoB, the liver cannot make LDL cholesterol, and the amount of cholesterol 
released into the blood is therefore substantially reduced. I say, “Halleluiah, 
Brother.” When vitamin E was introduced to these liver cells, it prevented the 
destruction of ApoB, which lets the liver make more LDL cholesterol, according to 
their report in the May issue of the Journal of Clinical Investigation.   

 

 

 
Familial hyperlipidemia (FH) is probably the best example of single gene disorders 
that leads to coronary atherosclerosis. 
 
The risk of ischemic heart disease (IHD) and of cerebrovascular events is much 
higher in diabetic patients than in healthy individuals. 
 
Atherosclerotic plaque is actually a benign tumor, an atheroma. 
 
My review of the literature revealed that spontaneous regression is also seen in 
arteriosclerosis, cataract formation, a wide range of cancers, HIV/AIDS, arthritis, 
etc.  Just as the body has the fibrinolytic system which keeps blood from clotting 
intravascularly, at all times, the body also has oxidative systems which keep cancer 
from growing, plaques from forming, herpetic lesions from developing and cataracts 
from coalescing. 
 
Cancer cells have much higher levels of iron than do normal cells.  The surface of 
cancer cells has 5-15 times more transferrin receptors than healthy cells. A shared 
characteristic of the malaria parasite and dividing cancer cells is a high iron 
concentration.  
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There is no free iron in the blood of healthy patients.  Vitamin C increases the 
absorption of iron but there is no evidence that it causes iron overload.  Alcohol 
increases the absorption of iron. Chronic ethanol consumption produced a six-fold 
increase in hepatocytes EMODs production compared with levels measured in 
controls. 
 

Diabetics have 2-6 times a higher risk of developing arteriosclerosis.   The 
association of these two diseases illustrates my point.  Diabetics have a 30% greater 
chance of developing cancer.   
 
Because of the involvement of the lungs and its associated difficulties in effectively 
delivering O2 to the blood, I predicted that scleroderma should be a condition in 
which many diseases may be “allowed” to manifest themselves (e.g., cancer, 
arthritis, atherosclerosis, etc.). This would be consistent with my Unified Theory 
and with EMODs deficiency states. 
 
Systemic sclerosis (scleroderma) may be associated with an increased incidence of 
cancer, including breast cancer

I believe that the lipid alcohols generated by the breakdown of H2O2 by GPx may 
increase EMOD production. 
 

, B-cell lymphoma, lung cancer and tongue cancer. 

Scleroderma is associated with cancer, and in particular, lung cancer. 

Patients with endometriosis and their families have a greater risk of breast cancer, 
melanoma, ovarian cancer and non-Hodgkin’s lymphoma.  Endometriosis and 
cancer are similar. 

Cancer, spontaneous regression, arteriosclerosis, PDT, HIV/AIDS, malaria, 
pregnancy, smoking, hydrogen peroxide, sodium hypochlorite, singlet oxygen, 
respiratory burst, inflammation, oxygen consumption, cellular oxygen levels, RONS 
levels, exercise, immunosuppression, antioxidants, hypoxia, aging, hypericin, 
obesity, chronic granulomatous disease, Down’s syndrome, etc.  I firmly believe 
have a commonality, which is based on EMODs levels, both actual and relative.  
 

 

 

 

 

I have observed that tissue and cellular hypoxia is a constant companion of many of 
the degenerative diseases such as chronic inflammation, cancer, aging, atherosclerosis, 
diabetes, obesity, rheumatoid arthritis, etc.  This observation raises the possibility that 
low levels of ground state oxygen are insufficient to produce adequate levels of 
EMODs.   This may mean that less O2 is available for synthesis of ATP and 
consequently, many of these conditions have associated levels of fatigue, which could 
be compounded by intake of antioxidants.  

I have observed that tissue and cellular hypoxia is a constant companion of many of 
the degenerative diseases such as chronic inflammation, cancer, aging, atherosclerosis, 
diabetes, obesity, rheumatoid arthritis, etc.  This may mean that less O2 is available for 

Page 773 of 931 



synthesis of ATP and consequently, many of these conditions have associated levels of 
fatigue, which could be compounded by intake of antioxidants.  
I believe that relative deficiency states of EMODs exist in conditions such as the elderly, 
in which overall oxygen consumption and oxygen utilization is considerably reduced by 
as much as 40% of normal.  Under hyperoxic conditions, mitochondrial EMOD 
generation increases as a linear function of the oxygen tension. Thus, even though 
specific cells appear to produce normal levels of EMODs, the total amount of EMODs 
being produced must also be reduced by 40% and this condition “allows” the 
manifestation of many of the degenerative diseases such as cancer, arteriosclerosis, 
cataracts, diabetes and arthritis. 
 
Cataracts:  An Overview 
 
Latin as the word cataracta means a waterfall. 
 
Risk factors for cataracts are advancing age, race (African Americans), gender 
(women have more cataracts than men), a family history, previous eye injury, 
inflammation, surgery, prolonged steroid use, smoking, diabetes and excessive 
exposure to sunlight.   
 
The proteins in the lens, notably those called alpha crystallins, may also clump together, 
forming cloudy (opaque) areas called cataracts. 
 
Human corneal endothelial cells (EC) do not undergo mitosis to any significant 
extent. Hydrogen peroxide (H2O2) is produced by the cornea and neighboring 

tissues. Aqueous humor itself generates H2O2. 
 
Based on the fact that corneal cells do not divide and that they are constantly 
exposed to EMODs, e.g., H2O2, I ask, “How can some people live a full and long life 
and not develop cataracts, if EMODs are the causative agent?” 
 
Cataracts differ from other radiation effects in that a certain level of dose to the lens 
of the eye (- 200 rems) is required before they are observed.  
 
Congenital cataracts occur in children who have other diseases such as diabetes or 
Down’s syndrome.  This further supports my Unified Theory and indicates a 
deficiency level of EMODs in these infants. These new borns have had minimal 
exposure to EMODs and yet, they have cataracts.  To me, this argues against the 
involvement of EMODs as a causative agent for cataractogenesis. 
 
I believe that this is another example of spontaneous regression, which in this case 
involves sugar cataracts.  It appears to me that the body must have a system in place 
which is constantly preventing cataracts by not allowing them to form or which is 
breaking down small ones as they form.  When the EMODs levels become deficient, 
then cataracts will be allowed to manifest themselves or to physically form.  When 
conditions are such that normal levels of EMODs are re-established, then the 
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cataracts are prevented from forming. .  I believe that this delicate balance is the 
redox levels of the eye.  Even though there is lots of glucose available, it is not 
getting into cells to be metabolized and to produce EMODs, which are necessary to 
keep proteins from coalescing.  
Researchers estimate that 48 percent of variation in cataracts is due to genes, 38 
percent due to age, and only 14 percent due to environmental factors like smoking, 
diet, X-rays, or sunlight. 
 
Evidence on the benefits of supplements of vitamin E or C or vitamin-rich foods has 
been weak or non-existent. And in 2002, a major on-going American study called 
the Age-Related Eye Disease Study (AREDS) reported no difference in the incidence 
of cataracts after seven years in people who took the antioxidant vitamins compared 
to those who took sham vitamins.  
 

Associated with hypoxia, the epithelium exhibits: 

• a significant increase in microcysts  
• abnormal metabolism that results in an acid shift in pH due to an accumulation in 

lactic acid and carbon dioxide   
• a reduction in cell synthesis due to enzyme shifts  
• reduced epithelial cell adhesion  
• increased binding of bacteria to cells  
• reduced apoptosis (or programmed cell death)  
• an increase in cell size   

I believe that these factors could indicate a propensity to form cataracts from reduced 
levels of oxygen. 
Clearly, our bodies are readily damaged by oxygen deficits, especially during 
developmental stages. 
 
The protein-bound chromophores, which increase with aging in the human lens, act 
as UVA sensitizers, producing almost exclusively singlet oxygen in vitro. Direct 
irradiation of whole, aged human lenses with high intensity UVA light (200 mW cm (-
2) for 24 hr), however, failed to produce singlet oxygen damage. These data are 
consistent with the idea that the low oxygen levels in the lens prevent singlet oxygen 
damage in vivo. 
 
 
Oxygen Properties 

The maximum level of inspired PO2 (PIO2) in our natural environment is only 160 
Torr (0.21 O2 x 760 Torr at sea level = 160 Torr O2 = 0.21 ATA O2).  

I believe that these compounds, which are referred to as antioxidants, may be better 
describe as compounds which assist EMODs and should be called “co-oxidants.”   
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Any radicals formed in the fats will react with vitamin E to form a vitamin E 
radical. This vitamin E radical lacks the energy to cause any further damage but 
will react with vitamin C in the blood to regenerating the vitamin E. The breakdown 
product of vitamin C is then removed by the kidneys. 
 
The hydroxyl radical can form over a hundred different products when it reacts 
with a protein. The situation is even more complex with fats. 
 
Curiously, the major diseases occur at a time during aging when O2 levels have 
dropped.  I believe that this is much more than coincidence and that it is a causal 
relationship. Cancer, atherosclerosis, arthritis, stroke, Alzheimer’s, cataracts and 
diabetes all occur with increasing frequency as O2 availability becomes deficient.  I 
believe that this O2 deficiency leads to an EMOD deficiency state, which “allows” 
for the manifestation of these diseases.   
 
Thus, a lack of oxygenation leads to a lack of oxidation, which leads to disease 
manifestation. 
 
Dr. Charles Farr, a pioneer in peroxide therapy, used to say that, “hydrogen peroxide 
therapy is an effort to deliver oxygen for the purpose of oxygenation, not oxidation.” I 
believe that the whole purpose of oxidative therapy should be for the delivery of 
EMODs and for increasing the prooxidant status of the body. 
 
Curiously, man does not synthesize the many antioxidants that are available to the 
plant world, such as the carotenoids, tocopherols, polyphenolics, vitamin C, 
lycopenes, and the flavonoids.   
 
Hydrogen peroxide can react with iron II or copper I to generate the hydroxyl radical, a 
reaction first describe by Fenton in 1894, well over 110 years ago.  It is said that the 
hydroxyl radical, or a closely related species, is probably the final mediator of most 
free radical induced tissue damage. 

Superoxide and hydrogen peroxide can react together directly to produce the hydroxyl 
radical, known as the Haber-Weiss reaction, but the rate constant for this reaction in 
aqueous solution is virtually zero. 

Under most circumstances iron remains tightly bound to one of several proteins, 
including transferrin, lactoferrin, heme proteins, ferritin, or hemosiderin.   

I believe that under normal conditions there is a minimal possibility for the Fenton 
reaction to occur, let alone cause disease.  It is more so an event which occurs after 
disease has appeared and is a result of disease and not a cause. 

Singlet oxygen is a highly reactive beneficial radical that acts as scavenger of other 
harmful free radicals. 
 

Page 776 of 931 



Currently accepted dogma states that oxygen and its radicals are highly toxic, even 
lethal.   I believe that the overall data shows that they are wrong.  I believe that 
these EMODs are primarily “protective prooxidants.” 
 
Obviously, without oxygen, man would not develop diseases or age but 
unfortunately, he would be dead.   
 
It appears to me that the body has adapted (over million of years) to its advantage, the 
“leak” of electrons in the electron transport chain, by converting them to the 
superoxide anion and thus, to hydrogen peroxide; although I also believe that this is 
a purposeful design of nature and not a mistake or a leak.  This is analogous to the 
use of a turbo charger, to take advantage of the exhaust gases of internal combustion 
engines, to improve the function of the engine, in which a leaking, waste product is used 
to a great advantage.  
 
EMODs, ADP Availability and Sleep 
 
I predict that sleep is a time of a relative increase in EMODs. I believe that insomnia 
or sleep deprivation will be a risk factor for cancer, arteriosclerosis, diabetes, 
arthritis and cataracts.  Working the graveyard shift upped a woman’s risk of 
developing breast cancer by 60%.  I would interpret this to mean that by having less 
relative high levels of RONS, which I believe are associated with sleep, one increases 
their chances of “allowing” the manifestation of neoplasia. 
 
These results indicate that the antioxidant capacity of melatonin (MEL) is limited 
and that under certain conditions MEL may acts as a prooxidant on the cellular 
level. 
 
REM sleep deprivation resulted in increase in lipid peroxidation and significant 
decrease in the levels of the antioxidant enzymes SOD, CAT and also GSH and GPx 
in all the brain regions studied. A statistically significant circadian rhythm was 
found in SOD, CAT and GPx activities in normal volunteers and pulmonary 
tuberculosis patients. SOD and CAT enzyme activity was noted to be maximum at 
06:00 and minimum at 00:00 in tuberculosis patients. 
 
Penile erections accompany virtually every REM period, regardless of dream 
content.  This must be related to increased antioxidant nitric oxide levels and 
EMODs levels. REM sleep, in which we spend 30% of our sleep time, has an increase 
in oxygen consumption, a decrease in respiratory efforts, an almost complete loss in 
muscle tone, an EEG almost indistinguishable for the awakened state and an increase in 
eye muscular activity. 
 
Oxygen consumption is reduced during meditation (in some cases up to 55%. 
Meditation is the only activity that reduces blood lactate, a marker of stress and 
anxiety. 
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Curiously, when many of the seals return from sea, while sleeping on the beaches, they 
will again exhibit prolonged periods of breath holding despite the fact they have 
constant access to fresh air. The European dormouse has been known to go for over 
two hours without breathing during deep hibernation.  

All diving birds and mammals are able to hold their breath for periods of time that 
would prove fatal to their more terrestrial relatives. Small hibernating mammals (and 
presumably birds) also possess remarkable breath-holding abilities; the longest 
recorded periods being in the range of 130 minutes in a garden dormouse and 150 
minutes in the European hedgehog. 

The spleen acts as a reservoir storing excess red blood cells that carry oxygen. 
Oxygen is stored primarily in the blood bound to hemoglobin and in the muscle 
bound to myoglobin. 

I believe that the relative hypoxemia experienced during long dives, may trigger the 
ischemia-reperfusion production of RONS and help to prevent a deficiency state of 
EMODs.   

Studies on long term hypoxia have resulted in the following: 
• Long lasting memory and learning impairment 
• Decrease in volume and cell number of rat cerebral cortex 

• Fetal neuro-developmental brain damage 

• Hypometabolism during ontogenesis 

 

A liter of normal atmospheric air on a sunny day contains over one billion hydroxyl 
radicals. 

• Altered levels of neurotransmitters (decreased) 

• Programming of neurotransmitter and receptor expression leading to behavioral 
defects 

• Long lasting respiratory effects 
• Seizures and neuronal injury (epileptogenic changes) 
• Decreased wound healing 
• Decreased stamina 

 

SUPEROXIDE 

Superoxide can act both as an oxidant (by accepting electrons) or as a reductant (by 
donating electrons). 

HYDROXYL RADICAL 
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Singlet Oxygen 
 
In 1934 Herzberg discovered a higher energy state of oxygen by spectroscopy and 
reported this oxygen as singlet oxygen. 
 
Chemical reactions forming singlet molecules from triplet and singlet reactants are 
forbidden by Wigner's spin selection rule. 
 

Uric acid and carotenoids are presumed to behave as singlet oxygen quenchers and 
radical scavengers. Histidine is an efficient scavenger of highly active singlet oxygen 
and somewhat weaker scavenger of hydroxyl radicals. 
 

 

One of the most important reaction characteristics of 1O2 is that it can directly react 
with the electron-rich double bonds of unsaturated molecules. Singlet oxygen 
reaction with linoleic or linolenic acid forms both conjugated and nonconjugated 
diene hydroperoxides; whereas, triplet oxygen oxidation produces only conjugated 
diene hydroperoxides.   
 

Melatonin is able to scavenge singlet oxygen produced by naphthalene. While 
melatonin is a free radical scavenger under biological conditions, it acts as a 
generator of singlet oxygen and or radicals when irradiated with laser light. 
Presumably, I believe that this must represent another “paradox” for the oxy-
morons.  Melatonin is hyped as a great antioxidant, yet Matuszak et al were able to 
show that it will produce 1O2 in response to UV excitation and they have shown that 
its proposed exceptional antioxidant ability is unfounded.  

L-Histidine (said to be the most effective natural 1O2 scavenger), melatonin, carnosine, 
lycopene (carotenoids), α-tocopherol, diphenylamines (quenchers in plants), 
DABCO and dimethylfuran are reportedly scavengers for singlet oxygen.  Singlet 
oxygen quenchers are carotenoids and phytochemicals. Vitamin E is only 
moderately effective against singlet oxygen. Uric acid is a powerful scavenger of 
singlet oxygen, peroxyl radical (ROO·) and ·OH radical. Albumin has one sulfhydryl 
group per molecule, it itself scavenges several free radicals. Astaxanthin has been 
shown to be a powerful quencher of singlet oxygen. 
 

β-Carotene is a strong singlet oxygen quencher and, under most conditions, exhibits 
strong antioxidant properties. Clinical trials found that β-carotene supplementation 
evoked no change in incidence of nonmelanoma skin cancer and that smokers 
suffered a significant increase in lung cancer incidence. Further, studies employing β-
carotene-supplemented semidefined diets, not only failed to find a photoprotective 
effect, but significant exacerbation of UV carcinogenic expression resulted.   

Cellular protection against singlet oxygen damage may be provided by quenchers. The 
most important physiological quenchers are carotenoids and phenols. 1 molecule of 
β-carotene can quench 250 to 1,000 molecules of 1O2 at a rate of 1.3 X 1010 M-1S-1.   
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Absorption of visible light by rose bengal (RB) produces singlet oxygen exclusively. 
 
It was shown that antibodies catalyze a reaction between water and ultraviolet light 
(UV) creating singlet oxygen and ultimately H O2.   

 

 

 

2
Antibodies can generate hydrogen peroxide (H2O2) from singlet molecular oxygen 
(1O2*). This process is catalytic, and we identify the electron source for a quasi-
unlimited generation of H2O2. Antibodies produce up to 500 mole equivalents of 
H2O2 from 1O2*, without a reduction in rate. This work shows the enormous 
potential for H2O2 production by antibodies.  I believe that this will prove to be a 
major source for bactericidal RONS/excytomers (EMODs). H2O2 production by 
antibodies alone was found to be not sufficient for bacterial killing. Ozone is also 
generated during the oxidative burst of activated human neutrophils and during 
inflammation. 

I believe that this inter-relationship between 1O2*, H2O2 and O3 will prove to have 
great significance in the generation of a DOA (deadly oxidative assault). 
 
Ascorbate behaves as a weak singlet oxygen quencher. 
 
GSH is a scavenger of the hydroxyl radical and singlet oxygen. Pyridoxine quenches 
singlet oxygen at a rate comparable to that of vitamins C and E 

Triplet excited state carbonyl compounds react with ground state oxygen to give the 
highly reactive singlet excited molecular oxygen ("singlet oxygen", 1 O2). Triplet state 
aliphatic carbonyls are formed in biochemical systems by a number of enzymic and 
non-enzymic mechanisms, such as in lipid peroxidation, and through the actions of 
peroxidases, and may transfer their energy to suitable aromatic carbonyl, such as 
duroquinone (DQ). 

Lipid peroxidation is not initiated by O2
.- or H2O2, OH., alkoxyl radicals (RO.) and 

peroxy radicals (ROO.) result in initiating the lipid peroxidation. 
 
Catalases are oxidized by singlet oxygen. 

I believe that my singlet oxygen generating system will bring singlet oxygen to the 
forefront of cancer, arteriosclerosis, diabetes, HIV/AIDS and malaria therapy.   

The hydroxyl radical (.OH) and singlet oxygen are involved in X/XO-induced 
relaxation of ileum. Oxygen radicals, including H2O2, play a role in the motility of 
ileum.  

Ubiquinone (3UQ) is also a powerful oxidant, capable of one-electron oxidation of 
water, which must be taken into account in discussions of the electron transport 
chain. 

NSAIDS and steroids lower plasma histidine, as seen in arthritis patients. 
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Reaction of 1O2 with Proteins and Amino Acids 

The reaction rate of singlet oxygen with proteins is mostly determined on the 
number and types of amino acids, which have double bonds or an electron-rich 
sulfur atom.  Other amino acids react with 1O2 at 2 to 3 orders of magnitude lower than 
tryptophan, histidine, tyrosine, methionine, or cystein.  Tryptophan, histidine and 
tyrosine contain double bonds and can readily react with electrophilic singlet oxygen.  
Methionine and cystein contain a sulfur atom with 4 nonbonding electrons, which 
react rapidly with the electrophilic 1O2.   
 
Carbohydrates are relatively insensitive to singlet oxygen oxidation, particularly in 
the presence of more reactive materials.   

Microwave Radiation (ovens) 

Microwaves are very short waves of electromagnetic energy that travel at the speed 
of light (186,282 miles per second). 2450 Mega Hertz (MHz) or 2.45 Giga Hertz 
(GHz) is the energy of microwave ovens (magnetotrons). In microwaves, these 
polarity changes happen millions of times every second. 
 
Like alpha-tocopherol and melatonin, ascorbic acid is one of the most potent reducing 
agents for biological systems, but since it reacts with trace metal ions to yield active 
oxygen species, it may also act as a dangerous prooxidant. β-carotene is also 
considered to be a prooxidant, especially at higher oxygen tensions. 
 
Free Radical Pathology 
 
Very few of the claims of benefits to health or stopping aging have been supported 
by sound research. Sadly, many compounds are erroneously labeled as antioxidants 
and there is hardly ever discussion of the prooxidant activity of these same 
compounds. Recent studies have shown that many traditional antioxidants can be 
harmful and perhaps, even deadly.  
 
12.1 Free Radicals and Antioxidants in Aging and Disease 
Small molecular antioxidants such as vitamin E and C have been used in attempts to 
modulate the aging process (Yu BP,). These approaches have led to little or no effect in 
enhancing longevity.  Furthermore, in experiments with over expression of MnSOD in 
Drosophila showed that the mean longevity of the transgenic flies was decreased by 4-
5% 
 
Over expression of MnSOD in Drosophila showed that the mean longevity of the 
transgenic flies was decreased by 4-5%. 
 
EMODS cause the development of over 200 different pathophysiologies (according 
to J. Princemail). 
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When WBCs shift from a quiescent to an activated state, this results in a 400% increase 
in their oxygen consumption. 
 
This 'dark side' of oxygen relates directly to the fact that each oxygen atom has one 
unpaired electron in its outer valence shell, and molecular oxygen has two unpaired 
electrons. Normal cellular production of EMODs (ROS and/or reactive nitrogen 

species RNS) is a ubiquitous feature of human life. Accumulation of the chemical 

footprints of oxidative and nitrosative stress are also normally ubiquitous. 

Our body is constantly producing EMODs, acting as second messengers capable of: 

- regulating apoptosis, or the programmed suicide of cells evolving towards a 
cancerous state 
- activating transcription factors (NFkB, p38-MAP kinase…) responsible for 
activating genes involved in the immune response 
- modulating the expression of structural genes coding for antioxidant enzymes 

If the stress persists and involves massive production of toxic RONS, SOD is 
destroyed and its concentration drops. Paradoxically, a too-high SOD concentration 
can be dangerous, because it leads to overproduction of hydrogen peroxide 
(paradoxical effect of antioxidants).  Actually, I firmly believe that the purpose of 
SOD is to produce H2O2, because it is an excellent second messenger in a vast 
number of crucial biochemical events. 

Thioredoxins are enzymes with intrinsic antioxidant activity, like all proteins 
possessing a thiol group (-SH). 

Albumin (which possesses thiol groups) can be seen as one of the major antioxidants 
present in plasma. 

 
The protective effect of heme oxygenase (HO-1) against oxidative stress is indirect - 
once formed, biliverdin converts to bilirubin, endowed with strong antioxidant 
activity. 
 

Uric acid’s oxidation products (e.g. allantoin) can in turn readily become oxidized, 
generating toxic oxygen species, as a prooxidant. However, this antioxidant is 
responsible for the pain and swelling of gout. Hyperuricemia is associated with 
hypertension, vascular disease, renal disease, and cardiovascular events. Admission 
serum uric acid also independently predicted worse outcome and a higher rate of 
repeated stroke or other cardiovascular event. Uric acid is often considered an 
antioxidant and has been shown to scavenge hydrogen peroxide and hydroxyl radicals, 
to block nitrotyrosine formation from peroxynitrite, and to preserve extracellular 

superoxide dismutase. Only 1 small study has reported that elevated uric acid is 
associated with good outcome after an ischemic stroke. 
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I believe that the drop in antioxidants following a stroke is related to the fact that 
the body is producing high levels of EMODs in its natural response to injury and in 
attempts to heal.  

Like vitamin E, CoQ10 can inhibit lipid peroxidation. The level of CoQ10 in the 
blood is markedly diminished (+/- 40%) in patients taking statins to reduce their 
cholesterol level. Statins inhibit the enzyme 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA) reductase, which acts on production of mevalonate, a common 
intermediate in the synthesis of cholesterol and CoQ10.  This is a very important 
observation, in that statins are reducing their alleged protective antioxidant level of 
CoQ10.  This is working against itself, according to the theory that oxidized. 
 
Coenzyme Q is both an essential electron carrier and an important antioxidant. 
Paradoxically, Coenzyme Q is also involved in superoxide production by the 
respiratory chain, while acting as a prooxidant. 

Oxidative phosphorylation consists of five protein-lipid enzyme complexes located in 
the mitochondrial inner membrane that contain flavins (FMN, FAD), quinoid 
compounds (coenzyme Q10, CoQ10) and transition metal compounds (iron-sulfur 
clusters, hemes, protein-bound copper).  

This oligoelement is one of the essential co-factors of SOD. Yet like iron and as a 
transition metal, copper plays a major role in triggering reactions leading to RONS 
production. 
 
Several large-scale, double-blind, placebo-controlled trials have shown convincingly 
that neither β-carotene nor vitamin E alone or in combination with other 
antioxidant vitamins, reduces the risk of fatal or nonfatal infarction (or other hard 
clinical end points) in an unselected population of people with established coronary 
heart disease (CHD) or at high risk of CHD.   

Research on nearly 40,000 healthy women showed no heart benefits from vitamin E 
pills and a study reported in November at the American Heart Association found that 
people taking high doses of vitamin E were 10% more likely to die of any cause than 
those taking smaller amounts.   

In my opinion, antioxidants definitely interfere with natural EMODs functioning, 
especially as the interference relates to high oxygen consuming tissues, such as those 
of the cardiac and vasculature systems.  I have personally been cautioning against 
the injudicious use of antioxidants for years. 

"In nearly 68,000 patients studied to date, there is no compelling evidence that higher 
doses of vitamin E reduce cardiovascular risk or cancer." 

When the researchers examined heart disease, they found no differences between the 
groups for heart attacks, stroke, unstable angina, and several other types of heart 
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problems. However, people on vitamin E were more likely to develop heart failure.  
I believe that this is extremely important in that vitamin E did not curtail 
atherosclerotic disease but it, in fact, made heart failure worse.   
 
About 12% of U.S. adults (over 20 million people) take vitamin E pills and about 
49% (almost 80 million) use supplements containing some amount of vitamin E. 
 
This “lumping” of antioxidants is as incorrect and misleading as the lumping of 
reactive oxygen species.  I believe that with such a “cloud of confusion” surrounding 
reactive oxygen species, free radicals and antioxidants, that the current data is 
marginally meaningful, at best. 
 
β-carotene diet did not show a decrease in the incidence of preneoplastic changes 
and tumors of the respiratory epithelium were almost twice as frequent in hamsters 
fed the high β-carotene diet than in hamsters fed a low β-carotene diet.  The results 
of animal studies are equivocal.  It seems to me that any time the antioxidant studies 
fail to prevent tumors or cardiovascular disease, researchers scramble to explain 
away their “paradoxical” data, instead of just saying that the antioxidants do not 
work.    

A feature shared by the agents whose potency is increased by 1,25(OH)2D3
 is their 

ability to bring about excessive EMODs generation in their target cells. Please 
remember that vitamin D is a prooxidant. 

Vitamin D increasingly seems important for preventing and even treating many 
types of cancer. In the last three months alone, four separate studies found it helped 
protect against lymphoma and cancers of the prostate, lung and, ironically, the skin. 
The strongest evidence is for colon cancer. 

Our finding that the effect of 1,25(OH)2D3 on the cellular redox state is similar to 
that caused by an hour of exposure to the potent oxidant H2O2, provides additional 
evidence of the biological significance of the action of this hormone. This cancer 
cytotoxicity is again produced by an excess of EMODs. The data on 1,25(OH)2D3 
supports my Unified Theory by showing that EMODs are part of the perpetual 
cancer cytotoxic control mechanism. 
 
Chemiluminescent levels due to EMODs in the untreated and UVA-exposed skin 
decreased age dependently, and the signal intensities in old rats were significantly 
lower than those in young rats.  Please look at this important data.  The 
chemiluminescence decreased with aging and this is prima facia evidence that 
EMODs levels decreased in an age dependent manner.  Their data shows two 
important observations: 1) the levels of EMODs decreases with age and 2) the levels 
of EMODs is lower in old animals as compared to young animals.  Again, I believe 
that this is very important data.  
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The red cell with the largest pool of heme protein, hemoglobin, contains no heme 
oxygenase, and enzymatic degradation of the red cell heme occurs only after the 
senescent red cells are removed by the reticuloendothelial system. 

In hyperglycemic conditions, an overproduction of both superoxide and NO has 
been reported, with threefold increase in superoxide generation.  
 

 

 

 
 

• Diabetes 

• Arteriosclerosis 

• Cataracts 

• Arteriosclerosis 

• Cataracts 

• Brain function 
 
Humans lack gulonolactone oxidase, which is necessary to synthesize vitamin C and 
H2O2 is produced as a by-product in the process.  I find it incredibly ironic that in 
the synthesis of one of the most touted of all of the antioxidants, ascorbate, that the 
dreaded H2O2 is generated.  Again, I ask, “How could nature be so dumb?” 
Obviously, nature is not dumb and H2O2 is very important in maintaining 
homeostasis within the cell and as a secondary messenger. 

One group feels that the use of antioxidants with cytotoxic or radiotherapy is problematic 
since antioxidants may interfere with the mechanism of action such therapies, 
causing diminished treatment effect and protection of tumor tissue. Please 
remember that radiotherapy requires oxygen to be effective. 

This resulted in the discovery that BHT’s anticarcinogenic effect was basically a 
physical effect of blocking transmission of ultraviolet radiation through 
the skin, rather than an antioxidant effect. 

At this point, here is what I believe we know: 
High levels of EMODs can: 

• kill and possibly cure cancer  
• and dissolve arteriosclerotic plaques 

Antioxidants do not prevent or cure: 

• Cancer 

• Aging 

• Arthritis 
• Post traumatic brain damage 

 
Genetics (inheritance, heredity) is a major influence on the following: 

• Diabetes 
• Cancer 

• Aging 

• Arthritis 
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Protein bound thiol groups (especially albumin, which contains 17 disulfide bridges 
and has a single cysteine residue to neutralize peroxyl radicals) are major chain breaking 
antioxidants.  Albumin is a powerful scavenger of hypochlorous acid and is the main 
plasma defense against this oxidant.  Albumin is viewed as a sacrificial antioxidant, 
since it is damaged in the process and the thiyl radical can itself act as an oxidant. 

The entirety of the antioxidant defense agents can not prevent or control the 
diseases attributed to oxidative stress.   

I believe that the discordance between data from cohort studies and the results 
available from clinical trials disproves the Free Radi-Crap theory of aging and 
oxidative stress.  Investigators can not deal with the fact that the theory is wrong 
and many try desperately to make excuses, relative to study design or amounts or 
combinations of antioxidants used, in order to continue to perpetuate a flawed 
theory.  The Free Radi-Crap theory needs to be discarded and thrown onto the junk 
pile of erroneous theories. 

 

 

 

A preponderance of in vitro experimental studies provides a presumed 
biological rationale for the mechanisms of action of antioxidants, whereas 
epidemiologic studies strongly and erroneously sustain the "antioxidant 
hypothesis."  

No single antioxidant or combination of antioxidants significantly 
reduced the incidence of esophageal, gastric, colorectal, 
pancreatic, or hepatic cancer. When the results of all antioxidants 
and antioxidant combinations for a particular cancer were integrated, 
there was no effect on the incidence of that cancer.  

All manner of oxy-moronic speculative explanations have attempted to 
sweep the negative or neutral results of their studies under the Free 
Radi-Crap rug of denial. 

Antioxidant supplements are not without potential adverse effects. High doses of 
vitamin E may lead to hemorrhagic stroke. Long-term use of beta carotene 
supplements may increase the risk of heart disease and cancer. Many medical and 
health organizations, including the American Heart Association, have cautioned the 
public about the excessive use of antioxidant supplements, especially beta carotene, 
based on the overwhelming evidence that it might do more harm than good (Tribble, 
DL. AHA Science Advisory. Antioxidant consumption and risk of coronary heart 
disease: emphasis on vitamin C, vitamin E, and beta-carotene. A statement for healthcare 
professionals from the American Heart Association. Circulation 1999;99(4):591-5).  
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5.3 Chinese Cancer Prevention Study (1993) 
 The results showed that a combination of beta-carotene, vitamin E and selenium 

significantly reduced incidence of both gastric and cancer and cancer overall. A 
randomized study of more than 29,000 residents in rural China over a 5-year 
period reported no significant benefit of vitamin C supplements in reducing 
cardiovascular mortality. [9% lower total mortality; 13% reduction in cancer 
mortality; 21% decrease in stomach cancer mortality; no significant reduction in 
total or CV mortality] (Blot WJ, et al., 1993). 

 
5.3.1 CHOAS Trial Mortality (1996) 

 

 Lung cancer rates of Finnish male smokers increased significantly with beta- 

 

With a daily regiment of 400-800 mg vitamin E in patients with 
angiographically proven coronary atherosclerosis, CHAOS showed a 
striking, significant 77% relative decrease of risk in non-fatal myocardial 
infarction, even though paralleled by a not significant 22% increase in all 
deaths. [Nonfatal MI reduced 77%; 47% overall reduction in fatal and nonfatal 
CVD events; no effect on overall mortality] (Stephens, NG, 1996). 

5.3.2 Alpha-tocopherol/Beta-Carotene Cancer Prevention Study (ATBC) 
(1994) 

carotene intake and were not benefited by vitamin E. After 6 years of follow-up, 
the ATBC trial in 29,133 (pooled) male smokers in Finland found an 18% 
excess of lung cancer in participants receiving beta-carotene.  Beta carotene 
increased risk for major coronary events by 14%. Vitamin E had no effect 
and showed no interaction with beta-carotene in the ATBC study.  [Nonfatal 
MI 32% lower for vitamin E users; no effect of vitamin E on lung cancer; 
reduction in prostate cancer Beta-carotene group had 11% higher  CVD and 18% 
more lung cancer deaths; beta-carotene-only and combination-therapy groups had 
significantly higher rates of fatal CHD]. This trial was stopped early. 

   
5.3.3 ATBC Sub-study Shows Increased CVD Deaths (1997) 

1862 men enrolled in the alpha-tocopherol beta-carotene Cancer Prevention 
Study, who had a previous myocardial infarction, with a follow-up was 5.3 
years, were evaluated. There were no significant differences in the number of 
major coronary events between any supplementation group and the placebo 
group. There were significantly more deaths from fatal coronary heart 
disease in the beta-carotene and combined alpha-tocopherol and beta-
carotene groups than in the placebo group. The risk of fatal coronary heart 
disease increased in the groups that received either beta-carotene or the 
combination of alpha-tocopherol and beta-carotene. They do not recommend 
the use of alpha-tocopherol or beta-carotene supplements in this group of 
patients (Rapola JM, et al., 1997). 
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5.3.4 The Beta-Carotene and Retinol Efficacy Trial (CARET) (1996) 
18,314 smokers, former smokers, and workers exposed to asbestos, were 
given a combination of b-carotene and vitamin A and followed for 4.0 years. 

 

5.3.5 Physicians' Health Study I (PHS I) (1996) 

β-carotene in US Physicians and Malignant Neoplasms or CVD (1996) 

 

The combination of beta carotene and vitamin A had no benefit and may 
have had an adverse effect on the incidence of lung cancer and on the risk of 
death from lung cancer, cardiovascular disease, and any cause in smokers 
and workers exposed to asbestos.  [28% increase in lung cancer incidence; 26% 
(nonsignificant) increase in CVD for treatment group] On the basis of these 
findings, the randomized trial was stopped 21 months earlier than planned 
(Omenn GS, et al., 1996). 

 

In 22,071 US male physicians, there were virtually no early or late 
differences in the overall incidence of malignant neoplasms or cardiovascular 
disease, or in overall mortality. Among healthy men, 12 years of 
supplementation with beta carotene (50 mg on alternate days) produced 
neither benefit nor harm in terms of the incidence of malignant neoplasms, 
cardiovascular disease, or death from all causes. [No effects on CVD (nonfatal 
MI, stroke) or cancer even among smokers] (Hennekens CH, et al., 1996). 

5.3.6 The Women’s Health Study (1999) 
In 39,876 healthy women aged 45 years or older, there was no benefit or 
harm from beta-carotene supplementation after a median of 4.1 years on the 
incidence of cancer and of cardiovascular disease [No effect on cancer 
incidence, CVD, or total deaths] (Lee IM, et al. 1999).  

  
5.3.7 The Heart Outcomes Prevention Evaluation Study Investigators 
(HOPE) (2000) 

In a study of a total of 9,541 patients at high risk for cardiovascular events or 
diabetes, treatment with vitamin E for a mean of 4.5 years had no apparent 
effect on cardiovascular outcomes. There were no significant differences in 
the numbers of deaths from cardiovascular causes, myocardial infarction, or 
stroke. There were no significant differences in the incidence of secondary 
cardiovascular outcomes or in death from any cause [Vitamin E group had no 
benefit; fish oil group had 15% decreased risk of death, nonfatal MI, and stroke] 
(Yusuf S, et al., 2000).  
 
 

5.3.8 The GISSI Trial (1999) 
The GISSI trial, which followed 11,324 patients with recent heart attacks, 
showed no benefit from use of vitamin E supplements for up to 2 years.  
The results of GISSI-Prevenzione indicate that in patients who have had a 
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myocardial infarction, n-3 PUFA supplements, but not the moderate dose of 
synthetic vitamin E, reduced long-term complications of myocardial infarction to 
a clinically important extent. [Vitamin E group had no benefit; fish oil group had 
15% decreased risk of death, nonfatal MI, and stroke] (Lancet 1999). 

 
5.3.9 The Perth Carotid Ultrasound Disease Assessment study (CUDAS) 

 

This was a randomized, double-blind trial of 423 postmenopausal women with 
at least one 15% to 75% coronary stenosis at baseline coronary angiography. In 
postmenopausal women with coronary disease, neither HRT nor antioxidant 
vitamin supplements (vitamins C & E) 

(Waters et al, 2002). 

5.3.11 Age-Related Eye Disease Study Research Group (AREDS) (2001) 

 

445 patients were followed for 3 years after treatment with oral Vitamins E, 
C and beta-carotene. After two years of treatment, there was 

here was 
of treatment in the U.K. group. (Chylack LT Jr, 2002.). 

5.3.13 The Nurses’ Health Study (1998) and Folic Acid and Colon 
Cancer (1998) 

Studied 88,756 women over an 8-year period, and the use of vitamin C and 
beta carotene supplements 
88,756 women from the Nurses' Health Study, who used multivitamins 
containing folic acid, had 
of use and had 
use. Long-term use of over 15 years of multivitamins may substantially 
reduce risk for colon cancer. This effect may be related to the folic acid 
contained in multivitamins. (Giovannucci E, et al., 1998). 

This study of 1,111 subjects provides limited support for the hypothesis that 
increased dietary intake of vitamin E and increased plasma lycopene may 
decrease the risk of atherosclerosis. No benefit was demonstrated for 
supplemental antioxidant vitamin use (McQuillan BM, et al., 2001). 

5.3.10 The Women's Angiographic Vitamin and Estrogen (WAVE) Trial 
(2002) 

provide no cardiovascular benefit. 
Instead, a potential for harm was suggested and seen with each treatment 

a small positive 
treatment effect in U.S. patients. T no statistically significant benefit 

did not lead to any reduction in heart disease risk.   

no benefit with respect to colon cancer after 4 years 
no significant risk reductions after 5 to 9 or 10 to 14 years of 

 

Use of a high-dose formulation of vitamin C, vitamin E, and beta carotene in 
4,757 participants, relatively well-nourished older adult cohort, had no 
apparent effect on the 7-year risk of development or progression of age-
related lens opacities or visual acuity loss. (Arch Ophthalmol. 2001 Oct.). 

5.3.12 The Roche European American Cataract Trial (REACT) (2002) 
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5.3.14 Antioxidant Vitamins and US Physician CVD Mortality (2002) 

5.3.15 Antioxidant Vitamin Effect on Traditional CVD Risk Factors 
(1997) 

83,639 male physicians residing in the United States use of supplements 
(vitamin E, ascorbic acid (vitamin C), and multivitamin supplements) was 
reported by 29% of the participants (16,727 patients). US male physicians, 
self-selected supplementation with vitamin E, vitamin C, or multivitamins 
was not associated with a significant decrease in total CVD or CHD 
mortality. (Muntwyler J, et al. 2002). 

In 297 retired teachers, after 2-4 months of supplementation the combined 
antioxidant supplement had no significant effect on the systolic and diastolic 
blood pressures, fasting serum lipids (total cholesterol, high-density 
lipoprotein cholesterol, and LDL cholesterol) and fasting glucose, with 
unadjusted and adjusted analyses. (Miller ER 3rd, et al., 1997) 

 

 

5.3.16 Meta-analysis of Vitamin E in CVD, Ischemic Heart Disease and 
Mortality (2000) 

There have been only a few large observational studies and one randomized 
trial with vitamin C, which have shown no beneficial or deleterious impact of 
this vitamin on cardiovascular events. Most large observational studies have 
shown an inverse relationship between vitamin E and IHD. However, a meta-
analysis of the four randomized trials done in Europe and America involving 
a total of 51,000 participants allocated to vitamin E or placebo for 1.4 to 6 
years, did not demonstrate a reduction in cardiovascular and IHD mortality 
and nonfatal myocardial infarction. Currently, there are no data to support 
the use of these vitamins to reduce the risk of cardiovascular events. 
(Dagenais GR, et al., 2002). 

5.3.17 Statins, Niacin and Antioxidant vitamins and Coronary Disease 
(2001) 

In 160 patients with coronary disease, the mean levels of LDL and HDL 
cholesterol were unaltered in the antioxidant group and the placebo group. 
The use of antioxidant vitamins in this setting must be questioned (Brown 
BG, et al 2001). 
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5.3.18 Effect of B-group Vitamins and Antioxidant Vitamins on 
Hyperhomocysteinemia (1998) 

101 men completed the 8-wk B-group vitamins with antioxidant vitamins, or 
placebo intervention. Homocysteine concentrations had significant decreases 
in both groups receiving B-group vitamins either with or without 
antioxidants. The effect of B-group vitamins alone over 8 wk was a reduction 
in homocysteine concentrations, whereas antioxidants alone produced a 
nonsignificant increase. (Woodside JV, et al. 1998). 

5.3.19 The Health Professionals Follow-up Study (1999) 

43,738 men were followed for 8 years. Vitamin E and vitamin C supplements 
and specific carotenoids did not substantially reduce risk for stroke in this 
cohort. (Ascherio A, et al. 1999).  

5.3.20 Polyp Prevention Study Group (1994)  

751 completed the four-year clinical trial. There was no evidence that either 
beta carotene or vitamins C and E reduced the incidence of adenomas. 
Neither treatment was effective in any subgroup of patients or in the 
prevention of any subtype of polyp defined by size or location. The lack of 
efficacy of these vitamins argues against the use of supplemental beta 
carotene and vitamins C and E to prevent colorectal cancer. (Greenberg ER, 
et al. 1994). 

These 20+ scientific clinical human studies have reviewed the data on over 500,000 
patients and should be considered reliable. 
 
5.4 American Heart Association Warning  
 
The American Heart Association has cautioned the public about the excessive use of 
antioxidant supplements, especially beta carotene, based on the overwhelming 
evidence that it might do more harm than good. 
 
The notion that antioxidant supplements can prevent heart disease has not been 
proven or supported by current clinical evidence.  To the contrary, it has been 
proven that they do not prevent heart disease. 
 
Because of the failure of randomized trials to demonstrate a benefit from taking 
antioxidants, both the American Heart Association and the Institute of Medicine 
have released recent statements saying that, while a diet rich in antioxidant vitamins 
seem prudent, there is insufficient evidence to recommend using supplements of 
vitamin C, vitamin E, beta-carotene, selenium, or other antioxidants to prevent 
heart disease. 
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Nearly everyone who lives long enough will develop cataracts.  I believe that this 
could also be said for cancer, aging and arteriosclerosis. 
 
An antioxidant depleted diet dramatically increased apoptosis in mouse tumor cells 
but did not affect normal tissue. 
 

 

 

The initial enthusiasm for antioxidant therapy to prevent or treat cardiovascular disease 
has been substantially tempered by a series of negative clinical trials for both 
vitamins E and C and ß-carotene. Most of the vitamin E results have been in secondary 
prevention trials, whereas ß-carotene has not been efficacious even in primary prevention. 
The only recent trial to show a possible benefit of vitamin E was for secondary prevention 
in patients with end-stage renal disease. The Alpha Tocopherol Beta Carotene Cancer 
Prevention Trial reported an increase in cerebral hemorrhage for participants who were 

taking 50 mg of vitamin E daily compared with placebo (Jialal I,). 

The initial enthusiasm for antioxidant therapy to prevent or treat cardiovascular disease 
has been substantially tempered by a series of negative clinical trials for both 
vitamins E and C and ß-carotene. Most of the vitamin E results have been in secondary 
prevention trials, whereas ß-carotene has not been efficacious even in primary prevention. 
The only recent trial to show a possible benefit of vitamin E was for secondary prevention 
in patients with end-stage renal disease. The Alpha Tocopherol Beta Carotene Cancer 
Prevention Trial reported an increase in cerebral hemorrhage for participants who were 

taking 50 mg of vitamin E daily compared with placebo (Jialal I,). Given the lack of 
efficacy of antioxidants in clinical trials to date, antioxidant vitamin combinations 
above the recommended dietary allowances should not be recommended for 
prevention or treatment of cardiovascular disease. It will be important that 
physicians advise their patients that the use of antioxidants could be hazardous, 
especially in combination with lipid-lowering drugs (Lewis H. Kuller).  

The U.S. Preventive Services Task Force (USPSTF) concludes that the evidence is 
insufficient to recommend for or against the use of supplements of vitamins A, C, 
or E; multivitamins with folic acid; or antioxidant combinations for the prevention 
of cancer or cardiovascular disease.  The USPSTF recommends against the use of 
beta-carotene supplements, either alone or in combination, for the prevention of 
cancer or cardiovascular disease (Routine Vitamin supplementation to prevent cancer 
and cardiovascular disease. U.S. Preventive Services Task Force, New Topic, 2003). 

In the past 5 years, a number of controlled clinical studies have reported the effects of 
antioxidant vitamin and mineral supplements on CVD risk.  These studies have been the 
subject of several recent reviews. In general, the studies differ with regard to subject 

populations studied, type and dose of antioxidant/cocktail administered, length of study, 
and study end points. Overall, the studies have been conducted on post–myocardial 
infarction subjects or subjects at high risk for CVD, although some studied healthy 

subjects. In addition to dosage differences in vitamin E studies, some trials used the 
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synthetic form, whereas others used the natural form of the vitamin. With regard to the 
other antioxidants, different doses were administered (e.g., for ß-carotene and vitamin 
C). The antioxidant cocktail formulations used also varied. Moreover, subjects were 
followed up for at least 1 year and for as long as 12 years. In addition, a meta-analysis 
of 15 studies (7 studies of vitamin E, 50 to 800 IU; 8 studies of ß-carotene, 15 to 50 mg) 
with 1000 or more subjects per trial has been conducted to ascertain the effects of 
antioxidant vitamins on cardiovascular morbidity and mortality (Vivekananthan DP,). 
Collectively, for the most part, clinical trials have failed to demonstrate a beneficial 
effect of antioxidant supplements on CVD morbidity and mortality. With regard 
to the meta-analysis, the lack of efficacy was demonstrated consistently for 
different doses of various antioxidants in diverse population groups (P M. Kris-
Etherton,). 

Although the preponderance of clinical trial evidence has not shown beneficial effects of 
antioxidant supplements, evidence from some smaller studies documents a benefit of -
tocopherol (Cambridge Heart AntiOxidant Study, Secondary Prevention with 

Antioxidants of Cardiovascular disease in End-stage renal disease study), -tocopherol 
and slow-release vitamin C (Antioxidant Supplementation in Atherosclerosis Prevention 
study), and vitamin C plus vitamin E (Intravascular Ultrasonography Study) on 
cardiovascular end points. There is some evidence of potentially adverse effects of 
antioxidant supplements on CVD as assessed by angiographic end points. In the 
Women’s Angiographic Vitamin and Estrogen Study, postmenopausal women with 
coronary disease on hormone replacement therapy given vitamin E plus vitamin C had an 
unexpected significantly higher all-cause mortality rate and a trend for an increased 

cardiovascular mortality rate compared with the vitamin placebo women (Waters DD,).  

Likewise, in the HDL-Atherosclerosis Treatment Study, subjects with angiographically 
demonstrated coronary artery disease on simvastatin/niacin and an antioxidant cocktail 
(vitamin E, ß-carotene, vitamin C, and selenium) had a 0.7% progression in stenosis after 
3 years, compared with 0.4% regression in the group on only simvastatin/niacin. Thus, 
antioxidant supplements may have interfered with the efficacy of statin-plus-niacin 

therapy (Brown BG,). Further evaluation showed that the addition of the antioxidant 
vitamins blunted the expected rise in the protective HDL-2 cholesterol and apolipoprotein 
A1 subfractions of HDL. In general, the studies showing either positive or adverse effects 

(especially for vitamins E, vitamins E and C, and the antioxidant cocktails) are much 
smaller studies than the larger clinical trials that consistently have not shown any 
beneficial effects of antioxidant supplements on several CVD end points. 

Thus, in agreement with many in the field, it is concluded that the existing scientific 
database does not justify routine use of antioxidant supplements for the prevention and 
treatment of CVD (P M. Kris-Etherton, A H. Lichtenstein, B V. Howard, D Steinberg, J 
L. Witztum, for the Nutrition Committee of the American Heart Association Council on 
Nutrition, Physical Activity, and Metabolism. Antioxidant Vitamin Supplements and 
Cardiovascular Disease. Circulation. 2004;110:637-641). This conclusion is consistent 
with the American College of Cardiology/American Heart Association 2002 Guideline 
Update for the management of patients with chronic stable angina, which states that 
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there is no basis for recommending that patients take vitamin C or E supplements 
or other antioxidants for the express purpose of preventing or treating coronary 
artery disease (Class III, Level A Evidence) (Gibbons RJ,).  

In addition, "Evidence-Based Guidelines for Cardiovascular Disease Prevention in 
Women" concludes that antioxidant vitamin supplements should not be used to 
prevent CVD, pending the results of ongoing trials (Class III, Level A Evidence) 
(Mosca L,).  

Whether or not to use vitamin E in highly specialized situations, such as in subjects on 
hemodialysis, also remains unsettled until further studies in this setting are conducted 
(Boaz M,). Moreover, although there is some evidence of beneficial effects of 
antioxidant supplements, it also is apparent that some studies suggest adverse effects of 
antioxidant supplement use. An important question is: What should we be doing in 
clinical practice? At this time, there is little reason to advise that individuals take 
antioxidant supplements to reduce risk of CVD. It will be important to clarify the 
discrepancy between the randomized clinical trials and the population studies. The 
positive findings from observational studies with regard to vitamin E supplementation 
and lower rates of CVD may be a reflection of the generally healthy lifestyles and 
dietary intakes of supplement users. At this time, the scientific evidence supports 
recommending consumption of a diet high in food sources of antioxidants and other 
cardioprotective nutrients, such as fruits, vegetables, whole grains, and nuts, instead of 
antioxidant supplements to reduce risk of CVD.  It does not support the use of 
antioxidant vitamin supplements. 

In 1998, The Medical Letter concluded: 

• The benefits of taking high doses of vitamin E remain to be established.  
• There is no convincing evidence that taking supplements of vitamin C prevents 

any disease.  
• No one should take beta carotene supplements (Vitamin supplements. The 

Medical Letter on Drugs and Therapeutics 40:75-77, 1998).  

In 2003, researchers at the Cleveland Clinic concluded that long-term supplementation 
with vitamin E or beta-carotene has not been proven beneficial in preventing 
cardiovascular disease. To reach this conclusion, they analyzed seven randomized 
controlled trials of vitamin E treatment and eight of beta-carotene treatment, all of 
which included at least 1,000 patients. The dosage ranged from 50 to 800 IU for 
vitamin E and 15 to 50 mg of beta-carotene; and follow-up ranged from 1.4 to 12.0 
years. The vitamin E trials involved a total of 81,788 patients, and the beta-carotene 
trials involved 138,113. Compared with control treatment, Vitamin E did not increase 
the overall death rate or significantly decrease the risk of cardiovascular death or 
stroke. Beta-carotene led to a small but significant increase in overall deaths and a 
slight increase in cardiovascular death. Thus, although epidemiologic evidence has 
suggested that these antioxidant supplements may be beneficial, clinical trials have 
found otherwise (Vivekananthan, DP). 
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Despite the negative findings of most of the clinical trials, manufacturers continue to 
promote antioxidants as though they have been proven beneficial “wonder drugs.”  
Many also hype mixtures of beta-carotene and other carotenoids, which, they suggest, 
may provide the same benefits as fruits and vegetables, which they know is not true. The 
FDA will not permit any of these substances to be labeled or marketed with claims 
that they can prevent disease. The increased death rate from lung cancer in smokers 
who took beta carotene is evidence enough that high doses of vitamins and minerals are 
not necessarily harmless and may be fatal. In 2002, Pharmanex began promoting its 
BioPhotonic Scanner for measuring "the antioxidant level in the body" when a person's 
hand is placed in front of the device. The test is said to measure carotenoid level. This is 
another example of “the blind leading the blind” but for a price. 

The concentration of free transition metals in vivo is negligible, and there is little 
convincing evidence that they are important in LDL oxidation in the vessel wall.   

Probucol is a phenolic antioxidant that is structurally unrelated to vitamin E.  A 
problem with probucol is that it lowers HDL and prolongs the QT interval with 
proarrhythmic risk.  Paradoxically, probucol promotes atherosclerosis in the aortic 
root of LDL receptor-deficient and apoE mice, raising the question of its molecular 
action in vivo. Important evidence for a cardioprotective effect of probucol independent 
of its antioxidant activity comes from studies in restenosis.  Thus, the landmark Multi-
Vitamins and Probucol Trial showed that probucol reduces restenosis after balloon 
angioplasty, whereas an antioxidant cocktail comprising of α-TOH, ascorbate and β-
carotene not only failed to be effective, but also prevented the beneficial action of 
probucol. 
 
There is no evidence that singlet oxygen plays a significant role in cardiovascular 
disease.  There is no evidence from controlled studies that carotenoid supplement 
reduces the risk of CVD (Mashima, R). 
 
6.3.6 Exercise 
Exercise in the lower extremities may affect endothelial vasomotion in remote 
organs such as the arm, suggesting that exercise has systemic and possibly sustained 
beneficial effects (Green, D.). Aging is associated with a reduction of physical activity 
and fitness (Mazzeo, R.S.). Nutritional additives such as vitamins, appear to be 
largely ineffective in interfering with age-dependent functional changes associated 
with aging.   
 
6.3.7 Hyperbaric oxygen (HBO) 
Hyperbaric oxygen (HBO) treatment of cholesterol-fed rabbits dramatically reduces 
the development of arterial lesions despite having little or no effect on plasma or 
individual lipoprotein cholesterol concentrations.  HBO treatment also substantially 
reduces the accumulation of lipid oxidation products (conjugated dienes, trienes and 
thiobarbituric acid-reactive substances) in plasma, in the low density lipoprotein and 
high density lipoprotein fractions of plasma, in the liver, and in the aortic tissues.  HBO 
significantly accelerates aortic lesion regression.  
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The plaque regression was not due to increased antioxidants but was due to 
increased EMODs, which are well known products of HBO2.  Further, 
administration of HBO2 should, according to the Free Radi-Crap theory, cause 
increased lipid oxidation and plaque formation.  Whereas, just the opposite is the 
result in experimental animals, whereby HBO2 causes increased regression of 
plaque and decreases accumulation of lipid oxidation products.  This is one of my 
most important observations. 
 
6.3.9 Iron Overload (FeO) 
FeO significantly decreased aortic arch lesion formation by 56% compared with 
controls (P < 0.5), whereas FeD had no significant effect. I believe that this directly 
contradicts the Free Radi-Crap theory, which states that increased iron loads should 
increase EMODs, increase hydroxyl radical production and increase atherosclerosis. 
 
I believe that the timing of the increased EMODs is a key factor in understanding 
the scenario of atherosclerosis and evidence indicates that there is an initial increase 
in antioxidant enzymes which precedes atherosclerotic changes and “allows” for the 
formation of lesions.  The body then reacts oxidatively to challenge or correct this 
diseased condition. 
 
I believe that this illustrates my point that the primary response that the body has to 
injury is to an oxidative one.  After all, what other major response is there to 
injury? 

Exposure to secondhand smoke also impairs acutely coronary endothelial function 
(Otsuka, R.). 

I believe that the effect of decreased NO, due to its reaction with superoxide anion, 
results in the effects of decreased levels of O2

.- and decreased levels of NO., with the 
formation of ONOO. Perhaps, it is the loss of superoxide anion, and not nitric oxide, 
which is the more important factor contributing to the development of 
atherosclerosis. 
 
6.3.10 Increased EMODs Stimuli:  Ischemia-reperfusion 
 
It has been identified that cytokines, including tumor necrosis factor-γ (TNF-γ), 
interferon-γ (IFN-γ), interleukin-1,-6 (IL-1, IL-6), and angiotensin II (Ang II) 
stimulate intracellular generation of EMODs. High levels of low-density lipoprotein 
(LDL), especially in the form of oxidized low-density lipoprotein (ox-LDL), have 
also been shown to increase intracellular EMODs generation. Growth factors, such 
as platelet-derived growth factor (PDGF) and epidermal growth factor (EGF) as 
well as vascular endothelial growth factor (VEGF), and hormones, such as insulin, 
all greatly induce intracellular EMODs generation. Other forms of EMODs 
production are the catecholamine autoxidation and the neutrophil NADPH-oxidase 
enzyme. 
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The cyclooxygenase pathway produces prostacyclin (PGI-2) in the endothelium; it is 
a vasodilator and also inhibits the platelet aggregation. Thromboxane A2 is a potent 
platelet aggregator and vasoconstrictor that impairs the microcirculation.  
 
After ischemia, tissues were shown to contain an accumulation of xanthine oxidase. 
This enzyme uses the molecular oxygen, which is available as the final electron 
acceptor. This reaction produces singlet oxygen molecules. 
 
When neutrophils adhere to the endothelium, they are activated and release 
different proteolytic enzymes, such as myeloperoxidases, proteases, collagenases and 
elastases, which damage tissues and modify the function of the endothelium. 
 
Mast cells in the interstitial space are activated and release granules containing 
histamine, proteases, proteoglycans, prostacyclins, leukotrienes and kinins. They 
synthesize and release nitric oxide (NO), a free radical gas with vasodilating and anti-
platelet aggregation actions; it is also toxic for bacteria. 
 
Neutrophils are highly important in the mechanisms of IR injuries. 
 
One of the mechanisms that cause cellular death resultant from IR is the activation 
of the caspase cascade (cysteine-derived proteases). Controlled reperfusion has been 
used to prevent limbs amputation and reduce systemic alterations. 
Five anti-atherosclerotic agents that have exhibited anti-oxidant effects, albeit to 
varying degrees (1) probucol; (2) HMG-CoA reductase inhibitors; (3) AT1R blockers and 
ACE inhibitors; (4) vitamins E and C; and (5) peroxisome proliferator-activated receptor-
γ (PPAR-γ) ligands.  Clinical results are quite controversial. 
 
Proof of principle of the efficacy of antioxidants, or of interfering with systems that 
generate EMODs, has been attempted in animal models of atherogenesis, atherosclerosis 
regression, and reperfusion injury.  Yet, after decades of research, most have reached 
disappointing conclusions, again illustrating the repeated failures of antioxidant 
therapy and repeatedly demonstrating that the Free Radi-Crap theory is wrong and 
misleading. (Hennekens, C.H.). 
 

 
 

 

We have seen over and over again that factors which increase EMODs result in the 
regression of atherosclerotic lesions and that vitamin supplements and antioxidants 
fail to do so.  There is a point of convergence in the biochemical mechanisms for 
HBO, hyperoxia, PDT, and the Howes’ singlet oxygen therapy system, in that they 
all increase production of EMODs, especially O2

.-, H2O2 and 1O2. 

Virtually all types of vascular cells produce O2
-. and H2O2 (Griendling, K. K.). 
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In addition to mitochondrial sources of EMODs, O2
-. and/or H2O2, can be derived from: 

-xanthine oxidase 
-cyclooxygenase 
-lipoxygenase 
-NO synthase  
-heme oxygenases  
-peroxidases  
-hemoproteins such as heme and hematin  
-and NAD(P)H oxidases.   
 
The tight regulation of both production and removal of EMODs makes fluctuations 
in their levels transient, another requirement for second messengers. EMODs may also 
act as an intracellular “rheostat,” closely modulating the activity of a discrete set of 
biochemical reactions. 
 
ACE inhibitors, and angiotensin-receptor antagonists have antioxidant effects not 
because they scavenge radicals but because they block production of radicals. 
 

Taking vitamin E doesn't protect head and neck cancer patients from developing 
new tumors, Canadian researchers report. In fact, it may actually raise the risk of 
developing a second cancer.  The study, published in the Journal of the National 
Cancer Institute (Vol. 97, No. 7: 481-488), is the second recent piece of research to 
cast doubt on the use of vitamin E against cancer. In 2005, a team of international 
researchers said vitamin E supplements don't offer any protection against cancer 
but may well raise the risk of heart failure in some patients. 

In SMCs, H2O2, has been shown to activate p38 MAPK, JNK and big MAPK-1. In 
neonatal rat ventricular myocytes, all 3 MAPKs (ERK1/2, p38 MAPK, and JNK) have 
been demonstrated to be activated by H2O2. H2O2 and lipid hydroperoxides activate 
phospholipase D in endothelial cells.  In mouse fibroblasts, H2O2, activate JAK2 via 
Fyn Kinase, resulting in the stimulation of Ras activity. 
 
EMODs regulate several general classes of genes including:  
-adhesion molecules and chemotactic factors  
-antioxidant enzymes  
-and vasoactive substances. 
 
It appears to me that the body reacts to the injury of angioplasty, the cardiac by-
pass pump and hemodialysis by triggering the oxidative self-healing system. Vein 
grafts remain the mainstay of surgical treatment for peripheral and coronary artery 
disease but are prone to failure caused by accelerated atherosclerosis and occlusion, 
occurring at rates of >50% at 10 years after implantation. Vein grafts are 
characterized by intimal hyperplasia. O2

.- production is increased in vein grafts.  
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The various factors known to cause cancer also induce chronic inflammatory 
responses. A wide array of chronic inflammatory conditions predisposes susceptible cells 
to neoplastic transformation.  Most of the resulting tumors are of epithelial cell origin 
(carcinomas). The most widely studied and best established of these links are colon 
carcinoma associated with inflammatory bowel disease (chronic ulcerative colitis and 
Crohn’s disease), esophageal adenocarcinoma associated with reflux esophagitis 
(Barrett’s esophagus), hepatitis predisposing to liver cancer, schistosomiasis causing an 
increased risk of bladder and colon carcinomas, and chronic Helicobacter infection 
leading to cancer of the stomach. Some increase in the incidence of lymphoma is also 
seen, particularly mucosa-associated lymphoid tissue (MALT) lymphoma. 

It is well established that hepatitis B virus can cause (or is associated with) liver 
cancer. 
 

The role of genetic factors in ulcerative colitis (UC) has been strongly supported by 
genetic epidemiologic studies. Higher concordance occurs among monozygotic twins 
than dizygotic twins. In my opinion, this reduces the frequently causative 
accusations for EMODs in ulcerative colitis and inflammatory bowel disease. 
Obviously, the longer there are deficiency levels of EMODs, the more likely is the 
“allowance” of neoplasia and the manifestation of cancer.  This data indicates that 
there can be minimal reductions in EMODs production levels, which must be 
present for many years before “allowance” of cancer occurs. Anti-inflammatory 
steroids can lead to greater numbers of infections and cancers. 

Bacterial, viral, and parasitic infections can all lead to cancer if left unchecked.  Of 
course, the fact that an infection is chronic indicates that the body can not generate 
adequate EMODs levels to clear it up and thus, there is a relative deficiency level of 
EMODs at that site.  This deficiency level of EMODs is what leads to the 
“allowance” of cancer manifestation at that site. 

Chronic schistosomiasis induces cystitis and fibrosis and increases the incidence of 
carcinoma of the bladder, liver, and rectum, and follicular lymphoma of the spleen. 

Epstein-Barr virus (EBV) is associated with B-cell non-Hodgkin’s lymphoma. 
Among RNA retroviruses, the human immunodeficiency virus (HIV) predisposes to the 
development of non-Hodgkin’s lymphoma, squamous cell carcinomas, and Kaposi’s 
sarcoma.  

The body responds to an injury with an attempt at oxidative healing.  The 
inflammatory response cells which produce EMODs are at the site due to the injury 
and not as a causative factor in carcinogenesis.  I believe that the body may be 
thinking that it can possibly detoxify the injurious chemicals at the site, with 
mechanisms such as the cytochrome P450 detoxifying system.  I believe that the 
concentrations of the injurious chemicals and acids are the mutagens and not the 
EMODs.   
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Generally, cancer cells are hypoxic and do not respond to apoptotic signals from 
EMODs as they should. For a mutation to occur, the damage to the DNA must 
survive the many DNA repair processes and must be readable by DNA polymerase, 
which creates and locks in the mutation.  Tumorigenesis requires new blood vessel 
formation (angiogenesis, neovascularization) in solid tissues. Antiangiogenic therapy 
was the rage in the 1990s for eradicating cancers in mice but subsequent clinical studies 
were failures.  Antiangiogenic drugs kill the very blood vessels needed to deliver 
oxygen and drugs to the tumor and oxygen is required for effective radiation 
therapy to be successful. 

Formation of collateral circulation has been credited as a life saving event.  The 
following study found that EMODs are triggers for collateral development and that 
this response could be blocked with the antioxidant, NAC. Recent investigations in 
signal transduction demonstrate that EMODs at a low concentration may also serve 
as an intracellular messenger to induce "defensive" or "repair" mechanisms against 
tissue injury. For example, EMODs generation during ischemic preconditioning 
mediate the protection against prolonged ischemia.  

EMODs have been demonstrated to enhance proliferation of vascular smooth muscle 
(VSMC) and endothelial cells (EC), which are primary features in the process of 
coronary collateralization. Depletion of EMODs abolishes coronary collateral 
development. EMODs scavengers, including pyrrolidine dithiocarbonate, 
superoxide dismutase, and catalase, blocked tube formation.  I interpret this to 
mean that patients who are taking antioxidants, following ischemia or infarction, 
may well be at additional risk because these antioxidants will block their attempts to 
form collateral circulation. 

Cells dying by apoptosis are recognized and taken up by phagocytic cells before they 
have an opportunity to lyse and release their content into the tissue. 

Further processing of damaged DNA leads to proneoplastic mutations, including 
point mutations, deletions, sister chromatid exchanges, and chromosomal 
translocations. Other authors point out that neither superoxide anion nor hydrogen 
peroxide will produce DNA oxidative changes but singlet oxygen is capable of 
producing the 8-OH guanosine derivative. 

It is important to point out that antioxidants have failed to prevent, control or 
reverse cancer.  Thus, the theory is wrong and it is time that researchers stop 
incriminating EMODs as a mutagenic agent merely because artifactual in vitro data 
suggests that oxidative attacks on DNA may increase the risk of mutagenesis.   We 
must never forget that in vitro studies may have little resemblance to the events 
occurring in the living/breathing cell. 

The hydroxyl radical scavengers are dimethyl sulfoxide, diethylurea, and thiourea. 
These hydroxyl scavenging agents include: dimethyl sulfoxide, benzoate, thiourea, 
dimethylurea, tetramethylurea, L-tryptophan, mannitol, and several other alcohols. 
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The above data indicates that the hydroxyl radical has natural scavengers of the 
urea group and L-tryptophan.  Again, to me, this does not appear to be much 
naturally evolved protection for such a purported dangerous oxidizing agent. 

Although the preponderance of the data supports the theory that reactive oxygen 
species contributes to mutagenesis, I do not believe that it is so.  Presently, there is 
increasing evidence against the Free Radi-Crap theory of oxidative stress and aging, 
the most significant of which, is the simple fact that antioxidants do not prevent, 
control or reverse cancer and atherosclerotic disease.  If these diseases are due to 
oxidation, then antioxidants should stop them, but they do not.  In fact, there is 
increasing evidence that patients taking various form of β-carotene and α-
tocopherol and vitamin C, have had increasing strokes, cancers and fatal 
cardiovascular events. 

Some cytokines may also promote tumorigenesis by inducing immunosuppression. 

The Food and Nutrition Board of the Institute of Medicine recently examined the role of 
oxidants in disease in order to determine whether dietary antioxidants inhibit the 
development of chronic diseases such as atherosclerosis and cancer (see 
http://books.nap.edu/books/0309061873/html/index.html). The panel of experts 
concluded that, at present, there are insufficient human data to conclude that 
dietary antioxidants, such as vitamins C and E, carotenoids, and selenium, can 
prevent cancer. The lack of supportive evidence is due, in part, to the fact that the 
Free Radi-Crap theory is wrong.   

Known hypochlorite scavengers are (lipoic acid, cysteine, and glutathione. Well-
known HOCl scavengers are S-methylated glutathione, oxidized lipoate, methionine 
and N-acetylcysteine. Flavonoids were found to be good hypochlorite scavengers in-
vitro. Melatonin scavenges several oxygen-derived reactive agents including the 
hydroxyl radical (OH), hydrogen peroxide (H2O2), singlet oxygen (1O2) and 
hypochlorous acid (HOCl). Additionally, melatonin reportedly reacts with nitric 
oxide (NO), the peroxynitrite anion (ONOO-) and/or peroxynitrous acid (ONOOH) 
to detoxify them. 

Celebrex produces a 2.5 fold increase in heart attacks. The heart risk extends 
beyond medications like Bextra, Vioxx and Celebrex to the larger family of pain 
relievers known as non-steroidal anti-inflammatory drugs, or NSAIDs.  

Obese women were twice as likely as women of normal weight to develop 
Alzheimer's disease or other types of dementia, while for men the risk increased by 
30 percent. I believe that it is because obese people have a relative constant hypoxia, 
which means that the oxygen dependent brain is gradually affected over time to 
develop dementia.  It has a deficiency state of oxygen and consequently, EMODs 
deficiency, which is necessary for proper brain function. This would also explain the 
associated onset of diseases such as heart disease and diabetes, which are increased 
in obese patients. 
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Linoleic and alpha linolenic acids are both polyunsaturates which cannot be 
produced by the body. If the double bond starts after the third carbon it is classified 
as an omega-3 fatty acid; if it starts after the sixth carbon, it is an omega-6 fatty acid 
and so on. Alpha linolenic acid is an omega-3 fatty acid and helps reduce the risk of 
stroke and coronary heart disease. 

It is recommended that the term ‘adipokine’ be universally adopted to describe a 
protein that is secreted from (and synthesised by) adipocytes. The adipokinome 
(which together with lipid moieties released, such as fatty acids and prostaglandins, 
constitute the secretome of fat cells). Adipokines involved in inflammation are 
(TNF , IL-1 , IL-6, IL-8, IL-10, transforming growth factor- , nerve growth factor) 
and the acute-phase response (plasminogen activator inhibitor-1, haptoglobin, 
serum amyloid A). The obese are characterised by a state of chronic low-grade 
inflammation. These events reflect hypoxia in parts of the growing adipose tissue mass 
in advance of (before) angiogenesis.  

Hypoxia (1% O2) strongly increased EMODs generation, hypoxia-inducible factor-1 
(HIF-1α) and CHOP-10/GADD153 expression, and inhibited adipocyte 
differentiation. These data demonstrate that mitochondrial EMODs control CHOP-
10/GADD153 expression, are antiadipogenic signaling molecules, and trigger 
hypoxia-dependent inhibition of adipocyte differentiation. I believe that this 
indicates that EMODs are normally low in adipose tissue, which “allows” for the 
multiplication of adipose cells and development of obesity.  From this data, high 
levels of EMODs would inhibit proliferation and differentiation of adipocytes and 
block development of obesity.  I believe that this may have future therapeutic 
application. I believe that this indicates that with the decreased O2 consumption seen in 
aging, there is less O2 available to form EMODs, which have been shown to be 
antiadipogenic signaling molecules, and trigger hypoxia-dependent inhibition of 
adipocyte differentiation. 

Thus, aging is associated with increasing weight gain and obesity and decreased 
EMODs levels.  The obesity, because of its inflammatory-like nature, increases 
hypoxia and leads to the allowance of cancer, diabetes, cataracts and 
atherosclerosis.  In other words, when viewed through my postulates of UTOPIA, it 
all fits. 

The mammalian heart is an obligate aerobic organ.  At a resting pulse rate, the heart  
consumes approximately 8-15 ml O2/min/100 g tissue.  This is significantly more 
than that consumed by the brain (approximately 3 ml O2/min/100 g tissue) and can 
increase to more than 70 ml O2/min/100 g myocardial tissue during vigorous 
exercise.  
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EMODs can be formed in the heart, and other tissues, by several mechanisms:  
-they can be produced by xanthine oxidase (XO), NAD(P)H oxidases  
-cytochrome P450  
-by autooxidation of catecholamines 

 

-by the action of cytokines and growth factors  
-and by uncoupling of NO synthase (NOS).   

A failing dilated heart requires more oxygen per gram tissue than a non-failing 
smaller heart.  I believe that this also means that it will be more susceptible to the 
decreasing levels of O2, which are available to it, which are seen with aging and 
consequently, decreasing levels of EMODs are going to be produced, which will 
“allow” the progressive development of coronary atherosclerosis.  
Although their role in the pathogenesis of clinical heart failure remains unclear, EMODs 
have been implicated by most authors to have a significant effect on cardiac 
function, including: 
-hypertrophy  
-ion flux and calcium handling  
-EC coupling  
-extracellular matrix configuration  
-vasomotor function  
-metabolism  
-gene expression  
-and downstream signaling of several growth factors and cytokines.   
 
Clinical trials based on antioxidant therapy have been, however, generally 
disappointing (Giordano, F.J.  Oxygen, oxidative stress, hypoxia and heart failure.  J 
Clin Investigation 2005; 115(3): 500-508). 
 
Once again, I believe that the predictions of the Free Radi-Crap theory are wrong.  
If the Free Radi-Crap theory had been correct, we could have controlled the alleged 
harmful effects of EMODs and heart disease, including atherosclerosis, and they 
would be a thing of the past, instead of the current pandemic and the number one 
killer in the United States. The main causes of CHF today are ischemic heart disease 
(IHD) and hypertension.   

Key proteins involved in myocardial excitation-contraction coupling , such as ion 
channels, sarcoplasmic reticulum calcium release channels  and myofilament 
proteins, can undergo redox-sensitive alterations in activity. 

Several patho-physiological stimuli involved in CHF, such as angiotensin II, a-
adrenergic agonists, endothelin-1, tumor necrosis factor-α and cyclic stretch, can 
stimulate EMODs production by NADPH oxidases. 
 
Oxidative stress has had a bad press over the years, being generally considered to be 
uniformly deleterious in the heart. However, recent studies in other organ systems 
and also the heart teach us that tightly regulated EMODs production may in fact 
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exert considerably more subtle modulatory effects, especially through the targeting 
of redox-sensitive proteins and enzymes.   
 
Initially, the oxidation of LDL was seen as the central event. Inflammation is now 
thought to promote atherogenesis. 
 
Contrary to expectation, all major antioxidant enzymes showed a significant 
upregulation before lesion formation, reaching a peak roughly coinciding with the 
onset of intimal thickening, but were markedly down regulated thereafter.  I believe 
that this is a most important observation that was missed by the authors, e.g., the 
increased antioxidant enzymes would have reduced EMODs levels such that 
atherosclerotic lesions would have been “allowed” to develop.  Thus, the cause of the 
lesion formation was due to a EMODs deficiency state in the vascular wall. 
 
Fatty streak formation in human fetuses is greatly accelerated in offspring of 
mothers with chronic or temporary hypercholesterolemia during pregnancy 
(Palinski, W.). Genetically more homogeneous animal models showed that fetal 
exposure to hypercholesterolemia significantly increases their susceptibility to 
atherosclerosis later in life.  Here again, we see elevation of antioxidant enzymes 
(SOD) prior to atherosclerotic lesion formation.  This argues that the antioxidant 
enzymes produce a deficiency state of EMODs and “allows” the formation of the 
lesions. 
 

The oxygen partial pressure (pO2) of the fetal arterial blood, which normally ranges 
from 25 to 30 mmHg, is considerably lower than that of maternal arterial blood. 
Oxygen consumption in normal human fetuses between 28 and 40 weeks of gestation 
varied between 5.4–6.8 ml/kg/min, while adult oxygen consumption is estimated to 
be about 3.0–4.0 ml/kg/min in resting state. Thus, oxygen consumption per kilogram 
in a normal fetus is almost double the consumption of the adult. 

Maternal hyperoxygenation increases fetal oxygen partial pressure. (RMH Note:  
Actually, I believe that lipid oxidation in the necrotic core would be nil, due to the 
fact that this is likely an anoxic area.) 
 
It was hypothesized over 40 years ago that a decrease in the oxygenation of the 
vascular wall might somehow be involved in atherogenesis.  I definitely agree that 
oxygenation of the vascular wall is there to protect the wall, but it is EMODs and 
not ground state oxygen, which are the protective agents. Hyperoxic or hypoxic 
inhalation respectively regresses or aggravates the development of atherosclerotic 
lesions, not by an indirect action on blood lipid concentrations but by a direct action 
on the vascular wall (Okamoto, R). I believe that this indicates that EMODs, derived 
from hyperoxia, are present in the arterial wall and are responsible for the 
maintenance of a plaque-free intima and media. 
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Hypoxia appears to result in prolonged platelet adherence, exaggerated medial 
proliferation and aberrant migration.  Hyperoxia appears to allow a more orderly 
intimalization.   
 
Fatty Streaks 
These lesions consist of intimal accumulations of macrophages filled with numerous 
lipid droplets (foam cells). 
 
Fibrous Plaques 
Lipids are present both in macrophage foam cells and in the extracellular matrix.   
 
Immediately after birth 45% of infants have type I lesions.  They become less 
frequent during the first years of childhood (e.g., a form of spontaneous regression), 
but begin to increase again around the age of 10.  I believe that this indicates that 
atherosclerosis is essentially always present and our body must prevent the 
formation of plaques to a minimum by keeping the oxidized products in a soluble 
form for excretion.  Thus, we all have the beginnings of “micro-aggregates” and our 
system of oxidation, utilizing EMODs, prevents the formation of “macro-
aggregates.”   
 
The type III lesion is the first stage to be recognized by classical pathology as an 
atherosclerotic plaque or atheroma.  Thrombus formation on ruptured type IV 
lesions is the most likely explanation when occlusions or significant stenosis develop 
in a segment of a coronary artery that appeared normal on recent angiograms. 
 
Much of the thrombus that forms on top of a ruptured plaque is likely to be 
removed by the fibrinolytic system. As a result of this healing process the lesion 
returns to type V morphology.  I believe that this indicates that plaques are 
frequently “repaired” by our self-cure system, which is responsible for keeping 
plaque formation under control normally.  I believe that this system directly 
involves constant and adequate levels of EMODs.  The mere fact that lesions can 
spontaneously regress or be healed, is classic evidence that we normally possess the 
ability to keep plaques in abeyance and/or to decrease or heal plaques already 
formed.  I believe that my UTOPIA therapeutic system will prove beneficial in 
restoring an adequate level of EMODs to control plaque formation and/or 
regression.  
 
Type VII and type VIII lesions are advanced plaques that have no or only minor 
amounts of lipids but contain masses of calcium deposits (type VII lesions) or 
predominantly consist of collagen (type VIII lesions).  This illustrates the fact that 
the body can “heal” or generate a self-cure response, even after a large plaque has 
formed.  Our body protects us the only way it has at it avail, which is oxidatively. 
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Activated macrophages T cells and mast cells abound in the vicinity of the rupture.  
Current authors feel that this points to an inflammatory mechanism as the inducer 
of rupture.  However, I believe that inflammatory cells are present in an attempt to 
“heal” the atherosclerotic lesions. 
 

Superoxide dismutase is poorly effective against human cell oxidant damage (Raes 
M.). I believe that a specific antioxidant/prooxidant imbalance, operative in the 
vascular wall may be involved in atherogenic processes in humans and that balance 
is shifted in the antioxidant direction, as evidenced by the presence of a high content 

ascorbate, vitamin E, and urate. 
 

I have covered this paper in detail (D. Lapenna) because of the importance of its 
subject matter.  It shows a “surprising high content of low-molecular weight 
antioxidants” in human atherosclerotic plaques.  This is just as I had predicted.  
These authors proceed to explain away their data, with S.W.A.G.s, but they fall 
short of considering the possibility that the Free Radi-Crap theory is wrong and 
that is the best explanation of their data.  Conclusions—a weak glutathione-related 
enzymatic antioxidant shield is present in human atherosclerotic lesions. The cause of 
this phenomenon remains to be determined. 

It has recently been shown, however, that human atherosclerotic plaques are 
endowed with a surprisingly high content of low-molecular-weight antioxidants, 
such as vitamin E, ascorbate, and urate, despite the occurrence of massive plaque 
lipid oxidation (Suarna C,). It appears to me that the plaques may be considered as 
centers of antioxidant activity. 
 

Catalase activity is lacking in human vascular cells. I believe that a most important 
question is, “If antioxidant protection is so important in preventing atherosclerosis, 
then, why is catalase missing from human vascular cells?”  I believe the answer is 
that the prooxidative protective activity is much more important in preventing 
plaque aggregation and allowance of plaque formation. 

Despite this abundant data however, fundamental problems remain with implicating 
oxidative modification as a (requisite) pathophysiologically important cause for 
atherosclerosis. These include the poor performance of antioxidant strategies in 
limiting either atherosclerosis or cardiovascular events from atherosclerosis, and 
observations in animals that suggest dissociation between atherosclerosis and 
lipoprotein oxidation. It remains to be established that oxidative events are a cause 
rather than an injurious response to atherogenesis. But any way you look at it, 
antioxidants fail to protect, reverse or stop the atherosclerotic plaque development 
in humans. 
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An acute coronary syndrome often occurs when a solid thrombus forms.  However, 
defense mechanisms intrinsic to the blood and vessel wall may counteract 
thrombosis and prevent or eliminate complete obstruction.  (RMH Note:  This is 
exactly what I have been saying and I believe that EMODs constitute a most 
important part of the “intrinsic defense mechanism.”   

If plaque activation is not fatal, a repair process restores the integrity of the vessel 
wall.  (RMH Note:  This is an extremely important observation).  Oxidation is used 
to heal the site of plaque activation. I consider this to be a form of spontaneous 
regression for plaques.  
 
Please re-read this paragraph.  Inhibition of oxidation does NOT reduce activation 
or the risk of plaque rupture and coronary thrombosis.  Hence, I do not believe that 
oxidation is harmful and oxidation is, in fact, present in an attempt by the body to 
heal itself and to keep the atheromatous condition under control, as it has done 
throughout the lifetime of the individual. 

Chlamydia infection is so common that by the time people reach 65 years of age, 
most will have been exposed to it.  More than 75% of heart attack patients were 
infected with Chlamydia pneumonia in the fatty plaques that clog arteries. The 
antibiotic -- even if given over a year -- had no effect on the rate of death, heart 
attack, or other gauges of worsening disease.  

Smaller lesions (i.e., those causing <50% diameter occlusion) were more 
commonly associated with subsequent infarction than lesions that 
caused >50% diameter occlusion (Falk, L). A number of the lesions that 
subsequently caused myocardial infarction were actually invisible on 
angiography. 

Thus, I believe that we need a supplementary oxidative system to keep “micro-
aggregates” from growing.  My UTOPIA approach may be able to do just that by 
increasing the prooxidant status in the body and the vascular system.  As with 
cancer, I believe that we need to generate an “oxidative assault” against both cancer 
and atherosclerosis.  This would constitute effective chemoprevention. 
 
Statins also assist in the clearance of very-low density lipoprotein particles and 
reduce the number of “circulating remnant particles.” I believe that this is 
analogous to a snowball rolling down a hill, in that as it gets bigger, it tends to grow 
even faster and bigger. Also, I believe that oxidation prevents the “circulating 
remnant particles” from aggregating and aid in its excretion, by converting it into a 
more soluble form. Statins did not decrease the size of plaques nor did they change 
the altered hemodynamics caused by the plaques. 
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I repeat, statins do result in complete plaque regression. Also, please remember the 
work at Baylor which showed that intra-arterial H2O2 reduced lipids in the aortic 
wall and restored it elasticity. 
 
 
Recent reviews have clearly shown that available markers of protein and nucleic 
acid oxidation do not accurately mirror the level of in vivo oxidant stress in animals 
or humans (Griffiths HR). 
 
Pancreatic tumors have a very low oxygen content compared to the surrounding 
normal tissue. This condition of low oxygen is called hypoxia. All solid tumors have 
some degree of hypoxia, and numerous clinical studies have shown that hypoxia 
negatively affects the prognosis of cancer patients. Hypoxic cells do not divide, and 
therefore chemotherapeutic agents that target actively dividing cells may not work as well 
against this population of cells. Hypoxic cells are also relatively resistant to radiotherapy 
since oxygen is needed to maximize the killing of cells by radiation. 
 

The oxygen deficiency is manifested in 3--5 minutes. In mitochondria, oxidative 
phosphorylation is very quickly impaired and insufficient production of ATP appears. 
Because of persistent ATP insufficiency, the sodium-potassium pump loses its 
operating capacity. This leads to the intracellular accumulation of sodium and the 
leakage of potassium from cells.  Accumulation of sodium induces the transfer of 
ions and water into cell. It is the reason of endoplasmic reticulum dilatation. The 
dilatation provides complete damage to ribosomes and blocks proteosynthesis.  

Carbon monoxide is bound by hemoglobin with 300 times higher affinity than 
oxygen. Therefore the exposure to CO develops the secondary oxygen deficiency due 
to the termination of oxygen transport to cells. 

My View on “Relative-Hypoxia” 

Considering normal physiology, “relative-hypoxia” is a common occurrence in the 
venous side of circulation, whereas, normally the arterial side has a high oxygen 
content.  Thus, I believe that the arterial side is more sensitive to lowered O2 (hypoxic) 
concentrations, than the venous vasculature and thus, the arterial side is more prone to the 
development of atherosclerosis than the venous side of the circulatory system.  This also 
explains the fact that atherosclerotic lesions are more prone to appear in the upper 
portions of the circulatory system than the lower portions.  The “relative hypoxia” leads 
to a deficiency state of EMODs, which allows the development of cancer, 
atherosclerosis and arteriosclerosis. 

Short - term cigarette smoking resulted in a decrease in the artery wall oxygen 
content only during exposure to cigarette smoke that corresponded to arterial blood 
hypoxia. Long - term cigarette smoke exposure resulted in a sustained decrease in 
artery wall oxygen content noted 24 hours after last exposure to cigarette smoke 
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with normal levels of arterial blood oxygen and an acute decrease during cigarette 
smoke exposure with corresponding arterial blood hypoxia. Long - term cigarette 
smoking results in sustained artery wall hypoxia in the presence of normal arterial 
blood oxygen content. (Ann Vasc Surg 1998; 12:174-181.). The LT preexposure 
group had significantly decreased oxygen tensions throughout the artery wall. This 
fits well with my UTOPIA theory, in that smoking produces EMOD deficiency levels 
in the arterial wall and it then “allows” for the development of atherosclerosis. 
Cigarette smoking has more effect on small arteries and may change the vasa 
vasorum decreasing arterial wall oxygen delivery. Human studies have shown that 
cigarette smoking decreases tissue oxygen supply (Lucas A.). 

Systemic hypoxia causes progression of atherosclerosis while systemic hyperoxia has 
been shown to cause the regression of atherosclerotic lesions. Cigarette smoke 
exposure results in both repetitive acute and persistent chronic levels of relative 
tissue hypoxia.  

The effects of hypoxia are consistent with my UTOPIA theory of disease causation.  
The decreased levels of ground state oxygen lead to deficiency states of EMODs, 
which “allows” the development of neoplasia and atheromatosis.  

The Framingham study established five factors that were predictors for 
atherosclerosis: hypertension, hypercholesterolemia, glucose intolerance, left 
ventricular hypertrophy, and smoking. Artery wall hypoxia has been implicated as a 
possible contributing mechanism for atherosclerosis associated with cigarette smoking. 
Other risk factors for atherosclerosis, which include diabetes, hypertension, aging, 
and an arterial bifurcation, have been associated with the development of artery wall 
hypoxia prior to the formation of atherosclerotic lesions.   

The decreased delivery of oxygen corresponds with a decrease in arterial blood 
oxygen content. They also discovered that long - term cigarette smoke exposure 
results in a chronic decrease in the delivery of oxygen to the artery wall. These 
changes in artery wall oxygen delivery were noted in the groups without differences in 
artery wall thickness and prior to the development of atherosclerotic lesions. These 
findings suggest that cigarette smoke exposure results in an acute decrease in delivery 
of oxygen to the artery wall during cigarette smoke exposure and a chronic, 
persistent decrease in delivery of oxygen to the artery wall with long - term cigarette 
smoke exposure.  I believe that this data definitely shows that hypoxic conditions are 
present in the arterial wall prior to the development of atherosclerosis and that this 
further argues that deficiency levels of O2, would result in deficiency levels of 
EMODs, and this would “allow” for the development of atherosclerosis. 

The intimal growth occurring during aging in rodents and nonhuman primates in the 
absence of experimental injury resembles, in some ways, the late stages of neointimal 
formation observed after vascular injury induced by arterial catheter balloon 
inflation or after aortocoronary saphenous vein graft implantation. Atherosclerotic 
plaques and inflammatory cells, however, are basically absent. Neointimal growth in 
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response to injury is markedly enhanced in older versus younger rats and is due to 
factors intrinsic to the vessel wall, because the excessive intimal hyperplasia is still 
observed when aortae from old animals are transplanted into younger ones. I believe 
that there are two important observations from the above study.  First, the “factors 
intrinsic to the vessel wall” may refer to the redox status of the intima and its ability 
to generate EMODs and second, it seems most important that aortae from old 
animals still act like old vessels when transferred to young ones.  To me, this 
indicates that the deficiency states of EMODs production in the older animals 
persists even after it has been transplanted and that its intrinsic biochemistry has 
not changed. 

“Poor selection of terminology” could be the mantra of redox biochemistry.  I have 
already discussed this aspect many times.  Frequently repeated and false 
impressions and embellished inaccuracies have led to the acceptance of flawed 
theories and disproven hypotheses.  Yet, the inaccuracies and the theories, relative 
to oxygen free radicals, seem to live on and they are now, more than ever, 
erroneously referred to in the scientific literature as proven fact.   

When mitochondrial electron transport is inhibited at a more proximal site by 
inhibitors such as rotenone, DPI, or myxothiazol, the ubiquinone pool becomes fully 
oxidized and EMODs generation at complex III is abrogated (annulled or nullified).  

Gregg Semenza (Johns Hopkins School of Medicine) showed that a recent gene 
expression analysis demonstrated that 200 genes were induced by HIF and another 
250 genes repressed by HIF. 

The seminiferous tubules of the testes are poorly vascularized and are under low-
oxygen tension.   

Hypoxia increases the proliferative response of vascular smooth muscle cells to 
mitogens, and prolongs their lifespan by increasing telomerase activity. 

Mammalian lenses are avascular throughout most of life. 

An aging population has fueled a rise in cancer and contributed to a doubling in breast 
and lung cancer cases in the past 30 years. 

About 12 percent of deaths worldwide are due to cancer. Male cancer rates are the 
highest in the United States and the United States also has the highest rate of female 
cancers. Thus, I have to ask, “Could the high rates of cancer in both men and 
women in the US be due to over-dosage of antioxidants?  Could the over-dosage of 
antioxidants also be associated with the epidemic of fatigue in the US?” 

Drugs are linked to higher cancer incidence — frequent use of antibiotics, several 
anti-depressants and cholesterol lowering "statins" are among the most recent 
suspects.   
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Melanoma prevalence has risen in adults, too — more than doubling in the past 30 
years. 

Two-thirds of children who survive cancer develop other chronic health problems. 

This multimeric enzyme is the source of EMODs essential to the phagocyte bactericidal 
activity. Four oxidase subunits: gp91phox, p22phox, p47phox, and p67phox (phox 
stands for phagocyte oxidase) are required for activity, because mutations in any one 
of them can cause chronic granulomatous disease, an immune deficiency resulting 
from impaired phagocyte function.  Once activated, phagocytes produce large 
quantities of superoxide, on the order of 10 nmol.min-1.106 neuutrophils-1 during the 
oxidative burst. It was also discovered that the catalytic subunit gp91phox is only one 
member of a new family of homologous proteins termed nox (for NADPH oxidase) and 
that most cells express multiple nox proteins.  

The rate of superoxide production in vascular cells is thought to be ~1-10% of that 
in leukocytes.  

Therefore, in physiological conditions, EMODs production is not accompanied by 
oxidative stress, but rather provides a means of finely regulating signaling in 
vascular cells.  This is a very important view. 

In vivo administration of statins also decreased vascular EMODs production and 
Rac1 translocation to the membrane. A diet rich in fiber and vegetables lowered 
cholesterol just as much as taking a statin drug.   

The immune system is made up of lymph tissues of the bone marrow, thymus, 
lymph nodes, spleen, tonsils, adenoids, and appendix.   

People who stay cancer-free may have a system for keeping a tumor under control.  
Tumor cells found in the blood of breast cancer patients up to 20 years after surgery 
suggest that the body may have ways of keeping a dormant cancer in check, 
“Dormancy is a mysterious phenomenon that occurs in certain types of cancer,” said Dr. 
Jonathon Uhr, of the University of Texas Southwestern Dallas.  I believe that levels of 
EMODs is the system which keeps these cancerous cells in abeyance and deficiency 
levels allows the cancer cells to manifest themselves. 

Platelets themselves have the ability to produce EMODs. 

I believe that this demonstrates prooxidant activity for methotrexate and this is the 
factor which makes it effective in treatment of arthritis. 
 

A wide-ranging review paper summarized evidence that supplementation with zinc, 
copper, selenium, vitamin E and injection of the alleged antioxidant enzyme, 
superoxide dismutase into joints can all alleviate the symptoms of rheumatoid 
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arthritis.  I believe that the increase in the prooxidant state of the patient accounts 
for its ability to alleviate symptoms of arthritis. Therapeutic remission of RA has 
been obtained following intraarticular administration of SOD. Please remember that 
SOD generates H2O2 very efficiently. Also, copper is an excellent prooxidant agent. 

Components of intestinal bacteria are normally found within circulating blood cells, 
and they end up in the synovial tissues. The prevalence of rheumatoid arthritis is 
remarkably similar world wide. Monozygotic twins show a concordance rate of only 
15–30%.  
 
Chronic inflammation is linked to cancer, but I believe that it is only because the site 
needs more EMODs to kill cancer cells, which are already present.  This is a natural 
response of the body to protect itself and to affect a self-cure (oxidative-cure).  Thus, 
when the body has detected the presence of neoplasia, it tries to fight it with its usual 
and only method available to it, by sending in PMNs and macrophages to the site to 
kill the cancer. PMNs increase and decrease during different times of day and 
during the digestion of food.   

Different organs and tissues have differing levels of anti-oxidants and differing 
abilities to produce EMODs, and I believe that this is one of the major factors in 
different rates of neoplasia and differing responses to treatment of cancers.   

Infections are linked to between 10-20% of cancers. Cancer is not considered to be a 
contagious disease.  

Human T-cell Leukemia/Lymphoma Virus-1 (HTLV-1)  

HTLV-1 is associated with a type of lymphocytic leukemia and non-Hodgkin’s 
lymphoma called adult T-cell leukemia/lymphoma (ATL). HTLV-1 belongs to a class of 
viruses called retroviruses, which are RNA viruses. They have an enzyme called 
reverse transcriptase, which enables them to change their RNA genes into DNA. 
Retroviruses have long been known as causes of leukemia in various animal species. 
Once infected, a person’s chance of developing disease can be about 3% or 4%, 
usually after a long latent period (20 or more years). 

Human Papillomaviruses (HPVs)  

HPVs are a group of over 100 related viruses that cause warts of the skin, mouth, 
genital organs, and larynx. They are spread by contact, including through sexual 
intercourse. HPV are the principal cause of cervical cancer and have a role in 
causing some cancers of the penis, anus, cervix, vagina, and vulva. While HPVs are 
related to these cancers, most people infected with HPV never develop these cancers. 
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Human Herpes Virus 8 (HHV-8)  

Also known as Kaposi sarcoma-associated herpes virus (KSHV), HHV-8 has been 
found in virtually all tumors in patients with Kaposi sarcoma (KS). HHV-8 is related 
to other herpes viruses, such as the viruses that cause cold sores and genital herpes, 
Epstein-Barr virus (EBV), and cytomegalovirus (CMV). But these other viruses are 
not the same as HHV-8 and do not cause KS. Scientists have found that HHV-8 may 
also be indirectly related to plasma cell tumors such as multiple myeloma. 

Epstein-Barr Virus (EBV)  

EBV is another type of herpes virus. It is probably best known for causing infectious 
mononucleosis, also known as "mono" or the "kissing disease." Most people in the 
US are infected with EBV before the age of 20, although not everyone develops the 
symptoms of mono. EBV infects and resides in white blood cells in the body called B 
lymphocytes (also called B cells). Infection with EBV increases a person's risk of 
developing nasopharyngeal cancer and certain types of non-Hodgkin lymphomas such 
as Burkitt lymphoma and B-cell lymphomas. Very few people who have been infected 
with EBV will ever develop these cancers.  

Human Immunodeficiency Virus (HIV)  

HIV, the virus that causes acquired immune deficiency syndrome (AIDS), is not thought 
to cause cancers directly. HIV infects and destroys white blood cells known as 
helper T cells, thereby weakening the body's immune system. Many scientists believe 
that the immune system is also important in attacking and destroying newly formed 
cancers. Therefore, weakness of the immune system allows new cancers to survive long 
enough to begin forming a potentially lethal tumor. The immune deficiency is what 
causes the EMOD deficiency state and the EMODs are needed to kill cancer. 

HIV has also been linked to the development of Kaposi’s sarcoma, Hodgkin’s 
disease, and certain kinds of non-Hodgkin’s lymphoma, as well as testicular cancer. 
About 8% of HIV-infected individuals will develop non-Hodgkin's lymphoma. 
About 20% to 30% of HIV-infected men who have sex with men will develop 
Kaposi's sarcoma. 

Hepatitis B Virus (HBV) and Hepatitis C Virus (HCV)  

HBV and HCV cause viral hepatitis, a type of liver infection. About 25% to 50% of 
hepatocellular carcinomas are related to HBV or HCV infection. It is believed that 
HCV has learned to utilize the generation of EMODs to its advantage.  

 

Patients with adenocarcinoma of the stomach (the most common type of stomach 
cancer) have a higher rate of infection with this bacterium (H. pylori) than people 
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without this cancer. H. pylori infection is also associated with some types of lymphoma 
of the stomach. But most people who have this bacterium in their stomachs never 
develop cancer. 

Opisthorchis viverrini and Clonorchis sinensis are liver flukes (a type of flatworm) 
that have been associated with increased risk of developing cancer of the bile ducts. 
Schistosomiasis, has been associated with cancer of the urinary bladder.  

Weight of skin (adult human) = 9 lb.(4.1 kg). Surface area of skin (adult human) = 
3,000 in2 (~1.9 m2). Sun light may have beneficial effects. People who got lots of sun 
exposure through sunbathing or vacations in sunny places were less likely to 
develop lymphoma. People with melanoma were less likely to die from the disease if 
they had lots of sun exposure. 

Skin cancer is the most common type of cancer in the United States. Studies have 
been done to compare the extent of lipid peroxidation and the status of antioxidants 
in tumor and venous blood of patients with oral squamous cell carcinoma (OSCC) 
at different intraoral sites. Diminished lipid peroxidation in tumor tissue was 
accompanied by decreased activities of SOD and CAT with increase in GSH and 
GSH-dependent enzymes. I interpret this to mean that there were deficiency levels of 
EMODs present in the tumors. 

 CGD patients can not generate an oxidative burst and thus, they produce less 
EMODs and according to the Free Radi-Crap theory of aging, they should live 
longer….but, they do not.  Actually, they die at younger ages from infections. 

NIH tested 26 CGD patients cognitive function and found 6 (23%) patients to have 
an IQ of 70 or below, indicative of cognitive deficits. I believe that this data reflects the 
importance of EMODs for a normally functioning brain.   
 
Also, if the Free Radi-Crap theory is correct, CGD patients should have less cancer 
formation, due to lower levels of EMODS.  However, if my Unified Theory is correct, 
then CGD patients should have more cancer than predicted because they have 
EMOD deficiency levels, which I believe serve to “allow” for the manifestation of 
cancer and this has proven to be the case, e.g., Weel EA, Redekop WK, Weening RS. 
Increased risk of malignancy for patients with chronic granulomatous disease and its 
possible link to the pathogenesis of cancer. Eur J Cancer. 1996 Apr;32A(4):734-5. 
 
On the other hand, it has been shown that phagocytic cells can kill cancer cells with 
the respiratory burst when there is a sufficiency of EMODs (Lichtenstein A, Seelig 
M, Berek J, Zighelboim J. Human neutrophil-mediated lysis of ovarian cancer cells. 
Blood. 1989 Aug 1;74(2):805-9). 
 
PDT, via singlet oxygen causes:  

• A reduction in the mitochondrial potential 
• A drop in ATP levels 
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• A decrease in cell respiration 
• DNA fragmentation 
• Appearance of apoptotic bodies 
• Eventual loss of plasma membrane integrity 
• Cell death 

 
The activity of EMODs has frequently been discounted because of their short half lives.  
However, they likely trigger events far beyond their microsecond lifetimes.  Trolox or 
alpha-tocopherol succinate can prevent apoptosis produced by irradiation but their 
addition 60 minutes later only partially prevented apoptosis and phototoxicity.  If their 
addition was delayed for 100 minutes, their radical scavenger effects were abolished and 
indicate that long-persisting photoproducts continue the initiation of apoptosis for 
about 100 minutes following irradiation. This same “prolonged effects” scenario may 
be present in all oxygen free radical and excited state reactions.  Remember that singlet 
oxygen, in a reducing environment, may take on an electron to form the superoxide 
anion.  
 
Photosensitizers may cause photobleaching and occurs when regular light stimulates the 
photosensitizer and expends it oxygen activating capabilities.  The resulting singlet 
oxygen causes little damage to a mammalian cell, because it is well prepared for 
oxidizing reactions. 
 
NO has a good side in that it can ameliorate tissue injury by: 

Activating cGMP-dependent effects such as reducing platelet and neutrophil 
adhesion to endothelium 

• 

• 

 

Decreasing O2
.- steady-state levels, esp. under conditions favoring O2

.- dependent 
.OH formation 

• Binding to the free coordination sites of heme-bound iron, acting as an iron 
chelator 

• Inducing glutathione 
• Reacting with tyrosyl radicals , thus limiting the extent of nitrotyrosine formation 
• Inhibiting oxidant-induced membrane and lipoprotein oxidation by annihilation of 

lipid radical species, thus terminating radical chain propagation reactions. 
The kidney is a uniquely well perfused organ, receiving approximately 25% of the 
blood pumped by the heart directly.  

Angiotensin II is likely the most powerful constrictor of blood vessels known. This 
helps re-route circulation so as to preserve blood flow to the most important organs: 
the brain, heart and kidney. 

Superoxide anion reacts instantaneously with nitric oxide to form the oxidant 
peroxynitrite.  Peroxynitrite reacts rapidly with carbon dioxide (CO2) to form 
nitrogen dioxide and their adduct fragments into harmful carbonate free radicals.   

Epidemiological studies have shown that MS and gout are almost mutually exclusive 
diseases. 
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This shows that at least one natural biochemical agent, uric acid, (and possibly 
reduced thiols) is a peroxynitrite scavenger.  Uric acid is produced when xanthine 
oxidase converts xanthine to hypoxanthine. Additionally, uric acid is a potent 
antioxidant, which will also scavenge HOCl, is packed in gouty joints.  Thus, uric 
acid crystals, which are known to induce inflammation in joint spaces, are an 
antioxidant responsible for a multitude of diseases. Ironically, joints have all of the 
signs of “inflammation” (pain, swelling, redness, and hyperthermia), all of which 
are caused by the super antioxidant, uric acid. Before menopause, few women come 
down with gout reportedly because estrogen promotes uric acid excretion. I believe 
that this is a very important observation.   
 
Logically, EMODs are made from O2 and the following are some of the factors 
decreasing O2 availability to the cell seen with aging. Thus, I do not believe that the body 
can make vastly increased quantities of EMODs, if and when O2 is lacking or only 
marginally present.  
 
It appears to me that aging is a disease of attrition and deficiencies, with deficits of 
the following: 
Oxygen (superoxide anion, hydrogen peroxide and singlet oxygen) 
Hormones (DHEA, testosterone, estrogen, etc.) (the equivalent of castration) 
Muscle mass 
Thymus activity 
Immunologic responsiveness 
Oxygen consumption 
Cellular oxygen utilization 
Compliance of the chest wall 
Decreased heart function 
Decreased cardiac output 
Decreased coronary artery blood flow 
Decreased brain blood flow 
Decreases number of neurons 
Decreased oxygen in the skin 
Decreased collagen cross linking 
Decreased red blood cells (anemia) 
 
 
Although I find the figures hard to believe, Mary S. Kaufmann, M.A. states that the 
amount of oxygen moving in and out of the lungs and to the muscles may decrease 
40% between 30 and 65 years of age.  The cardiac muscle progressively decreases in 
size and strength and as it pumps less, and the amount of blood flow throughout the 
body is slowed to about 70% that of a 30 year-old.  The whole alveolar tree becomes 
less elastic as we age and there is a decrease in the alveoli surfaces after age 20 of 3 
square feet/year.  There is less lung blood flow, less elasticity and 40% less air 
moving in and out of the lungs. 
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Benefits of aerobic conditioning with exercise. 
Cardiovascular benefits 
 Increase in the diameter of blood vessels 
 Allows blood to move through the blood vessels more easily 
 Increase in cardiac output 
  Gets more oxygen and nutrients into the cells throughout the body 
 Increase in the number of red blood cells 
  This provides more oxygen carrying capacity to cells 

Increase in capillarization characterized by a decrease in surface area within 
capillaries 
Increases the blood hemoglobin levels for oxygen transport 
Increases total blood volume (up to 25%) 
Decreases existing plaque buildup along the wall of arteries 
Increases the amount of blood that goes to the brain  
Increases mitochondrial “reticulum” 
Increases in size and number of the mitochondria 
Allows more oxygen to be absorbed into muscle cells 
Helps reduce the amount of insulin required to control blood sugar levels 
Decreases risk of type II diabetes 
Increases tissue responsiveness to the actions of insulin 
Increases the number of enzymes involved in aerobic activity 
Increases activity of Kreb’s cycle 
Increases the diffusion of oxygen capacity of the lungs 
Enhances the exchange of oxygen from the lungs to the blood 
Increase in surface area of alveoli 
Increases oxygen getting to the cells where they can generate more RONS 
Increase amount of oxygen circulating through the blood stream 
Increases air intake 
Increases A-V O2 difference (means more O2 being taken from the blood) 
Decreases risk of the following cancers (cancer development – normal ratio 
1:3, athletes 1:7).  Due to increased levels of interleukin-1 and interferon and 
increased numbers of natural killer cells, circulating lymphocytes, 
granulocytes and other protective bodies 
 Colon, Breast, (shown to decrease breast cancer in women by 60%), 
Prostate, Uterus, Ovaries, Cervix, Vagina 
Helps body resist upper respiratory tract infections 
Reduces risk of endometriosis 
Slows some of the physical impairment of Alzheimer’s disease (JAMA Oct. 15, 
2003) 
Increases longevity (2-4 years) 
Increases function of the immune system 
 

With the decreasing pulmonary and cardiovascular function associated with aging and 
with the increasing accumulation of fats (lipids) seen in obesity, it appears to me that the 
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development of disease is a direct consequence of progressively decreasing O2 levels, O2 
consumption and O2 delivery to the tissue and cells.  The accumulating fats are 
responsible for trapping more and more of the EMODs and 1O2 generated.  To me, this is 
the reason for the changes seen with aging and with the appearance of diseases, such 
as cancer, arteriosclerosis, diabetes, arthritis and cataracts. 
 
Sixty five year old American men have an additional 15 years: 12 independent and 3 
dependent.  Monozygotic twins die within 3 years of each other and dizygotic twins 
die within 6 years of each other. 

I believe that aging is a disease of EMOD deficiencies.  

Energy metabolism undergoes modifications during the life cycle at the level of energy 
production, storage, transformation and liberation. The cell oxygen consumption 
decreases progressively with age: At the age of 20: a man's basal metabolism is of 42.5 
1.6 cal/sq.m./h; A female's metabolism is of 36.7 2.7 cal./sq. m./h. At the age of 40: a 
man's metabolism is of 38 2.9 cal./sq.m./h and 35.9 2 cal./sq.m./h. in females. 

Diminution of the cellular oxygen consumption is neither regular nor uniform; as 
compensation, while tissular activity of oxidative phosphorylation decreases.  

The reduction of the energetic potential is brought about by the diminution in the 
number and volume of the mitochondria, of the oxidation substrate and of 
respiratory enzymes. Unlike other structures, the heart tissue shows an accentuation 
of oxidative and phosphorylating couplings. The low capacity of an aging organism in 
pathological conditions reflects the low energetic potential of the cells. 

With the advance in age, in parallel to the decrease of oxygen consumption, we also 
may see modifications of the thermoregulation. As the years pass by, as a 
consequence of a poorer blood flow in the skin, temperature records has a tendency to 
decrease, so that the response to the low environmental temperatures will be slower. On 
the other hand, by the integument aging through atrophy, dryness, reduced elasticity 
and modifications of the capillaries structure, this diminishes the capacity of water 
elimination through the skin, explaining the elderly's difficulty of adaptation to caloric 
stress. 

The work load of the heart increases due to arteriosclerosis and the effectiveness of 
the heart as a pump is reduced.  Resting cardiac output falls and blood flow through the 
coronary arteries is reduced.  Thus, the workload of the heart increases and its nutrient 
supply (oxygen) decreases 
 
It is well known that cognitive decline goes hand in hand with advancing age.  Scientists 
have reported that human aging is also associated with decreased glucose metabolism, 
and it is possible that the two are inextricably linked.  As has been stated above, glucose 
metabolism is reliant on a sufficient and continuous supply of oxygen, and any 
compromise in this delivery system may be responsible, at least in part, for any resultant 
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cognitive decline. 
 
A decline in our physical abilities starts around age 30, continues throughout our life, and 
reaches a plateau between ages 60 and 70.  After the plateau, a slower decline follows.  
Maximum breathing capacity decreases approximately 40% during this period and 
individuals with chronic lung diseases, such as emphysema, suffer a more significant 
decline.  Cardiovascular function declines approximately one half of one percent 
each year starting around age 30.  
 
-Lung capacity decreases 5% with every decade of life. 
 

 

Alveolar macrophages freshly harvested from non-sensitized aged rats produced less O2
.- 

than those from young animals.  A similar result was obtained in BCG-sensitized rats.  
This is in direct conflict with the Free Radi-Crap theory. 
 
There is a 40-50% decline in muscle mass and a similar decline in bone mass, along with 
a simultaneous increase in body fat in both men and women.  The metabolic rate also 
declines with age and is primarily affected by muscle mass.  After 25 years of age, 
we tend to gain one pound per year as we age.   
 
After young adulthood, there is a slow, steady decrease in immunity and this is the 
same pattern which I see in the decrease in oxygen consumption.   
 
The thymus begins to shrink (atrophy) after adolescence.  By middle age it is only 
about 15% of it maximum size.  Involution of the thymus with age begins early in 
life and by mid-life the cellular mass, predominantly of the thymic cortex has fallen 
by 75 to 80 percent.   

As the body ages and the immune system decreases, I believe that the body has to 
respond with or by attempting to increase EMOD levels, including 1O2, H2O2 and 
O2

.-. 
 
Hormone production declines with age. If sex hormones are low, the sex organs shrivel 
up, they atrophy; they have fewer cells and those cells are starved for the hormones 
needed for cell replacement, repair, healing, function, and vigor. That condition is a 
deficiency disease, an age-related decline in function. 
 
The prevalence of both cancer and anemia increases with age.   
 
That the biosynthesis of CoQ1O in aging tissues is inadequate is obvious from the fact 
that the CoQ10 content in hearts from humans 77 - 81 years old is only 43% of that 
present in 19 - 21 year old hearts. 
 
 
Peroxiredoxin-3 is a mitochondrial member of the antioxidant family of thioredoxin 
peroxidases that uses mitochondrial thioredoxin-2 (Trx2) as a source of reducing 
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equivalents to scavenge hydrogen peroxide.   
Prdx3 is over expressed in some human cancers where it may protect the growing tumor 
against hypoxia-induced apoptosis due to increased H2O2 production.  Again, this is 
strong support for my theories expressed in UTOPIA that peroxide has a 
tumoricidal effect and that antioxidants protect tumors.  This increase in the 
antioxidant, Prdx or overexpression of Prdx in cancers, would effectuate deficiency 
levels of RONS/excytomers or EMODs and result in the manifestation of overt 
cancer….and it does. Over expression of a peroxiredoxin in HeLa cells inhibited both 
the NF-kB activation and apoptosis elicited by H2O2 or TNF-α (Kang S.W). This 
means that the H2O2 was necessary for the cancer cells to die and is direct support for 
UTOPIA theories. 
 
The activity of Cu, Zn-superoxide dismutase (SOD) was found decreased in the 
brain of aged rats (30 months old) by 46.8% as compared to young animals. General 
antioxidation activity (AOA) in the brain also remained stable with age. The liver of 
aged rats showed significant increase of Schiff’s bases (by 27.1%) and PPO products 
(by 109.2%) and considerable decrease of SOD activity. 
 
Available data about age-associated changes in free-radical processes are rather 
discrepant (Koltover, V.K.). Data on age-associated changes in the activities of 
CuZn-superoxide dismutase (SOD) and peroxidation of lipids (LPO) and proteins in 
different tissues are contradictory, which may be caused by differences in study 
objects (species-, strain-, and organ-dependent differences), diets used in different 
laboratories to feed animals (dietary contents of pro- and antioxidants), and age periods 
compared.   
 
They studied some indicator parameters of free-radical processes and antioxidant 
defenses in the brain, liver and blood serum of young (3 months) and aged (30 
months) rats (Anisimov, V.N., Arutjunyan, A.V., Oparina, T.I., Burmistrov, S.O., 
Prokopenko, V.M. and Khavinson, V.Kh.  Age-related changes of an activity of free 
radical processes in tissues and serum of rats.  Russ Physiol J 1999; 85: 502-507). 
 

Linnane and associates found that in a 90 year old man, only 5% of the total mtDNA 

SOD activity was significantly lower (by 46.8%, p<0.001) in the brain of aged rats 
compared with young rats. This follows my belief that SOD is a primary generator 
of EMODs, e.g., H2O2, and I would expect aging to result in a deficiency state of 
EMODs, which is reflected by decreased SOD in the brain. The total antioxidant 
activity of brain did not decrease with increased age. In the liver of aged rats, SOD 
activity decreased by 58.4%, p<0.001). A different pattern of age-dependent changes 
was observed in blood serum. Products of lipid and protein peroxidation were 
significantly increased in aged rat serum, whereas the total antioxidant and SOD 
activities were decreased.  
 
It is also noteworthy that in either, the liver and blood serum, generation of EMODs 
significantly decreases with increasing age in humans.  
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from muscle tissue was still in the form of full-length, normal mtDNA. Along with 
this cumulative mtDNA damage, there were a large percentage of cells lacking 
cytochrome oxidase (COX), complex IV of the ETC. 

 

 
As noted above, the apparent increase of EMODs generation, which occurs in aging, 
has been shown by a number of authors to be associated with a significant decrease in the 
activity of antioxidant defenses. This is saying that the previously reported increases 
in EMODs with aging, is an artifact produced by a large decrease in antioxidant 
defenses, which overall makes it appear that there is an increase in EMODs with 
aging.  

This is clearly seen in their experiments: the decrease of EMODs production in blood 
serum and liver is associated with a sharp drop of the activity of SOD.  Authors 
consider SOD to be an important component of the enzymic branch of the antioxidant 
defenses, which inhibits the early steps of generation of EMODs and other reactive free 
radicals. I believe that the production of H2O2 by SOD can only be expected to 
increase the prooxidant state, since that is what it does by the conversion of 
superoxide to H2O2.   
 
The most vulnerable target of free radicals seems to be proteins, as reflected by their 
increased peroxidation, which was observed in the liver and blood serum. Other authors 
have also noticed that, in aging, peroxidation primarily affects proteins, even more so 
than lipids. However, the oxidation of protein was not evident in the aging brain, which 
might be associated with the high activity of low molecular antioxidants in the brain, 
since the total antioxidant activity in the brain did not change, while SOD activity 
was suppressed.  
 
The activity of brain cytochrome oxidase decreases with aging. SOD activity 
decreased in all organs of aged rats.  
 
One common feature of animals, such as mice, rats, and monkeys, under CR is a 
lower body temperature.   
 
The energy consumption theory is contradicted by studies which showed that mice 
kept at lower temperatures eat 44% more than control mice and yet do not age 
faster.  Marsupials have lower body temperatures than eutherians but generally age faster 
and birds have higher body temperatures and metabolic rates than mammals and 
yet basically, age slower. Also, it was shown that mice with higher metabolism, live 
longer, and it becomes even more confusing.  Some of the confusion is removed by 
subscribing to my UTOPIA theory, in that high metabolic rates in mice would 
generate high levels of EMODs, which would consequently help the mouse fight off 
pathogens and keep neoplastic cells under control. Thus, longevity is increased. 
Transgenic fruit flies, Drosophila melanogaster, overexpressing the cytoplasmic 
form of SOD, called Cu/ZnSOD or SOD1, and catalase have a 34% increase in 
average longevity and a delayed aging process and in Drosophila, expression of SOD1 
in motor neurons increases longevity by 40%. 
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Inactivation of peroxiredoxin 1, an antioxidant enzyme, shortens longevity in mice but 
these do not appear to age faster but rather develop more tumors and a severe 
hemolytic anemia.  

One recent study, in Drosophila, found that lowering EMODs leakage from the 
mitochondria through over-expression of the mitochondrial adenine nucleotide 
translocase did not result in extended longevity. The same study failed to find 
differences in EMODs production in CR flies despite these living longer. 

Several pathologies exist in mice and humans derived from mutations affecting the 
mitochondrion, which often involve an increase in EMODs leakage from the 
mitochondrion. Nonetheless, these pathologies do not result in an accelerated aging 
phenotype, but frequently result in diseases of the central nervous system. 
 

Both Drosophila and C. elegans are mostly composed of post-mitotic cells, which 
may explain why results from these invertebrates are much more supportive of the 
free radical theory of aging than results from mice. 

A recent experiment raised doubts regarding the free radical theory of aging: knockout 
mice heterozygous for SOD2 showed increased oxidative damage at a cellular and 
molecular level but did not show significant changes in longevity or rate of aging as 
was shown by Van Remmen et al. in 2003. 

Damage from free radicals to nuclear DNA remains an unproven cause of aging. 
With the exception of peripheral red blood cells, mitochondria are present in all 
eukaryotic cells in varying numbers, from hundreds to thousands. According to K. 
K. Singh of Roswell Park Cancer Institute, it is estimated that human cells produce up 
to 10 million EMODs /mitochondrion/day.   

It now appears that mitochondrial oxidants (EMODs), especially H2O2, serve as 
messengers to the cytosol, the nucleus and likely most, if not all, areas within the cell 
and in its immediate environs. 

Lipofuscin (LF) is a conglomerate of lipids, metals, organic molecules, and 
biomolecules that commonly fluoresce at 360 to 470 nm. LF granules have been found 
in every eukaryote ever examined, and always accumulate within cells as the organism 
ages, and usually as cellular integrity is challenged. Hence, it is recognized as "the aging 
pigment" or the “ashes of metabolism.”  LF was found in the neurons of infants who 
died without neural pathology and was already apparent at the light microscope level in 
autopsied neurons of teens. LF-ogenesis was a constant lifespan process. LF 
generation of singlet oxygen leading to reactive oxygen species contributes to decline 
of retinal pigment epithelium (RPE) function. there is still considerable debate as to 
the significance of the presence of LF.  In other words, we still do not know what it 
is or what it does or what its presence means. 
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Telomeres are the physical ends of the chromosomes. They maintain chromosome 
stability, genetic integrity, and cell viability in a variety of different species. 
Telomeres can also function as a mitotic clock, since telomeres are progressively 

shortened during each cell division. Telomere shortening forces human primary cells 
to stop dividing when a critical minimum telomere length is reached. The enzyme 
telomerase, a ribonucleoprotein, counteracts the shortening of telomeres. Telomerase 
contains a catalytical subunit, the telomerase reverse transcriptase (TERT). TERT, 
into human cells extended both their life span and their telomeres to lengths typical 
of young cells. Oxidative stress induces the depletion of hTERT from the nucleus via 
export through the nuclear pores. 

Peroxisomes are subcellular organelles with an essentially oxidative type of metabolism.  
Like chloroplasts and mitochondria, plant peroxisomes also produce superoxide radicals 
(O2

.-) and there are, at least, two sites of superoxide generation:  one in the organelle 
matrix, the generating system being xanthine oxidase, and another site in the peroxisomal 
membranes depended on NAD(P)H. These organelles were found to be present in 
almost all eukaryotic cells.  Peroxisomes can be broadly defined as ubiquitous 
subcellular organelles containing as basic enzymatic constituents catalase and H2O2-
producing flavin oxidases. 
 

 

 

 

 

The main metabolic processes responsible for the generation of H2O2 in different 
types of peroxisomes are:  
-the photorespiratory glycolate oxidase reaction  
-the β-oxidation of fatty acids  
-the enzymatic reaction of flavin oxidases  
-and the disproportionation of superoxide radicals  

The signal molecule H2O2 is responsible for the proliferation of peroxisomes.    

It should be taken into account that although catalase in the peroxisomal matrix 
decomposes most of the H2O2 produced in these organelles, the catalase affinity for 
H2O2 is relatively low.  

I disagree with the authors’ interpretation of their results of SOD in patients with 
gastric cancer.  I believe that the high SOD resulted in increased production of H2O2 
(a more potent oxidizer than superoxide) and this resulted in increased cancer kill 
or control (decreased cancer growth) and consequently, increased survival rates. I 
believe that this study shows that the decreased levels of SOD, which generates H2O2 
from O2

.-, thus, decreasing the prooxidative state.  This decrease in the EMODs and 
prooxidative state “allows” for cancer formation. 

The human brain is about 3 pounds and there are 1012 neurons in the brain. During 
human development, connections are being built at the speed of about 3 billion a 
second, reaching 1,000 trillion connections in the whole brain.  Humans lose 
approximately 100,000 neurons each day after age 30 and the cortex loses about 
30% of its neurons between adulthood and age 90. "The average power 
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consumption of a typical adult is about 100 W."  The power of the brain is 20 W. 
The human brain is one of the most energy and oxygen hungry organs in the body. 

Albert Einstein's brain differed to normal men's brain in that his brain had more glial cells 
per neuron that might indicate that neurons in Einstein's brain had an increased 
"metabolic need"-- they needed and used more energy. As I have pointed out 
previously, glial cells produce EMODs.  Einstein's brain weighed only 1,230 grams, 
which is less than the average adult male brain (about 1,400 grams). The thickness of 
Einstein's cerebral cortex was thinner. However, the density of neurons in Einstein's brain 
was greater. In other words, Einstein was able to pack more neurons in a given area of 
cortex. 

Membrane surface area of 100 billion neurons = 25,000 m2, the size of four soccer 
fields.  Average number of glial cells in brain is 10-50 times the number of neurons. 

Average loss of neocortical neurons = 85,000 per day (~31 million per year). 
Humans enjoy the largest ratio of brain weight to body weight of any of earth's 
creatures. Once a nerve cell has become differentiated it does not divide anymore. A 
single nucleus, with the same DNA, must serve an entire lifetime for the formation 
and maintenance of tens of thousands of synapses.   
I believe that this is remarkable for brain cells which use very high amounts of O2, 
have high levels of lipids (over 50% by dry weight), have high levels of nonheme 
iron, produce high amounts of EMODs and have low levels of antioxidant enzymes.   
To me, it does not make sense that such a vulnerable, post-mitotic cellular system 
could survive for a life time, if it was under the constant attack of harmful and 
damaging EMODs.  Ergo, I ask, “How toxic are EMODs?”  Thus, I conclude that 
EMODs are not very harmful to brain cells and in fact, I submit that they are 
needed by neurons for normal physiological and biochemical functioning. 
 
Additionally, I ask, “Isn’t it curious that three crucial organs of the body (heart, 
brain and lungs), which use extremely high levels of oxygen, have evolved such that 
they have innately low levels of antioxidant enzymes?”  If there is any credence to 
the Free Radi-Crap theory of oxidative stress and aging, a further complication, in 
our evolutionary ascent to the top of the phylogenetic tree, is the fact that we do not 
synthesize many of the low molecular weight antioxidants and they must be ingested 
in the diet.  I ask, “How could natural selection have been so faulted during its last 
2.3-2.5 million years of evolution?”  Many bugs, birds and other mammals can do 
this. Thus, I ask, “How could man’s evolutionary process be so lacking and 
incomplete?” 
 
Please keep asking yourself, “Just how toxic are EMODs?”  Many individuals 
produce exponential numbers of EMODs, from exponential numbers of cells, and 
appear to do so for a life time without untoward effects. 
In fact, I believe that the quest for homeostasis should be considered a major 
physiological and biochemical “drive.”  In my opinion, it ranks right up there with 
the “drive to ingest oxygen. “ 
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In Alzheimer's disease, the earliest changes occur in the hippocampus. It is more 
vulnerable to the effects of reduced oxygen and glucose supply than any other part.  
 
Nearly half of all the blood pumped from the heart goes directly to the brain. A 
constant supply of sugar (glucose) is produced by the body at all times to keep the 
brain nourished.  The billions of nerve cells are in constant activity, whether you are 
awake or asleep, constantly producing electrical signals. 

The higher the metabolism, the greater the production of EMODs by the 
mitochondrial electron transport chain. The process of programmed cell death is 
another function of mitochondria. 

Mitochondria are also involved in making parts of blood and hormones such as 
estrogen and testosterone. They are required for cholesterol metabolism, 
neurotransmitter metabolism, and detoxification of ammonia in the urea cycle. 

The brain is disproportionately metabolically active for its size, accounting for up to 
30% of an organism’s total basal energy expenditure, whilst comprising only 
around 2–3% of total body mass (Siebert et al. 1986; Krassner 1986). The brain is 
remarkable in its dependence on the blood for its immediate and constant supply of 
oxygen and other essential energy substrates (e.g. glucose). There is no storage capacity 
for oxygen with a disruption of supply having an almost instantaneous effect (Yamatoto 
et al. 1993). This means that oxygen delivery must be adjusted within seconds in 
response to changes in metabolic rate. Under normal conditions metabolic activity is 
limited by the rate of oxygen delivery.  
 
The normal arterial concentration of glucose is 5.5mM/L, and the normal level of 
oxygen is equivalent to 0.12mM/L. As 6 molecules of oxygen are required to oxidize 
1 molecule of glucose, then from the standpoint of supplying these metabolic needs, the 
concentration of glucose is 275 times greater than that of oxygen in the extracellular 
fluid at the surface of the cell. Thus oxygen turnover is the highest amongst the 
essential nutrients. Oxygen diffuses readily across the mitochondrial membrane.  
 
It is generally accepted that altitudes above 10,000 ft., lead to profound effects on 
human cognitive performance, and that these effects result from hypoxia induced by the 
low levels of available oxygen. Limited evidence also suggests that such decrements in 
performance may be reversed through oxygen administration. It is well known that 
cognitive decline goes hand in hand with advancing age. Human aging is also 
associated with decreased glucose metabolism.  
 
Glucose metabolism is reliant on a sufficient and continuous supply of oxygen, and 
any compromise in this delivery system may be responsible, at least in part, for any 
resultant cognitive decline.  
 

Page 825 of 931 



EMODs are continuously being generated in neurons during normal metabolism 
and neuronal activity.   
 
Antioxidant defense enzymes in the brain have been shown to vary during the 
estrous cycle, to be altered following gonadectomy and to differ between the sexes, 
suggesting involvement of gonadal hormones in the control of processes which 
protect cells and tissues against oxidative damage.  
 
Oxidative damage of DNA usually involves damage to single bases.  It is estimated 
that at least 35 different base modifications are formed in reactions with reactive 
oxygen species.  
 
The movement of the electrons through electron transport, the proton gradient and 
ATP synthesis are all coupled processes that require each other to occur. The cell 
does not store energy as ATP. If oxygen is absent, electron transport and the Kreb's 
cycle rapidly halt.  
 
Uncoupling agents allow protons to flow across the mitochondrial membrane 
without producing ATP. Dinitrophenol, which is an uncoupling agent, was once 
used as diet remedy to lose weight without exercise or diet, but this compound is a 
metabolic poison and resulted in deaths when purposefully given to humans. A 
mitochondrial uncoupling protein is found in brown adipose tissue. Long-term oral 
exposure to 2,4-dinitrophenol in humans has resulted in the formation of cataracts. 
 

There may be from 20 to 2500 mitochondria per cell. Without ATP, there is no life, 
and without well-functioning mitochondria, there is (almost) no ATP.  Each 
mitochondrion contains 5 to 10 mtDNA molecules. mtDNA has no histone protection 
or significant enzymes repair systems to offer free radical protection.  Thus, how 
toxic are EMODs?  Also, please remember that the mitochondrion does not contain 
catalase. 

mtDNA is far more subjected to free radical damage than nDNA. Even in young (3 
month old) rats, the level of 8-0HdG is already 16 times higher in mtDNA than 
nDNA.  I believe that these are very confusing facts.  The older humans should 
logically have a greater number of mutations than young rats, if the MTA theory is 
correct, but the young rats had 16 times the 8-OHdG in mtDNA than in nDNA. 

Linnane and associates found that in a 90 year old man, only 5% of the total mtDNA 
from muscle tissue was still in the form of full-length, normal mtDNA. They 
conclude that “mutation and COX activity provides compelling support for the 
hypothesis of mtDNA mutation-driven bioenergy degradation as a key feature of the 
aging process....” This result establishes the relationship between age-associated 
accumulation of mtDNA. 
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I do not believe that these high rates of mtDNA mutations are occurring in the 
living/breathing cell and I believe that the most significant event occurring is the 
actual decrease in generation of EMODs, which makes the cell vulnerable to 
pathogens and neoplasia.   

Also, since the ability of the mitochondrion to produce energy is decreased with 
aging, I feel that it is of dubious benefit to give antioxidants to these already 
compromised individuals.  In fact, I believe that the non-discriminant use of 
antioxidant supplements and the encouragement to use mega-doses of antioxidants 
is responsible for the epidemic of fatigue that we currently see in the USA. 

The “Crap” in the Free Radi-Crap theory 

This may be analogous to the accumulation of food residue (crap), which 
accumulates with aging but is eliminated from the body regularly.  The production 
and accumulation of crap does not cause aging, but is instead, a byproduct of aging, 
just as EMODs are a byproduct of aging.  EMODs and crap are the products 
produced as a consequence of providing energy for life.  Since energy is continually 
needed for existence, of course, its production is going to continually accumulate 
byproducts, on a cellular basis in the form of EMODs and on an organismal basis in 
the form of crap.  The accumulation of neither of these byproducts is causative of 
aging but is, in a sense, a consequence of aging. Thus, the use of the “Free Radi-
Crap” term is more than just a pejorative.        

The steady state concentrations of O2
.- and H2O2 have been estimated to be around 

10-10M and 5 X 10-9M, respectively (Cadenas, E). Superoxide formation occurs on the 
outer mitochondrial membrane, in the matrix and on both sides of the inner 
mitochondrial membrane (Turrens, J.F). 
 

 

Complex III appears to be responsible for most of the O2
.- produced in the heart and 

lung mitochondria, O2
.- formation in the brain appears to be made primarily at 

Complex I.   

Stief has pointed out that singlet oxygen can be formed by the interactions of 
superoxide with H2O2 or H2O2 can react with HOCl or chloramines to produce 1O2.  
It is believed that H2O2 can degrade certain heme proteins, such as hemoglobin, to release 
iron ions. 

Compared with other EMODs, 1O2 is rather mild and nontoxic for mammalian tissues, 
according to Stief’s 2003 paper.  1O2, in humans, is both a signal and a weapon, with 
therapeutic potency against various pathogens such as microbes, viruses, and cancer cells 
(Steif, 2003). 
 
Bruce Ames and colleagues state in 2002: “It is generally accepted that oxidative 
mitochondrial decay is a major contributor to aging.”  I agree with the statement 
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but only in the context that the increasing mitochondrial decay results in decreased 
production of EMODs. 
 
In young organisms, there are a large number of small mitochondria that provide 
needed ATP. In aged rats and humans, however, there are a smaller number of large 
mitochondria. The total volume of the cell that consists of mitochondria, (up to 20% 
of cell volume), remains roughly the same in young and old rats/humans. These 
larger mitochondria are not as bio-energetically efficient as the youthful, normal, 
small mitochondria. Mitochondrial size increases and mitochondrial membrane 
potential decreases with age in brain and liver. This may reduce the energy supply in 
old cells since the mitochondrial membrane potential is the driving force for ATP 
synthesis. 
 

I believe that this indicates that aging is a disease of deficiency states, especially as it 
relates to levels of EMODs and I believe that it makes my point of not giving 
antioxidants to an aged population, because of fear of the production of fatigue.  
The above data shows that the number of mitochondria decreases with increasing 
age and that the production of EMODs actually decreases because it is reflected by 
the decreased proton motive membrane potential.  I believe that the body tries to 
compensate for this decreasing ability of the cell to produce EMODs. 

Glutathione plays a key role in protecting mitochondria and mtDNA from oxidative 
damage. Mitochondria are at special risk with regard to glutathione, because they 
lack the ability to synthesize glutathione or to rid themselves of oxidized glutathione 
(GSS).  Brain and liver mitochondria from male rats have higher hydrogen peroxide 
production than females, yet Glutathione levels in mitochondria of male rats were lower 
than females. 
 

Fixed post mitotic cells are those that no longer divide after early childhood, and 
thus are irreplaceable. They are primarily brain, heart, and skeletal muscle cells. 
This also indicates that mitotic or dividing cells also experience the development of 
EMODs production associated with aging.  Thus, I ask, “How is it that dividing cells 
seemingly experience mtDNA damage rapidly and yet post-mitotic cells can survive 
for a life time in the most highly oxidative organs and organelles in the body, 
namely, the heart, brain and skeletal muscle?”  It is because the Free Radi-Crap 
theory is wrong, as is demonstrated by it lack of cohesive predictability. 

It has been shown that, even at a tissue PO2 of 1 Torr (normal, 35 Torr), there is a 
significant production of free radicals despite the low Michaelis constant (Km) of 
cytochrome oxidase complex in the mitochondria.  
 
Cyclooxygenase reacts with accumulated fatty acid, simultaneously generating singlet 

O2 and hydroxyl radical.  
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I believe that aging and disease will best be prevented by methods that do not 
decrease levels of EMODs, which is contrary to the current use of antioxidants.  I 
believe that the body constantly seeks to remain in a state of homeostasis.  It tries to 
avoid the extremes of high and low concentrations of most biologically important 
biochemical molecules and it tries to remain in a prooxidative state. 

NADH-ubiquinone oxidoreductase (complex I) deficiency patients 
exhibit cardiomyopathy and cataracts, hepatopathy and tubulopathy, and 
mild developmental delay. I believe that this is due to deficiency levels of EMODs 
caused by the lack of quinones.  Increased generation of hydroxyl radicals is known 
to induce cataract formation, cardiomyopathy, and premature aging in certain rat 
strains.  
 

Potential correlations between lipid peroxidation and transition metal 
concentrations or between lipid peroxidation and declining antioxidant protection 
have been obscured by the contradictory nature of the findings. I believe that future 
studies should be focused on a theory which is correct and that investigators should 
stop trying to support the flawed Free Radi-Crap theory.  They have to stop trying 
to force their data to fit this theory and to follow their data to where it leads them. 

 

 

Mitochondria are active in continuous generation of semiquinone radicals, reactive 
oxygen species and in lipid peroxidation.  It is known that the mitochondrial 
respiratory chain, especially complex I, is the main source of superoxide in 
nonphagocytic cells, probably via autoxidation of ubiquinone generated during electron 
transport. Impairment of complex I activity by blocking electron transport with 
inhibitors causes increased production of superoxide.  
 

Overproduction of EMODs may induce the opening of the membrane permeability 
transition pore in mitochondria and release of cytochrome c and other apoptogenic 
factors, which may ultimately lead the cell into apoptosis. 

There is also evidence that EMODs formation is directly related to the amount of 
oxygen presented to the mitochondrion and that production of EMODs follows the 
law of mass action. 

It has been established that many of these mtDNA mutations start to occur after the 
mid-thirties and they accumulate with age in postmitotic tissues of the human body, 
but other data states that mutated mtDNA can be found in young mice. The 
proportions of mtDNA with these mutations in aging human tissues rarely exceed 
1%.  I find it incredible that postmitotic cells in the heart and brain have so few 
mtDNA mutations since they are in organs with such high oxidative capacity and 
oxygen utilization.   
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The five enzyme complexes in the respiratory chain are composed of more than 100 
polypeptides, most of which are encoded by genes in the nuclear genome. However, 13 
polypeptides involved in the respiration and oxidative phosphorylation are encoded 

by mtDNA. Thus, any molecular defect that leads to altered expression of the 
mtDNA-encoded genes or impairment in the biogenesis of mitochondria would cause 
a deficiency in energy metabolism of the affected tissue cells. 

It was found that the mitochondrial membrane potential, the driving force for 
oxidative phosphorylation, is decreased in tissue cells of old animals.  

The rate and amount of hydrogen peroxide generated by mitochondria is an 
important determinant of the oxidative damage sustained by mitochondria.  I 
believe that this does not follow and is contrary to the beneficial effects of exercise. 

Human cells harboring mutated mtDNA and/or defective mitochondria had lower 
respiratory function and exhibited higher rate of production of superoxide anions, 
hydroxyl radicals, and hydrogen peroxide.  
 

 

It was found that human cells overexpressing MnSOD resulted in cell cycle arrest, 
decrease in mitochondrial mass, accumulation of intracellular hydrogen peroxide, 
and induction of mRNA levels of matrix-degrading metalloprotease-1, which plays a 
major role in the process of carcinogenesis and aging (Wenk J.). 

Human mtDNA is a naked compact DNA molecule without protection by histones or 
DNA-binding proteins, and it is replicated rapidly by a unique D-loop mechanism 
without proofreading. MtDNA is attached to the mitochondrial inner membrane in 
which a considerable amount of RONS is continually produced by the respiratory 
chain. These molecular biological and biochemical studies have provided confusing 
and conflicting evidence to support that oxidative damage is generally accompanied 
by defects in mitochondrial respiration and oxidative phosphorylation. 

Oxidative damage to mtDNA occurs at a frequency approximately 20 times greater 
than that for nuclear DNA. UV damage cannot be repaired in mitochondria because 
nucleotide excision repair (NER) exists in the nucleus but does not appear to be 
present in mitochondria.  

Even though the activities of some of the endonucleases capable of repairing 
oxidative damage are upregulated in the aging tissues, some others are unchanged 
(e.g., uracil DNA glycosylase) or even declined (e.g., endonuclease G).  This only 
serves to confuse the already confused view of the Free Radi-Crap theory of aging. 

Mitochondria are sensors for the regulation of energy metabolism and for the 
release of EMODs in response to cellular needs and stimuli. Mitochondria and their 
constituents including mtDNA are particularly vulnerable to oxidative damage.  Yet, 
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even with inadequate repair enzymatic systems, most function very well for a life 
time.  

Ames et al believe that during aging, oxidation of proteins deforms them and 
“...thus decreases the affinity of many enzymes for their substrates or coenzymes.” 
 
CoQ10 content in hearts from humans 77 - 81 years old is only 43% of that present 
in 19 - 21 year old hearts. 

Many experiments have been reported that clearly do not support the MTA or the 
FRTA.  The vitamins E, A and C, selenium, and carnosine regimens  have done 
nothing to lengthen the life span or decrease diseases attributed to oxygen free 
radicals; nor have they prevented mitochondrial decay. 

Attempts to use thiols as anti-oxidants in systems containing iron or copper ions 
may even result in stimulation of oxidative damage. 
 
GSH-Px has the distinction of being the only human enzyme requiring the element 
selenium for its activity.   
 
Iron is an essential trace mineral in human nutrition. It is involved in the entire 
process of respiration, including oxygen transport and electron transport. 
 

Iron-deficiency, which can lead to a microcytic, hypochromic anemia, is the most 
common nutritional disorder in the world. The function and synthesis of 
hemoglobin, which carries most of the oxygen in the blood, is dependent on iron. 
Iron is also involved in the production of myoglobin, L-carnitine and aconitase, all 
of which are involved in energy production in the body. Iron is involved in DNA 
synthesis and iron may also play roles in normal brain development and in immune 
function. Iron is also involved in the synthesis of collagen and in the synthesis of 
serotonin, dopamine and norepinephrine. 

The shift back and forth between its two oxidation states—ferrous (II) and ferric 
(III)—via single electron-transfer reactions is the property that makes iron such an 
essential component of the cytochromes in the electron transport chain. Again, iron 
is designed to participate in redox reactions and this is not a bad thing. Iron-
deficient subjects were found to have certain abnormalities in cell-mediated 
immunity and in the ability of neutrophils to kill different bacteria.  

Iron-deficiency has been associated with the Plummer-Vinson syndrome. Those with 
Plummer-Vinson syndrome are at increased risk of cancer of the esophagus and 
stomach.  

Please keep in mind that both iron and copper deficiencies are associated with 
increased cancer rates and that both of these transition metals are potent 
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prooxidants.  Thus, I believe that their absence could lead to EMOD deficiency 
states and therefore, “allow” for cancer manifestation and development, consistent 
with my Unified theory. 

Within the cell, iron is released into the cytosol. Within the cytosol of the erythroblast, 
iron is transported by an unknown mechanism to mitochondria where it is inserted 
into protoporphyrin to form heme. The body has a limited capacity to excrete iron. 

Beer, the special sauce on a McDonald's Big Mac, and blue colored shampoos such as 
Aloe Vera or Revlon Aquamarine have the EDTA molecule in common. EDTA is 
synthesized on an industrial scale from ethylenediamine, formaldehyde, and a source of 
cyanide (HCN or NaCN).  
 
Given the magnitude of its industrial use, EDTA is one of the organic pollutants found 
in highest proportions in surface waters in central Europe. Research of the cellular 
toxicity of chelates indicates, in general, noxious effects normally attributed to the 
lack of metals essential to various cellular functions. Free EDTA has been shown to 
produce adverse reproductive and developmental effects in mammals. 
 
It has also been proved that heavy metals complexed with EDTA (and also with 
humic acids) are biologically available and toxic. Cd(II)-EDTA and Cu(II)-EDTA 
complexes were more toxic than their respective free metals in acute toxicity test in 
Daphnia magna. 
 
EDTA behaves as a persistent pollutant in the environment, enhancing the mobility 
and bioavailability of heavy metals. 
 
Hemoglobin, myoglobin, chlorophyll, aspirin, penicillin, etc., are common chelators. 
Chelation used in this way is a process of detoxification. 
Desferrioxamine (Desferal®), for instance, can be used to treat iron overload since the 
drug binds iron with a large preference over other metal ions such as calcium.  

EDTA is a chelator-meaning that it binds ions in the blood. It is highly effective as a 
treatment of heavy metal poisoning (such as lead), for which it is currently approved 
for use. Other divalent ions, such as calcium, magnesium, and iron, are bound by EDTA 
as well. One important property required of clinically useful chelators is specificity. 

It has yet to be proven that chelation of calcium in the plasma promotes leaching of 
calcium from an atherosclerotic plaque.  

The basis of this injury is the very property that makes iron vital to all life: it can exist 
in either of two stable oxidation states. Iron ions in aqueous solution exist either in the 
ferrous (Fe2+) state or the ferric (Fe3+) state. The shift of electrons between iron and 
donor molecules is the basis of energy production by controlled oxidation of 
carbohydrates, proteins, and lipids. Iron is a key element in most of the cytochrome 
enzymes involved in the oxidative phosphorylation of the Krebs cycle.  
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Iron that is sequestered within ferritin is metabolically inactive.   This is a key point 
in considering the frequency of the Fenton reaction in normal patients and cells 
under normal physiological circumstances. 

There is three times as much transferrin iron-binding capacity in plasma as iron 
needing to be transported, such that there are essentially no free iron ions in the 
plasma.  More importantly, iron ions bound to transferrin cannot stimulate lipid 
peroxidation or formation of free .OH radicals.  The same is true for copper ions 
bound to the plasma proteins ceruloplasmin or albumin. 

Ascorbate can only exert antioxidant properties in the absence of transition metal 
ions.   

Unlike most other cells, red cells cannot repair membrane damage.  I must point out 
that iron overload studies showed that it was associated with decreased formation of 
atherosclerosis.  

The tight binding of chelators to iron, blocks the ion's ability to catalyze redox 
reactions. Iron ions have six electrochemical coordination sites. 

No ideal chelator exists to treat patients with transfusional iron overload. 
 
Three studies that followed failed to show an effect of chelation on peripheral 
vascular disease (Sloth-Nielsen J.). One publication did find an adverse effect of 
EDTA which increased PTH hormone secretion and favored bone resorption and 
loss (Guldager B.). Two extensive review articles concluded that chelation is not 
effective for vascular disease (Mikaelsen PM). 
The Program to Assess Alternative Treatment Strategies to Achieve Cardiac Health 
(PATCH) trial, conducted in Calgary patients receiving chelation showed no 
improvement over those receiving placebo.  

Position statement issued by the American Medical Association (AMA) in 1994 
regarding EDTA chelation therapy:  
”There is no scientific documentation that the use of chelation is effective in the 
treatment of cardiovascular disease, atherosclerosis, rheumatoid arthritis, and 
cancer. If chelation is to be considered a useful medical treatment for anything other 
than heavy metal poisoning, hypercalcemia or digitalis toxicity, it is the 
responsibility of its proponents to conduct properly controlled scientific studies 
to adhere to FDA guidelines for drug investigation and to disseminate study results 
in the usually accepted channels. The AMA believes that chelation for 
atherosclerosis is an experimental process without proof in efficacy.” 

Significant hypocalcemia and tetany may occur, which can be life threatening. There 
have been reports of severe kidney damage and death after chelation therapy. 
Chelation may cause many severe side effects, including severe kidney damage, 
reduction of the body's ability to make new blood cells in the bone marrow, 
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dangerously low blood pressure, fast heart rate, dangerously low calcium levels in 
the blood, increased risk of bleeding or blood clots (including interference with the 
effects of the blood-thinning drug warfarin [Coumadin]), immune reactions, 
abnormal heart rhythms, allergic reactions, blood sugar imbalances and 
convulsions. 
 
It has been suggested that chelation breaks down cholesterol plaques that cause clogged 
arteries and removes calcium from these plaques. However, no convincing scientific 
evidence has supported this theory. 
 
Chelation may play a role in the treatment of lead or heavy metal toxicity. 
 
Because this represents a non-specific treatment, if using EDTA, which potentially 
binds all transition metals, I have serious reservations concerning its safe use.  
There are so many important normal biochemical reactions dependent upon the 
presence and participation of transition metals to maintain homeostasis and to 
provide for adequate production of energy via ATP, that I am very skeptical of any 
“treatment” which non-specifically attempts to remove these transitions metals 
from the body.   
 

Chelating agents will alter the reactivity of iron in O2
.- generating systems.  

Ethylenediaminetetraacetic acid (EDTA) enhances the reactivity of iron toward O2
.-, 

while diethylenetriaminepentaacetic acid (DETAPAC or DTPA) drastically slows the 
O2

.- reaction with iron (GR Buettner). 

Please keep in mind that both iron and copper deficiencies are associated with 
increased cancer rates and that both of these transition metals are potent 
prooxidants.  Thus, I believe that their absence could lead to EMOD deficiency 
states and therefore, “allow” for cancer manifestation and development, consistent 
with my Unified theory. 

In addition to possible anemia, neutropenia and osteoporosis, manifestations of mild 
copper deficiency may include abnormal glucose tolerance, hypercholesterolemia, 
arthritis, myocardial disease, arterial disease, cardiac arrhythmias.  

Copper participates in metabolism as a component of many metalloenzymes, 
including ceruloplasmin or ferroxidase I, cytochrome oxidase, copper/zinc superoxide 
dismutase, dopamine beta-hydroxylase, tyrosinase, monoamine oxidase, diamine oxidase, 
lysyl oxidase (protein-lysine 6-oxidase), peptidylglycine-alpha-amidating monoxygenase 
and ferroxidase II. 

The shift back and forth between these two oxidation states via single-electron-
transfer reactions is the property that makes copper such an essential component of 
the enzymes mentioned above.  
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Free copper ions are involved in the formation of hydroxyl radicals. The proteins 
that protect cells from copper toxicity are called copper chaperones and essentially 
keep the cells free of free copper ions. Wilson's disease, or hepatolenticular 
degeneration, is an autosomal recessive disorder that results from pathological 
accumulation of copper, principally in liver and brain tissues. 

Copper may have antioxidant activity. Copper supplementation in middle-aged 
volunteers was found to protect red blood cells against oxidation. Copper is a 
cofactor for copper/zinc superoxide dismutase and ceruloplasmin, two important 
antioxidant enzymes. Copper is transported in the blood primarily bound to 
albumin. Copper is mainly taken up by the liver where it is principally incorporated into 
ceruloplasmin. Supplemental copper may have some anticancer effects and may be 
of benefit in some with arthritis. There are some dated reports that supplementary 
copper significantly protected rats against chemically-induced cancers. Another 
study reported that a copper-salicylate derivative inhibited tumor promotion in mice. 
In an in vitro study, several copper-containing compounds prevented the malignant 
transformation of chick-embryo cells by the Rous sarcoma virus.  

 

Injections of copper/zinc superoxide dismutase directly into the joints of some 
patients with osteoarthritis and rheumatoid arthritis have reportedly produced 
some relief.  I believe that this effect is due to the generation of H2O2 by SOD, which 
corrects an EMOD deficiency state. There is no doubt that copper deficiency can 
contribute to cardiovascular disease. Copper deficiency increases the susceptibility 
of lipoproteins and tissues to peroxidation. I believe that this indicates a prooxidant 
function for copper and not an antioxidant effect. Copper deficiency has been shown 
to increase vulnerability to and mortality from infection. It has been shown that 
neutrophils in human peripheral blood are significantly diminished both in number 
and in their ability to create superoxide anions and kill ingested micro-organisms in 
conditions of marginal, as well as overt, copper deficiency.  

Diet is believed by many to be the single greatest contributor to human cancer.  

Copper deficiency significantly increased the small intestine tumor incidence in Min 
mice, a genetic model for human colon cancer susceptibility (Davis, C. D.). I believe 
that increased EMODs levels will decrease cancer growth allowance. This is exactly 
what happens when the diet is low in copper or iron, which decreases generation or 
EMODs, which increases neoplasia.  It is well known that both iron and copper are 
strong oxidizing agents or can contribute to the prooxidant state. 

I believe that all of the foregoing data shows that increased levels of EMODs in the 
fecal stream, secondary to iron and copper prooxidant activity, decreases neoplasia. 
This approach is consistent with my Unified Theory. 

I believe that SOD is an important prooxidant enzyme because of the fact that it 
generates a more potent oxidant of H2O2 from a weak oxidant O2

.-. This is SOD’s 
only function.  
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Enterococcus faecalis is a microorganism of the human intestinal tract that produces 
substantial extracellular superoxide, and derivative reactive oxygen species such as 
hydrogen peroxide and hydroxyl radical. I believe that it is possible that iron 
derived from heme in a red meat diet, may have beneficial effects due to increased 
generation of EMODs in the colon. 

It does not make sense that lower copper levels results in lower generation of 
EMODs but it makes a lot of sense that lower levels of copper, hence lower levels of 
EMODs, readily explains the higher colon cancer susceptibility seen in copper-
deficient animals. 

Studies have shown that metals, including iron, copper, chromium, and vanadium 
undergo redox cycling. However, cadmium, mercury, and nickel, as well as lead, 
deplete glutathione and protein-bound sulfhydryl groups, resulting in the 
production of EMODs as superoxide ion, hydrogen peroxide, and hydroxyl radical. 
Effects of transition metals are very much dependent upon their concentrations. 
 
Usually, ascorbate is considered an excellent reducing agent. However, in its 
capacity as a reducing agent, it is able to reduce redox-active metals such as copper 
and iron and thereby it increases the prooxidant activity of these metals. Hence, 
ascorbic acid can serve as both an antioxidant and as a prooxidant.  Generally it is a 
prooxidant at low concentrations and it tends to be an antioxidant at high 
concentrations and thus, it exhibits a “crossover effect.” Buettner et al believe that 
the presence and concentrations of these transition metals determines the “position” 
of the crossover effect. 
 
The hypothesis of Haber, Weiss and Willstatter became moot and on a biological time 
scale, it is a very slow reaction at cellular concentrations of these two reactants and 
thus can be considered to be a negligible process.   
 
Many biological molecules autoxidize by contacting and giving O2 an electron, thus, 
forming O2

.-. Several sugars, including glucose, interact with protein to form 
EMODs. Transition metals serve as efficient catalysts of redox reactions and their 
reactions with dioxygen are not spin restricted.  Thus, it is likely that the vast 
majority of so-called autoxidation reactions are, in fact, metal catalyzed (Miller, 
D.M.). 
 
Transition metals can exist in several spin-states and are able to relieve the spin 
restriction of dioxygen, thereby enhancing the rate of biomolecule oxidation.  This is 
especially important when it is realized that innumerable biomolecules bind transition 
metals, in particular protein moieties containing oxygen, nitrogen or sulfur atoms.  The 
coordination of biomolecules by transition metals almost always involves the d-
orbitals of the metal.   
 
Unbeknownst trace amounts of adventitious catalytic metals in buffer solutions can 
serve as artifactual catalysts for many oxidative processes and have undoubtedly 
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served to confuse free radical research because of incidental transition metal 
contamination.   
 
The metal-catalyzed Haber-Weiss reaction is often called the superoxide-driven 
Fenton reaction. 
 

 

The iron chelates DETAPAC and Desferal seem to slow the Fe3+ to Fe2+ reduction 
reaction significantly, rather than slowing the Fenton reaction, involving H2O2 and 
iron. The metal chelate can form complexes that hinder the redox cycling. Chelates can 
not guarantee metal removal.  Strong reducing radicals, such as the paraquat free 
radical (-450 mV), can reduce Fe(III)DETAPAC to the Fe2+ complex, thus making it 
catalytically very reactive. This is analogous to the increased prooxidant activity of 
Fe(III)EDTA complexes. 

Ferritin can hold ≈2500 ions/molecule, while transferrin can hold two ferric 
ions/molecule.  On a per-iron basis, each is very resistant to reaction with superoxide.  
The rate constant for the reaction of superoxide with ferritin was found to be 2 x 106 
M-1s-1 or only ≈1 x 103 M-1 s-1 (iron) -1, a very slow process.  The reaction of 
superoxide with transferrin iron is also very slow. Thus, the iron of intact 
transferrin will not participate in the catalysis of free radical oxidation reactions.  
The iron in transferrin can become available for oxidation reactions, but it appears 
that this happens only when there is damage to the protein.).  The very slow reaction 
rates of iron-bound ferritin and transferrin is very important in accessing the 
likelihood of and frequency of the Fenton reaction, other than in the presence of free 
transition metals.  However, the iron in ferritin and transferrin can be coaxed to act 
catalytically because reducing agents such as superoxide and ascorbate or reducing 
radicals such as paraquat, adriamycin and alloxan radicals can reduce Fe3+ in ferritin to 
Fe2+.  Fe2+ is a lot more soluble that Fe3+ and thus can be released from the core of the 
ferritin molecule. This released iron can then participate in oxidation reactions.  
The “pecking order of oxidizing free radicals” of Buettner must always be taken 
into account when addressing free radical reactivity.  
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Radical mV 
.OH (hydroxyl) +2300 
.LO (alkoxyl) +1600 

LOO. (peroxyl) +1000 
  .GS (glutathione) +920 
.HU- (urate) +590 
.Toc (tocopherol) +480 
.Asc- (ascorbate) +282 

Fe3+-EDTA  +120 

 
Source (RADIATION RESEARCH; Buettner, GR; 145:532-541 (1996)].) 
 

 

PUFA.                    +600 
H2O2   +320 
O2/O2

.-  -330 
Paraquat2+  -448 
Fe(III)Desferal -450 
RSSR/RSSR.-(GSH) -1500 
H2O/eaq

-  -2870  
 
In nearly all the experimental systems where ascorbate has pro-oxidant properties, 
there is the simultaneous presence of redox active metals.  Thus, catalytic metals 
and ascorbate are to be avoided, unless one wishes to increase the prooxidant state. 
Thermodynamically and kinetically (reaction rates) ascorbate can be an excellent 
antioxidant. Ascorbate forms a “more domesticated” radical as compared to the 
aggressive radicals with which it reacts. Surprisingly, ascorbate seems to produce very 
low levels of O2

.- (M Scarpa). In almost all of the experimental systems where ascorbate 
has prooxidant activity, there are active transition metals present.  This produces the 
“paradox” of ascorbate’s prooxidant behavior. Ascorbate is an excellent reducing 
agent and the redox cycling is essential to the oxidation of the vast majority of singlet 
state organic molecules. In general, low concentrations of ascorbate are required for 
pro-oxidant conditions, while high concentrations are needed for antioxidant 
conditions. 
 
Because copper is ≈80 times more efficient as a catalyst for ascorbate oxidation than 
iron, in typical phosphate buffers it is the adventitious copper that is the biggest culprit 
in catalyzing ascorbate oxidation (Buettner, G.R.). I speculate that this aspect of 
copper reactivity in producing increased oxidation may explain it beneficial effects 
in treating arthritis by the use of copper bracelets. 
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Iron may help generate 1O2 in PDT.     
 
I believe that the use of iron and ascorbate could safely contribute to the prooxidant 
state of the body and add to prooxidant protection against pathogens and neoplasia. 
 
Metals are both too easily blamed and or often neglected in studies of free radical 
oxidations. 
 

Bilirubin is an efficient scavenger of reactive oxygen species, especially singlet oxygen.   
I believe that this raises some interesting points.   Thus, I ask, “Why do high levels of 
bilirubin (this purported natural potent antioxidant) cause brain damage in high 
concentrations?  The Free Radi-Crap theory would predict that it would have great 
beneficial antioxidant effects in a hostile oxidizing organ such as the brain; instead, 
the antioxidant bilirubin can cause permanent brain damage!  I believe that this is a 
natural experiment which shows the need for EMODs in promoting normal brain 
function and the dangers of antioxidants. 

 

Please remember that another natural antioxidant, uric acid, is the causal agent in 
gout. 

Bilirubin is important as an antioxidant as its concentration is thought to increase in 
response to oxidative stress.  Heme oxygenase (HO) is a microsomal enzyme that 
catalyses the degradation of heme to biliverdin, and then by activation of biliverdin 

reductase, to bilirubin. Heme oxygenase has been reported to have a role as a pro-
oxidant agent and is the enzyme responsible for physiological haem degradation; it 
catalyses the degradation of heme to equimolar amounts of carbon monoxide, 
biliverdin, and iron.  I believe that this study really confuses the oxy-morons.  Now, 
it is said that bilirubin is not an important antioxidant in vivo and HO is actually 
acting as an antioxidant.  Unconjugated bilirubin is able to scavenge singlet oxygen 
with high efficiency, to react with superoxide anions and peroxyl radicals, and to 

serve as a reducing substrate for peroxidases in the presence of hydrogen peroxide 
or organic hydroperoxides.   

Bilirubin has not always been found to be effective as an antioxidant agent: Mireles 
et al showed in vitro that, after oxidative stress, a bilirubin concentration > 30 mg/dl is 
associated with an increase in protein oxidation. In summary, I believe that the 
entire area of bilirubin and HO is still in serious question. 
 
Erythropoietin products are becoming associated with higher rates of fatal 
thrombotic events. 
 

Iron deficiency in vegetarian children without anemia may cause mental 
impairment, but it appears to be temporary.  Iron deficient children are also at a greater 
risk of infections. 
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I believe that the facts related to iron levels argues for the presence of iron and for 
the generation of hydroxyl radicals, which can interact to yield H2O2.  Both of these 
conditions would have beneficial effects. 

• Anemia has adverse effects on the heart and increases the severity of cardiac 
conditions, including reducing survival rates from heart failure and heart attacks. 
Elderly patients who are anemic for more than two days before heart surgery also 
have a greater risk for complications and death. A 2002 study further suggested 
that anemia might even be a risk factor for heart disease itself.  

• One study found that anemia was a strong predictor of other serious problems that 
were not present at the time anemia was first detected. For example, 13% of 
elderly people with anemia developed cancer over a ten-year period 
compared to 5% of non-anemic individuals. Rates of infection and peptic ulcer 
rates were also higher in anemic patients.  

• Anemia is associated with higher mortality rates and possibly heart disease in 
patients with kidney disease (regardless of age).  

• A strong association was noted between an increased incidence of falls and the 
presence of anemia.  

• One 1999 study also found an association between anemia and vascular dementia. 
(This form of dementia is caused by lack of oxygen to the brain. It is not related to 
Alzheimer's disease.)  

 

All of the facts relating to anemia are consistent with my Unified Theory, in that 
decreased levels of oxygen lead to deficiency states of EMODs and allow for the 
manifestation of cancer and vascular disease.  This may also be the case for 
cataracts and rheumatoid arthritis seen in the elderly or with increased aging.   
 
Scientists found that the number of myocytes multiplying in diseased hearts was 70 
times higher in the border zone and 24 times higher in the remote area. It is now 
thought that cardiac muscle cells can reproduce.  

It has been proposed that intermittent hypoxia, such as that seen in sleep apneas, 
represents a form of oxidative stress leading to increased generation of reactive 
oxygen species. I would certainly subscribe to this notion with normal sleep. I 
believe that sleep seems to require hypoxia, with increased EMODs production, 
such that it can generate EMODs for purposes of cleansing, repair, and 
rejuvenation. In short, the relation of EMODs generation to sleep apnea and 
cardiovascular diseases is speculative, but it could be serving to give us a clue 
regarding the true nature of the need for sleep and the hypoxia associated with it. 

Diabetes is closely linked to obesity. Studies have shown an association between 
diabetes and several common cancers, including pancreas and colon cancer (Jee, 
S.H.). Elevated fasting serum glucose levels were associated with a 27% increase in 
cancer mortality among men and a 31% increase among women. Considerable 
epidemiological data supports the association between obesity and various types of 
malignancies, including postmenopausal breast cancer and cancers of the colon, 
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pancreas, endometrium, esophagus (adenocarcinoma), kidney, gallbladder and 
gastric cardia (Caslle, E.E.). Being obese more than doubles the risk of a type of 
leukemia, acute myelogenous leukemia (AML), in older women.  

I believe that it is due to the decrease in the immune system which is seen in obesity 
and to the presence of double bonded fats, which serve as traps for EMODs.  It 
seems obvious that all of these factors are interrelated.  We must also keep in mind 
that obesity is like a chronic inflammation of the fat cells and these areas have lower 
levels of oxygen and consequently lower levels of EMODs. 

A study revealed that 70% of the identical twins of known diabetics were diabetic. 
The strong evidence for hereditary susceptibility to diabetes leads many health 
professionals to believe that for diabetes-prone families, the potential to become 
diabetic is present in all members at the time of their birth. This fits in beautifully 
with my “re-thinking” of diseases. 

Viruses have long been considered potential causal agents for type 1 diabetes. Only 
rubella has a conclusively defined etiological role. New evidence also strongly 
implicates the enteroviruses, such as Coxsackie A and B, and the echoviruses as 
being a major trigger for Type 1 diabetes in the young.  

There is a long list of health disparities between differing racial groups.  For 
example, compared with whites, blacks are 30% more likely to die of heart disease 
at any given age and 40% more likely to die of a stroke.  Overall, blacks have an 
average life expectancy that is 5 years shorter than that of whites.   

Active nitric oxide (NO) tends to be less abundant in blacks than in whites.  People 
of Asian descent metabolize cholesterol lowering statin drugs more slowly than 
other people do.  Researchers at Vanderbilt noticed several years ago an overall 
difference between the reactions of groups of white and black patients to the anti-HIV 
drug, efavirenz.  That agent was considerably more likely to cause side effects in 
blacks that in whites.   
 
Researchers have long known that breast cancer affects African-American women 
differently than white women. Black women are less likely to get the disease, but 
more likely to die from it if they do. Black women also get the disease at younger 
ages than white women do.  Breast cancer differences between white and black 
women persisted even after accounting for numerous risk factors. Women in all the 
minority groups were less likely to develop breast cancer than white women.   

African-American women were much more likely to be obese than white women (obesity 
raises the risk of breast cancer after menopause). Breast tumors from African-
American women are more likely than tumors from white women to have a particular 
gene, BP1, that is associated with aggressive breast cancer and ER-negative status. 

People with normal hormone levels have more cancer than people who are deficient.  
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This line of reasoning applies to testosterone, estrogen, growth hormone, DHEA, and 
other hormones. An effective treatment for breast cancer is chemical blockage of 
estrogen with Tamoxifen (female chemical castration). Menopause is the equivalent 
of castration for a woman.  

There is a major difference between saying that hormone deficiency slows cancer 
growth and jumping to the conclusion that normal hormone levels cause cancer. 
Normal hormone levels are essential for health and well being. All cells in the body 
require hormones for support, not just cancer cells. 

Hormone deficiency retards the growth and replacement of all cells, not just cancer 
cells. Old age is, to some extent, a deficiency disease. Consider also, the hormone 
deficiency weakens the immune system, a major defense against cancer.  Further, I 
believe that old age is a deficiency state of EMODs.   

Hormone production declines with age. The most effective treatment for advanced 
prostate cancer is castration—or the chemical equivalent with testosterone blockers. 
 
Researchers have demonstrated that castration induced discrete oxidative stress 
(OS) in the acinar epithelium of rat ventral prostate (VP). 
 
Quantification of steady-state mRNA levels of 14 genes involved in the anabolism and 
catabolism of reactive oxygen species (EMODs) showed that castration resulted in: 
  
-dramatic increases of three EMOD-generating NAD(P)H oxidases (Noxs) including 
Nox1, gp91(phox), and Nox4, 
  
-significant reductions of key EMOD-detoxifying enzymes (superoxide dismutase 2, 
glutathione peroxidase 1, thioredoxin, and peroxiredoxin 5), 
  
-and unchanged levels of catalase, glutathione reductase, gamma-glutamyl 
transpeptidase, and glutathione synthetase.  
 
I believe that this data supports my UTOPIA theory, in that it shows that 
testosterone deficiency, through castration, increases EMODs and this is the best 
treatment for prostate cancer, which has resulted in cases of long term total 
remission of the cancer. Administration of testosterone to the castrated group 
resulted in decreases in EMODs, which would “allow” for continued growth of 
prostate cancer.  Additionally, antioxidant enzymes are restored by testosterone 
administration, which would result in a further deficiency state of EMODs and a 
more favorable environment for cancer survival and growth. 
 
Remember, people with normal hormone levels have more cancer than people who 
are deficient.  The most effective treatment for advanced prostate cancer is 
castration—or the chemical equivalent with testosterone blockers. The prostate is 
highly dependent on testosterone. Even when prostate cancer is far advanced and has 
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spread to bones, castration will often bring a near total remission lasting several 
years.  I believe that this hormone data is strong support for my Unified Theory. 
 
Cancer cells have much higher levels of iron than do normal cells.  The surface of 
cancer cells has 5-15 times more transferrin receptors than healthy cells.   
 
Ascorbic acid is the only common food element known to increase nonheme Fe 
bioavailability. 

Children have a greater need for Fe and appear to be in positive Fe balance to cover 
this need.  Thus, according to the Free Radi-Crap theory, children should have an 
increased rate of all of the diseases caused by the “Fenton reaction” and generation 
of the dastardly hydroxyl radical….but they do not.  As we all know, children have 
a lower rate of onset of diseases. 

Also, iron deficiency has a high correlation to colon cancer in the elderly.  Again, I 
believe that this is contrary to the predictions of the Free Radi-Crap theory because 
these patients would theoretically be generating fewer hydroxyl radicals via the 
Fenton reaction and should have fewer cancers, not more. 

Among men and postmenopausal women, gastrointestinal malignancy is more 
common in those with iron deficiency than in persons with normal iron serum 
saturations and hemoglobin levels.  
 
Fe is transferred to the mitochondria, which insert the Fe into protoporphyrin for it 
to become heme.  

Aging RBCs undergo phagocytosis by mononuclear phagocytes. Prompt digestion 
results in available Fe that is grasped by transferrin for reutilization. This system of 
Fe reutilization is so efficient that about 97% of the daily Fe needs (about 25 mg of Fe) 
are met from this storage pool; another 1 mg is derived from intestinal absorption. 

The second storage pool of Fe is in hemosiderin, which is relatively insoluble and 
stored primarily in the liver (in Kupffer cells) and in the marrow (in macrophages).  
Thus, I ask, “why would the body store iron in a cell which is capable of being 
activated to produce huge amounts of EMODs, unless it is to assist in EMOD 
generation of macrophages?” 

Some symptoms are specific to Fe deficiency. Fatigue and loss of stamina can occur 
through a separate effect on the tissues (perhaps cellular enzyme dysfunction related to 
Fe-containing enzymes). 

Underlying diseases, causing anemia, need not be chronic because the 
pathophysiologic features transiently appear during virtually any infection or 
inflammation. 
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Unbound iron can act as a prooxidant by catalyzing the production of the very 
reactive hydroxyl radical from hydrogen peroxide and strong reducing agents such 
as ascorbate or homocysteine (Fenton reaction). Unbound copper is known to be an 
even more reactive prooxidant than iron. 
 
This supports my Unified Theory, in that, the high iron levels lead to the formation of 
greater amounts of EMODs which will kill the cancer cells.  Theoretically, I believe that 
one could increase dietary iron and its absorption with ascorbic acid, and increase 
EMODs levels and thus, decrease cancer formation rates and kill neoplastic cells, on a 
prophylactic basis.  This may also apply to viruses and bacteria.   
 
The Free Radi-Crap theory suggests that patients with iron overload should be 
symptomatic of all of the diseases attributed to high EMODs levels, but out of 410 
patients, 27% with iron overload, had no symptoms whatsoever (Adams, P. C.). 
 
Normally, there is no free iron in the blood of healthy patients. 
 
I believe that this effect of ethanol, increasing EMODs levels, may be the reason that 
alcohol has been used for its medicinal properties throughout recorded history.  
Further, it may explain the “French Paradox”, in which patients have low levels of 
heart disease and arteriosclerosis and have a high intake of ethanol, even though 
they also have a high intake of fatty foods. 
 
A robust immune system is all that stands between us and perpetual infection. 
 
Although most people get sufficient vitamin B12 in their food, between 10 and 30 
percent of older adults lose their ability to adequately absorb the naturally-
occurring form of B12. 

Key Components in Your Immune System 

o Antibodies —elements of the immune system targeted to specific 
invaders that you have been exposed to before.      

o Macrophages —cells that kill bacteria by surrounding and, in effect, 
eating them.  

o Lymphocytes —infection-fighting white blood cells. Lymphocytes play a 
role in making antibodies.  

o T-cells — a type of lymphocyte attacked by HIV.  
o Thymus —the gland where cells mature into lymphocytes.      
o Neutrophils —compose about 75 percent of circulating white blood cells.  
o Interleukin-2 — A hormone that promotes growth in the number and 

power of T-cells.  

Without enough iron, the number of antibodies in the immune system is reduced, 
and the system's natural killer cells, neutrophils, and macrophages are unable to kill 
bacteria as effectively as they should. Iron deficiency may also lower both the 
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number of white blood cells and their ability to fight infection. 

L-arginine stimulates the adult immune system and reduces the growth and spread 
of experimentally induced tumors. 
 
American doctors accept HBOT for use in wound healing, bone infection, carbon 
monoxide intoxication, and air emboli, or air bubbles in the bloodstream due to 
decompression sickness, open-heart surgery, and other sources.  HBOT can also be 
used for conditions such as coma resulting from head injuries, bruising of the spinal 
cord, stroke, and neurological disorders such as multiple sclerosis.   
 
When adequate oxygen can’t reach the damaged area, and the body’s natural 
healing process fails to function properly. 
 
For more than three hundred years, people have been breathing pressurized air for 
its therapeutic effect.  One atmosphere absolute is the average atmospheric pressure 
exerted at sea level, or 14.7 psi. 
 
Drugs can reduce edema but they cannot supply the brain with needed oxygen. 
Studies have shown HBOT’s effectiveness in cases where spinal damage is 
associated with injuries.  
 
During the first phase of a migraine, blood flow may be reduced by an average of 
36%.  Many migraine patients who receive HBOT find that the interval between 
attacks is significantly increased. 
 
There is some evidence that HBOT can reverse age-related macular degeneration 
(AMD). HBOT was the safest and most effective treatment available for MS. 
 
The Gottlieb-Neubauer theory, proposing that MS is caused by lack of oxygen, has 
been supported by research showing that HBOT, which overcomes a lack of oxygen, 
is an effective treatment method. Seventy percent of the treated MS patients either 
did not deteriorate, had their conditions stabilize, or showed small improvements. 
 
A wound’s chances of becoming infected are directly related to how little oxygen 
there is in the affected tissues (Hunt, T.K.). Under-oxygenation can also reduce the 
body’s ability to heal the wound, especially since healing tissue needs even more 
oxygen than does healthy tissue. The creation of capillaries, the tiny blood vessels 
that connect arteries to veins, requires both collagen and oxygen. If either is lacking, 
new capillaries cannot be created, and wound healing cannot occur.  Thus, a lack of 
oxygen in the wounded tissues interferes with the entire wound healing process 
(Wells, C.H.). Swelling reduces the number of white blood cells and other infection 
fighters that can reach the affected tissues, and those cells that do find their way to 
the area cannot act very effectively without oxygen.  HBOT can help counteract 
infection indirectly by providing the white blood cells with the oxygen they need.  It 
can also act directly by killing anaerobic organisms, stopping their multiplication, and 
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neutralizing the toxins that some of them produce.  
 
Oxygen is essential in the creation of granulation tissue, the pink, fleshy tissue that 
first grows over a healing wound. Oxygen also promotes the growth of collagen. It 
encourages bone repair.  HBOT’s effectiveness in minimizing tissue death, reducing 
swelling, and promoting healing has been proven in the laboratory (Strauss, M.B,).   
 
Oxygen acts as a potent antibiotic.  HBOT helps fight all microorganisms, but 
especially those that thrive in the absence of oxygen.  There is evidence that HBOT, 
because of its immune system-enchancing effects, can help the body fight these 
microbes. Studies suggest that HBOT works against Lyme disease by attacking the 
spirochete itself. Leprosy was the first infectious disease to be treated with HBOT: 
in 1938.  
 
HBOT can help burn patients heal faster with fewer complications. HBOT works to 
heal fracture nonunion by stimulating the production of collagen. Adding HBOT to 
conventional orthopedic methods shortened the process of bone regeneration and 
wound healing by ten to twelve days. Radiation damage causes hypoxia, or a lack of 
oxygen in the body’s tissues.  Hyperbaric oxygen helps fight this damage by 
increasing the amount of oxygen within the tissues. HBOT can help assure that skin 
grafts take hold and scars don’t reveal themselves.  In the case of a pedicle graft, it is 
important that HBOT be employed before what little circulation that is present 
develops blood clots. HBOT can also help speed the healing of skin ulcers.  
 
The use of hyperbaric oxygen leads to the development of new capillaries, tiny blood 
vessels linking arteries and veins.   
 
Research into HIV history also reveals the astonishing complexity of the virus and 
its ability to mutate and recombine with other strains -- continually producing "new 
and improved" versions that outpace mankind's efforts at treatment.  
 

 

Normally, 97% of the oxygen delivered to body tissues is bound to hemoglobin, 
while only 3% is dissolved in the plasma. At sea level, barometric pressure is 1 ATA, 
or 760 mm Hg, and the partial pressure of oxygen in arterial blood (PaO2) is 
approximately 100 mm Hg. At rest, the tissues of the body consume about 5 mL of 
O2 per 100 mL of blood.  

When tissue oxygen tensions fall below 30 mm Hg, host responses to infection and 
ischemia are compromised. Local tissue resistance to infection is directly related to 
the level of oxygen found in the tissue.  

At sea level in room air, hemoglobin is approximately 97% saturated with oxygen 
(19.5 vol% oxygen, of which approximately 5.8 vol% is extracted by tissue). The 
amount of oxygen dissolved into plasma is 0.32 vol%.  An increase in PO2 has a 
negligible impact on total hemoglobin oxygen content; however, it does result in an 
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increase in the amount of oxygen dissolved     directly into plasma.  With 100% 
inspired oxygen the amount of plasma oxygen increases to 2.09 vol%.  At 3 ATA 
plasma contains 6.8 vol% oxygen, a level equivalent to the average tissue 
requirements for oxygen.  Thus, HBO treatment could and has sustained life without 
hemoglobin. 
 

 

 

 

The oxidative burst seen in neutrophils after phagocytosis of bacteria involves a 10-
to 15-fold increase in oxygen consumption. This endogenous antimicrobial system 
virtually ceases functioning under conditions of hypoxia. A tissue PO2 of at least 30 
mmHg of oxygen is considered necessary for normal oxidative function to occur. 
Oxygen partial pressures below 30 mmHg are often seen in damaged and infected 
tissues. 
 

Almost all patients will show pulmonary toxicity after 6 continuous hours of 
inspired oxygen at 2 ATA. Retrolental fibroplasia has not been noted in infants, 
children, or adults undergoing HBO therapy. Development of cataracts has been 
reported in patients receiving more than 150 HBO treatments.  

When Crohn's disease causes a flare-up of gastrointestinal symptoms, the person 
may also experience inflammation of the joints (arthritis).   I believe that this is due 
to the fact that both diseases are based on deficiency levels of EMODs.  Rheumatoid 
arthritis is a disease with intense inflammation. Under chronic inflammation there 
are microcirculation disorders in bowel mucosa, hypoxia (lack of oxygen).  

The pain is relieved because hypoxia causes release of pain neurotransmitters and 
correction of the hypoxic conditions results in decreased pain. 

When failure of HBO2 treatment occurred in trial studies it became quite clear as to the 
two reasons for the failures:  

1.  HBO2 was used at the late stages of the disease.  

2.  For a long time before the hyperbaric oxygenation the hormonotherapy was used.  
This refers to steroid use, which would produce a state of immunosuppression 
and reduced levels of EMODs. 

 
The site of EMODs formation following T cell irradiation of 5 Gy has been 
confirmed to be apparently located in mitochondria and/or lysosomes, instead of in 
the nucleus. 
 
As human peripheral T cells lack peroxidase activity, these cells are considered to be 
easily susceptible to oxidative stress such as exogenous hydrogen peroxide. 
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EMODs formations in T cells induced by hydrogen peroxide showed different 
distribution patterns from those induced by 5 Gy-irradiation (Ogawa Y.). The work 
of Ogawa shows that the effect of radiation and H2O2 (EMODs) are, indeed, 
different in the living/breathing cell.  I have said for a long time that the energetics 
are completely different for these two modalities and thus, it would be illogical to 
expect their products to be exactly the same.   
 
The absence of a substance does not drive anything since that something is not there 
at all. Thus, oxygen deficiency “allows” for pain manifestation. This is an ingenious 
method to notify the body that something is wrong.  This also points out the crucial need 
to have adequate levels of oxygen in all parts of the body at all times.  It is so crucial that 
the body has evolved a “pain system” to alert us of inadequate levels of oxygen.  This 
can occur in angina, inflammation, infections, traumatic injuries, etc.  This is beautiful!   
 

A large number of pain neurotransmitters are involved in clinical expression of pain, 
including: substance P; enkephalins; neurokinin 1, 2, and 3; serotonin; adenosine 
triphosphate (ATP); nitric oxide; calcitonin; vasoactive intestinal peptides; 
epinephrine, norepinephrine, and related sympathomimetic agents; glutamic acid, 
aspartic acid, and related excitatory transmitters; and GABA, glycine, and related 
inhibitory transmitters. It seems safe to predict that future work will establish that, 
directly and indirectly, all those molecular species are triggered or influenced by 
oxygen deficit.  To me, this is incredible and emphasizes the importance of oxygen to 
the aerobic-dependent life forms.   

I believe that this can be interpreted to mean that it is oxygen, itself or EMODs, 
which holds the release of pain neurotransmitters in abeyance, just as we have seen 
that it is EMODs which hold cancer and atherosclerosis in abeyance. 
 
Over 300 molecular species have been recognized to be involved in 
neurotransmission. Oxygen deficit “allows” the release of substance P. Specifically, 
the carotid bodies contain SP — in concentrations ranging from 1.4 to 1.6 ng/mg 
protein — that is released in response to tissue hypoxia. The amount of SP released 
from the carotid bodies increases in proportion to the severity of hypoxia. The 
release of SP by hypoxia is a calcium-dependent process, and is primarily mediated 
by N- and L-type Ca2+ channels.  
 
Not unexpectedly in light of the oxygen/SP dynamics, oxyradicals under certain 
conditions also trigger the release of substance P. By contrast, antioxidants, such as 
ascorbic acid, inhibit the release of SP. However, the relationships between 
antioxidants and SP are complex. Hence, capsaicin increases regional perfusion and 
oxygen delivery, inhibiting the release of SP. On the other hand, nitric oxide, 
through its vasodilator role, improves oxygen transport, decreases the release of SP, 
and mitigates some pain syndromes.  
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An interesting aspect of the oxygen/substance P dynamics is revealed by the case of the 
East African naked mole-rats (Heterocephalus glaber). This rat species lacks 
substance P and does not appear to suffer pain when tormented. The rats feel no 
immediate pain when cut, scraped or subjected to heat stimuli. They only feel some 
aches. However, when the rats get a shot of SP, pain signaling resumes working as in 
other mammals. Direct oxygen therapies, such as oxygen by mask and hyperbaric 
oxygen, have been successfully used in controlling headaches and migraine attacks.  

This may at last help explain the generalized pain and multiple pain sites experienced by 
the elderly.  They hurt because of hypoxia and their bodies have a way of telling them 
so. 

Anginal chest pain is relieved or mitigated by the administration of oxygen, as are 
attacks of headache and migraine.   
 
If hypertension aids in getting oxygen into organs and tissue, I believe that it is 
conceivable that antihypertensive drugs help create EMOD deficiency states in 
various tissues and organs.  I believe that this may be manifested by the appearance 
of cancer, arthritis, increased pain perception, diabetes, cataracts, etc. A cursory 
examination of the literature reveals that this may not be such a far fetched idea. 
 
Three retrospective studies indicated a possible association between the use of 
reserpine, the antihypertensive drug of first choice in those days, and breast cancer. 
authors found that both systolic and diastolic blood pressures were significantly 
associated with subsequent mortality from cancer of the lung, colon and all other 
sites combined, even after adjustment for age, cholesterol and smoking. A careful 
examination of the possibility that antihypertensive medication (in particular 
reserpine) was responsible for the excess mortality indicated no evidence that this 
was the case.  
 
It has been suggested that some classes of antihypertensive agents may be 
carcinogenic and be associated with increased cancer risk, particularly renal cancer. 
The reported association between diuretic use and renal cell carcinoma remains 
problematic. The possibility that the increased risk of mortality from lung cancer 
was attributable in part to some kind of antihypertensive medication cannot be 
excluded. A recent prospective study revealed an inverse relationship between 
cancer and blood pressure in the first 5 years of follow-up. Adrenocorticotropic 
hormone production leading to blood pressure elevation can be found in cancer of 
the lung, pancreas, thyroid and ovary, and in neuroblastomas. Similarly, an 
elevation of adrenocortical hormones has been observed in the blood of patients who 
had cancer at a variety of sites. 
 
 
One can readily see that the Free Radi-Crap Theory lacks predictability and is 
basically a meaningless approach.  Observations and predictions are neither logical 
nor predictable.  Patients treated with antioxidants should decrease the incidence 
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and increase protection against cancer, arteriosclerosis and cataracts.  This does not 
happen and there are strong indicators that harm may be done by ingestion of these 
same antioxidants.  Investigators are going to have to deal with the fact that the Free 
Radi-Crap Theory is wrong and they need to stop trying to force the data to fit this 
flawed theory.  
 
Scientific studies are used to determine if a theory is valid or invalid.  The Free 
Radi-Crap theory has been proven to be invalid. 
 
 Unless the Free Radi-Crap theory can explain the inconsistencies and failures of 
antioxidant supplements, in the prevention or cure of aging and diseases 
attributable to oxygen free radicals, the theory is dead. 
 
EMODs are accused of being involved in the decline of the endocrine organs. 
Aging cells become more and more resistant to the effects of hormones. The 
physiological changes associated with aging represent a pattern which is the same 
for all individuals, although rates of aging differ among differing individuals, ethnicities 
or even between different organs or tissues.   
 
It is estimated that 20-40% of neurons are lost during aging and blood flow to the 
brain decreases causing a decline in cerebral function.  Iron deficiency would 
decrease the opportunity for the Fenton reaction to occur. 

There is no evidence that taking any currently available antioxidant compounds has 
any beneficial affect on the rate of human aging. In fact, recent research suggests that 
Coenzyme Q, often sold as a dietary supplement with antioxidant properties, might 
actually accelerate aging in model organisms (see above ref. Larsen and Clarke, 2002).  
I repeat, in these studies CoQ actually shortened lifespans, even though it is sold as 
an antioxidant agent to extend lifespans. 

There is a recurring disease triad of arteriosclerosis, obesity and diabetes (perhaps 
also cancer). A study in the Jan. 12, 2005 issue of JAMA of more than 1 million South 
Koreans suggests diabetes can raise the risk of developing and dying from several types 
of cancer, including digestive-tract tumors.  Diabetes is often linked to obesity, and 
obesity is known to increase the risk of cancer.  The highest risks for developing and 
dying from it were found in people with the highest blood sugar levels.  The study 
included 1.29 million South Koreans, who were followed for 10 years, and participants 
with diabetes were roughly 30% more likely than those without to develop and die 
from cancer.  This is another example of “one good free radical deficiency disease 
deserves another.”  I believe that diabetes is tied to the low levels or free radical 
deficiency states, which are seen in aging, obesity and cancer.  For this reason, 
exercise, which I believe is equivalent to a dose of EMODs, helps to prevent, 
improve or somewhat control all of these conditions.  The diabetic patients had less 
oxygen than the non-diabetics.  
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I believe that the important factors here is the fact that diabetics have lower levels of 
oxygen getting to their tissue and cells, due to small arteriolar disease, and they 
thus, allow the manifestation of cancer, arteriosclerosis and cataracts. 

Triglycerides slow blood flow in the smaller arteries and arterioles by making the 
blood thicker and stickier. 
 

 

 

 

All diabetics suffer from poor circulation.  Normally, the lens of the eye contains very 
little oxygen.  Diabetics get even less O2 to the eye and thus, less EMODs and more 
cataracts.  Diabetes is a slow, progressive disease of decreasing oxygen levels, with 
consequent decreasing levels of EMODs, which is associated with increasing 
“allowance” or manifestation of certain diseases. 

Diabetes is believed to damage the microcirculation’s capillaries and thicken the 
basement membrane and thus, decreases the vessels ability to carry blood and oxygen to 
the tissues.  This results in increased risks of infection and decreased healing capability.  I 
believe that this is a cardinal feature of diabetes, which relates to decreased O2 being 
delivered to the tissue, decreased O2 intracellularly and decreased levels of EMODs. 

I believe that the course, which results in the development, begins with decreased 
circulation, decreased O2 delivery to the tissues and cells, decreased production of 
EMODs and manifestation of various diseases, such as arteriosclerosis, cataracts, 
diabetes, obesity, cancer, etc. 
 
It is said that with all diabetes drugs, there is no proof that they reduce the 
complications of diabetes or prolongs life span.  I point out to you that diabetes 
progresses and continues to produce its complications, even while currently 
accepted methods of treatment are being administered.  I believe that this is because 
we do not presently understand the true mechanism of diabetes causation and our 
medications are aimed at the incorrect biochemical site, to effectuate the desired 
clinical course and stoppage of diabetes progression. 
 
A high fat diet (an atherogenic diet) can decrease macrophages responsiveness to 
stimulatory agents, including tumor cell lysis, and decrease their ability to generate 
EMODs production.  According to this, based on the Free Radi-Crap theory, a high fat 
diet should be a good thing, but apparently, it is not.   
 
I believe that exercise clearly increases EMODs production and that the activated 
neutrophils help to clear up the associated damaged and cellular debris 
(detoxification).  The increased EMODs also have the salutary effect of maintaining 
the redox status of the body and performing its prooxidant protective functions.  
Thus, even in the presence of the alleged damaging EMODs, exercise is good for us.   

I believe that we should consider exercise to be a medicine and that each episode of 
exercise is equivalent to a substantial dose of EMODs, the size of which is dependent 
upon the amount of exercise performed. I believe that exercise increases oxidant 
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load, which correspondingly offers prooxidant protection to the vasculature. This is, 
in part, accomplished through the activity of SOD and H2O2 production. 
 
Oxygen consumption increases up to 20 times greater with exercise than the resting 
level, resulting in an elevated flow of oxygen through the mitochondrial electron-
transport chain. 
 
The level of protein oxidation dramatically increases in mitochondria isolated from 
animals subjected to an acute bout of exercise. Exercise is a physiologically relevant 
source of oxidative stress.  Yet, I observe that it is good for our overall health and 
well being.  Further, I believe that it is because of the increased levels of EMODs 
that it has a salutary effect. 
 
Evidence from both animal and human studies indicates that exercise may reduce the 
risk of breast cancer.  Among eleven human studies that took into account many of 
the established risk factors for breast cancer, eight reported a decrease in the risk of 
breast cancer in pre-menopausal, post-menopausal or all women with high levels of 
physical activity compared to women with low levels of activity. 

I find it extremely interesting that the 3 big antioxidant enzymes, i.e., SOD, CAT 
and GPx, generate H2O2, O2 and organic peroxides, respectively.  Thus, I ask, “Does 
that sound like ANTI-oxidants?” I believe that an argument could be made that they 
are producing conditions favorable for oxidation or they are acting as “co-
oxidants.” 

Proteins can also inhibit lipid oxidation by acting as free radical scavengers and 
metal chelators. 
 
Phenolics inhibit lipid oxidation by scavenging free radicals resulting in the 
formation of a low energy phenolic radical whose energy is insufficient to promote 
lipid oxidation at biologically significant rates. 
 
 
Vitamin C reacts with ferric iron, oxidized iron, to form ferrous iron, reduced iron. 
Ferrous iron reacts with hydrogen peroxide to form a hydroxyl radical, a potent 
oxidant and free radical.  In this manner, vitamin C is considered to be a 
prooxidant.   
 

When the iron is oxidized to the ferric state, it opens it up so that it is more easily 
expressed (i.e., transcribed into RNA and then into proteins).  In its activated state, 
the ferrous iron-DNA complex can react with vitamin C and hydrogen peroxide to 
produce a hydroxyl radical which can (and apparently often does) attack the DNA at 
the iron-binding site.  I point out to you that this is still a controversial area and some 
say that the DNA-bound iron is non-reactive. 
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Many of the diseases treated with interferon have been postulated to have been 
caused by excessive levels of EMODs and yet, they have been treated, with varying 
degrees of success, with interferon, an immune 
cytokine known to increase EMOD levels. 
 
 
Ridiculous/Laughable Names for Oxygen Free Radicals Appearing in 
the Literature: 
Free radicals are cellular renegades. 
 
A free radical is a damaged molecule – it's missing an electron. The free-radical 
molecule "wants" its full complement of electrons. 
 
Vitamin E is the “anti-rust” molecule. 
 
Free radicals are the “great white sharks” of the cytoplasm. 
 
Free radicals are the “chemical assassins” of the cell. 
 
Free radicals represent oxygen’s “dark side.” 
 
Glutathione has been described as “the foot soldier in the battle against free radicals and 
toxins”. If so, then selenium is the supply line. 
 
Antioxidants are the body’s rust proofers. 
 
Free radicals are in our analogy “terrorists' bullets.” 
 
Antioxidants have the ability to "mop up" the harmful free radicals. 
 
These radical oxygen molecules bounce around cells and tissue stealing electrons from 
healthy molecules causing damage and creating more free radicals in the process. 
 
Aging is the result of the slow and insidious work of “these little enemies” (ROS). 
 
The nasty thing about these nasties is that that these ROS are far more powerful and 
aggressive (promiscuous) oxidizers of poor innocent bio-molecules than were the 
original oxygen  
 
“the horny promiscuous ROS molecules” 
 
“those darned F---- ing electrons!” 
 
Free radicals are oxidative coals that curdle the blood, and initiate and perpetuate AA 
oxidopathy. 
 

Page 853 of 931 



In your body, if an electron is removed from an atom, it is like an atom bomb going off; 
that is a free radical. 
 
Oxidative Stress: The Curse That Underlies Cerebral Vascular Dysfunction 
 
ROS are usually considered to be the universal pathogens. 
 
Breast tumors are frequently infiltrated by large numbers of macrophages. Tumor-
associated macrophages have been shown to deliver a sublethal oxidative stress to 
murine mammary tumor cells. This is exactly as I have said, “If the body could 
generate more of an oxidative assault, it could kill the cancer.” 
 
The chemotherapeutic agents doxorubicin, mitomycin C, etoposide and cisplatin are 
superoxide generating agents.  
 
Radiotherapy and photodynamic therapy generate oxygen radicals within the 
carcinoma cell.  
 
The anti-estrogen tamoxifen, increasingly used alongside other breast cancer 
therapies, has also been shown to induce oxidative stress within carcinoma cells in 
vitro. 
Sublethal oxidative stress promotes cell proliferation in vitro, with both superoxide 
and hydrogen peroxide stimulating growth. Proliferation in response to hydrogen 
peroxide may be due to the activation of mitogen-activated protein kinases 
(MAPKs). HeLa cells treated with hydrogen peroxide undergo a sustained 
activation of all three MAPK pathways: extracellular signal related protein kinase; 
c-Jun amino-terminal kinase/stress-activated protein kinase; and p38. 
 
Tumor cell lines in vitro are extremely resistant to cytolysis by hydrogen peroxide 
 

There is the possibility of increased risk of breast cancer in women taking folic acid 
supplements throughout pregnancy. The researchers followed up 2,928 pregnant 
women who had taken part in a supplemental trial in the 1960s.  The risk of death from 
breast cancer was much higher in women who had received high doses of the 
supplement than in those who had been given a placebo. This is another glaring 
example of the contradictory and dangerous nature of the vitamin studies. 

H2O2 is not a Mutagen but it is rather an Epigenetic Toxicant. 
 
At least 127 genes and signal transducing proteins have been reported to be sensitive 
to reductive and oxidative (redox) states in the cell 
 
Under hyperoxia conditions, mitochondrial EMODs generation increases as a linear 
function of the oxygen tension. 
 

 
Inflammation and Oxygen Modifications (EMODs) 
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The inflammatory reaction is phylogenetically and ontogenetically the oldest defense 
mechanism. A wide variety of interconnected cellular and humoral (soluble) 
mechanisms are activated when tissue damage and infection occur. On the other 
hand if the injury is negligible, the body must have mechanisms which are able to 
stop the tissue damage when the injury agent was removed.  

Scientists and medical practitioners have proposed over 300 theories purported to 
explain the aging phenomenon. 
 
Endothelial cells form the inner lining of arterial blood vessels and amount to ~1.5 
kg, covering an area of approximately 4 tennis courts. under normal conditions, 
intact endothelial cells protect one from the development of atherogenesis.   
 
Curiously, in humans, the coronary arterioles do not develop atherosclerosis even if 
the epicardial arteries are affected.  Also, certain arteries such as the internal 
mammary artery and the radial artery rarely develop atherosclerosis even up to 
high age. 
 
The concentration of free transition metals in vivo is negligible, and there is little 
convincing evidence that they are important in LDL oxidation in the vessel wall.   
 
There is no evidence that singlet oxygen plays a significant role in cardiovascular 
disease.  Consistent with this, there is no evidence from controlled studies that 
carotenoid supplement reduces the risk of CVD. 
 
Peroxiredoxin-3 (Prdx3) 
 
Peroxiredoxin-3 is a mitochondrial member of the antioxidant family of thioredoxin 
peroxidases that uses mitochondrial thioredoxin-2 (Trx2) as a source of reducing 
equivalents to scavenge hydrogen peroxide.   
 

 
Over expression of a peroxiredoxin in HeLa cells inhibited both the NF-kB activation 

Prdx expression is increased in several human cancers.  Prdx1 levels are increased 
relative to normal tissue in oral cancer, in follicular but not papillary thyroid 
cancer, in breast cancer, and in lung cancer.  Prdxs2 and 3 are increased in breast 
cancer while increased expression of all Prdxs is found in mesothelioma (Nonn, D.).  
These same investigators have found that Prdx3 overexpression alters the mitochondrial 
membrane potential, reduces endogenous cellular H2O2 levels and causes growth 
retardation.  Prdx3 is over expressed in some human cancers where it may protect the 
growing tumor against hypoxia-induced apoptosis due to increased H2O2 production.  
Again, this is strong support for my theories expressed in UTOPIA that peroxide has a 
tumoricidal effect and that antioxidants protect tumors.  This increase in the 
antioxidant, Prdx or overexpression of Prdx in cancers, would effectuate deficiency 
levels of RONS/excytomers or EMODs and result in the manifestation of overt 
cancer….and it does. 
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and apoptosis elicited by H2O2 or TNF-α (Kang S.W., et al. (1998) Mammalian 
peroxiredoxin isoforms can reduce hydrogen peroxide generated in response to growth 
factors and tumor necrosis factor-alpha.  J. Biol. Chem.  273:  6297-6302).   This means 
that the H2O2 was necessary for the cancer cells to die and is direct support for my 
UTOPIA theories. 

Increases in malaria are associated with decreases in cancer, autoimmune diseases 
and dementia.   

Alzheimer’s disease, Huntington’s and ALS 

 
Alzheimer’s Disease 

A correlation between anemia and risk of Alzheimer disease was first identified by 
Beard et al. 

DNA oxidation, protein oxidation, and lipid peroxidation have been reported in regions 
containing neurofibrillary tangles and senile plaques of brains from AD patients. As an 
apparent compensatory response, increased levels of catalase, glutathione peroxidase, 
and glutathione reductase were observed in the hippocampus and inferior parietal 
lobe of brains of patients with AD. However, I can argue that the presence of high 
levels of antioxidant enzymes sets the stage for RONS/excytomer or EMODs 
deficiency states, which “allow” the plaque and tangle changes to occur.  
Biochemical assays for salicylate hydroxylation using β-amyloid (Aβ) fragments, the 
primary constituent of senile plaques, suggest that these peptides can generate free 
radicals that may underlie some of the molecular alterations observed in AD brains. In 
agreement, increases in Aβ deposition resulted in the induction of oxidative stress in 
transgenic mice overexpressing the mutant amyloid precursor protein and presenilin 1, 
two proteins implicated in the progression of AD. These results suggest that Aβ may 
be involved in free radical generation. However, other studies suggest that Aβ may 
be a cellular response to oxidative stress or an antioxidant and implicate other 
processes as primary in generating free radical damage.  In other words, it is not 
known if EMODs are in any way causative of AD. 

High levels of EMODs and low levels of antioxidant enzymes are the normal 
conditions in the brain from early age through adulthood and should result in early 
onset of Alzheimer’s disease or other neurodegenerative diseases (Huntington’s, 
ALS and prion disorders), but it does not.  The two factors of high levels of EMODs 
and low levels of antioxidant enzymes argues that the brain should be dramatically 
effected, in a damaging and harmful way, in all individuals;  However, that is not 
the case and many, if not most, individuals live to old ages, while still free of any of 
the above neurological diseases.  In my opinion, this clears EMODs of the harmful 
effects of the doom and gloom crowd.  Furthermore, these are post-mitotic cells. 

I took a hard look at the three major antioxidant enzymes in the body, e.g., SOD, 
CAT and GSH-Px and none of them are attacking the powerful oxidants within our 
cells (e.g., the hydroxyl radical, peroxynitrite, hypochlorous acid or singlet oxygen).  
CAT, SOD and GSH-Px are only dealing with the weaker oxidants from 

Page 856 of 931 



metabolism. Thus, I ask, “Why has the body failed to evolve a single antioxidant 
enzymatic system to deal with these most powerful oxidants?”  I believe that it could 
be that our bodies need the EMOD-SS oxidative capacity to deal with pathogens and 
disease. 

H2O2 

It is well known that hydrogen peroxide is a non-charged molecule, which has free 
diffusability through the cellular interior, including the nuclear compartment.  I ask, 
“How could mother nature have allowed the development of such to happen, if hydrogen 
peroxide is as potentially dangerous as some have claimed?”  Hydrogen peroxide has 
free range to constantly travel throughout the cytoplasm and the nucleus, thus, 
encountering the most important molecular families within the cell, e.g., amino 
acids, nucleic acids, proteins, carbohydrates, lipids, and oligoelements.  I do not 
believe that Darwinian evolution would allow for a harmful reagent to have such access 
and exposure to vital cellular components and thus, I must conclude that hydrogen 
peroxide is not a normally harmful in vivo substance.   
 
Furthermore, discussions referring to superoxide dismutase as one of the most important 
antioxidant enzymes in the body, because it dismutates superoxide anion into hydrogen 
peroxide, are without a logical basis.  Actually, hydrogen peroxide has more oxidant 
character than does superoxide anion. Ergo, how does going to a more potent oxidant 
make SOD an antioxidant?  It is clear that all antioxidants can serve as oxidants and 
that many oxidants can serve as reductants, depending upon the activities of the 
respective compounds or molecules to which they are exposed. 
 
In fact, to refer to cellular antioxidants or oxidants, without knowing the one 
electron reduction potential of the respective individual components, is meaningless.   
 
H2O2 is a small, diffusible and ubiquitous molecule that can be synthesized, as well 
as destroyed, rapidly in response to external stimuli and it fulfills the prerequisites 
for an intracellular messenger.  This opposes the widely held belief that RONS serve 
only as harmful agents in the cell. 
 

H2O2  May be a Weak Mutagen 

H2O2 may act as a “genotoxicant” or “epigenetic” agent in its role as a promoting agent. 
However, although it can cause DNA damage, peroxide is at best a very weak mutagen 
in mammalian cells (Takeuchi, T., Matsugo, S. and Morimoto, K. (1997) Mutagenicity 
of oxidative DNA damage in Chinese hamster V79 cells.  Carcinogenesis, 18, 2051-
2055).   This is in contrast to the work of others who state that O2

.- and H2O2 do not 
react with DNA bases at all (Dizdaroglu, M. (1993) In DNA and Free Radicals 
(Halliwell, B., and Aruoma, O.I. eds.), pp. 19-39, Ellis Horwood, Chichester.) OH. 
generates a variety of products from all four DNA bases and this pattern is used as a 
diagnostic “fingerprint” of OH. attack (Halliwell, B. and Aruoma, O.I. (1991) FEBS 
Lett. 281, 9-19).  Singlet oxygen selectively attacks guanine to produce the 8-
hydroxyguanine (8-OHG), which is also used as an index of oxidative damage to DNA 
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and it can be measured as the nucleoside, 8-hydroxydeoxyguanosine (8-OHdG).   
 

Increased CAT and GSH-Px Increase Cancer Rate 
 
The results show that (1) the increased liver antioxidant capacity of CAT and Gpx in 
male mice might be a sign of oxidative stress; (2) the increase in CAT and Gpx 
activities in male mice is strongly correlated with incidence of hepatic tumors; (3) 
the significantly increased SOD activity in tumor-bearing mice might have induced 
damage with accumulated hydrogen peroxide. (Sverko V). This important study 
shows that increased cancer is “strongly” associated with increased antioxidant 
enzymes (CAT and GSH-Px) and since both of these breakdown H2O2, I interpret 
this to mean that this caused a decreased level of EMODs and thus, “allowed” the 
manifestation of cancer.  The presence of the antioxidant enzymes wiped out the 
body’s prooxidant protection and created a deficiency state of EMODs. 

Expired Breath Condensates 

H2O2 is poorly reactive in the absence of transition metal ions and exposure to 
certain human tissues to H2O2 may be greater than is commonly supposed.    

 

It is believed that cigarette smoking causes an increase in levels of free radicals and 
reactive oxygen species, and that oxidative status may be monitored by analysis of EBC 
markers. 8-isoprostane, a prostaglandin F2  isomer that is formed by free radical lipid 
peroxidation of arachidonic acid, may be a quantitative marker of in vivo oxidative stress 
in the airways of smokers. The present report shows that levels of 8-isoprostane and 
H2O2

 cannot be reproducibly assessed in EBC from healthy smokers because of their 
low concentration and/or the lack of sensitivity of the available assay methods.  
Perhaps it is because there is no peroxide there to measure.  Although the present 
study contradicts published studies regarding the levels of 8-isoprostane and H2O2 
in EBC, the present authors are confident that every effort was made to avoid error 
during all phases of the study. 

Bilirubin is an efficient scavenger of reactive oxygen species, especially singlet oxygen.   
I believe that this raises some interesting points.   Thus, I ask, “Why do high levels of 
bilirubin (this purported natural potent antioxidant) cause brain damage in high 
concentrations?  The Free Radi- Crap theory would predict that it would have great 
beneficial effects in a hostile oxidizing organ such as the brain; instead, the 
antioxidant bilirubin can cause permanent brain damage!  I believe that this is a 
natural experiment which shows the need for EMODs in normal brain function and 
the dangers of antioxidants. 

Catalase is the major enzyme involved in removing H2O2 and is preset in low 
concentrations in the respiratory tract. I believe that this is another example, in 
which, an area of the body which is constantly exposed to extremely high levels of 
EMODs, has low levels of catalase.  This does not make teleological sense that such 
would be the occurrence, if EMODs are so harmful. Thus, again I ask, “How toxic 
are EMODs?”   
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nDNA is protected by histone proteins and various repair enzymes, which minimizes 
damage to nDNA from free radicals/oxidants.  mtDNA has no histone protection or 
significant enzymes repair systems to offer free radical protection.  The 
mitochondrion is considered to be one of the most active sites in the cell for the 
generation of RONS.  I ask, “How is it that the mitochondrial DNA could have evolved 
without protection against oxygen free radicals, if they are so harmful.  Thus, how toxic 
are EMODs? 

 

 
One good RONS (EMODs) deficiency disease deserves another.  I believe that the 
decreasing levels of EMODs are associated with the overall decline that we see in the 
aging process, which results in decreased O2 intake, O2 utilization, lowered EMODs 
and allowance of arteriosclerosis, diabetes, cancer, cataracts, etc.   

In summary, I can say that in the three areas of high RONS or BEMOD generation 
of the body (e.g., brain, heart and the lungs), we normally have low levels of 
antioxidant enzymes.  Additionally, we do not synthesize any of the low molecular 
weight antioxidants and we must get them by the dietary route.  Thus, I ask, “How 
toxic are EMODs?”  How could the evolutionary process make such glaring errors and 
egregious mistakes in not protecting humans as equally well as much lower 
phylogenetically species?  These observations lead me to believe that EMODs are not 
nearly as toxic as they have been implied to be.  In fact, I believe that they are 
naturally beneficial to health. 

Increased levels of free fatty acids, including linoleic and arachidonic acids, have been 
measured in exhaled condensate and sweat in children and in adults with acute pneumonia 
and lung edema. In contrast, the level of lipid peroxidation in patients with cancer was 
significantly reduced compare with that in healthy control subjects (Khyshiktyev). 
 
All antibodies go through a singlet oxygen and ozone step. 
 
Diabetes also leads to decreased immunity and increased risk of infections or other 
diseases associated with deficiency levels of RONS/excytomers, such as 
arteriosclerosis, cancer, etc.  

 
Another example of the “clustering effect” of certain diseases occurs in Werner’s 
syndrome.  This is another example of “one good free radical deficiency disease 
deserves another.”  Werner’s syndrome (WS), a rare familial disease with symptoms 
resembling premature aging, is considered a partial model of human aging.  People with 
WS develop a vast array of age-related diseases including arteriosclerosis, 
malignant neoplasms, cancer, type II diabetes mellitus, ocular cataracts and 
osteoporosis in early adult life. I believe that this implies a common etiologic factor 
for these varied diseases and that that factor involves EMODs deficiency levels.  
These individuals have a generally aged appearance including early graying, loss of hair, 
and skin wrinkling.   
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Patients with endometriosis and their families have a greater risk of breast cancer, 
melanoma, ovarian cancer and non-Hodgkin’s lymphoma.   
 
Patients with the hereditary form of retinoblastoma have a 30% lifetime risk of 
developing some other type of cancer at any age.  The risk rises to 50% if the child 
receives external beam radiation therapy.    
 
Cataracts 
 
Risk factors for cataracts are advancing age, race (African Americans), gender 
(women have more cataracts than men), a family history, previous eye injury, 
inflammation, surgery, prolonged steroid use, smoking, diabetes and excessive 
exposure to sunlight.  Cortical cataracts are more frequent in diabetics, the obese and 
those on steroids.  This was my first indication that cataracts were due to deficiency 
levels of EMODs.  Congenital cataracts occur in children who have other diseases 
such as diabetes or Down’s syndrome.   
 
If recognized in time the sugar cataract (galactosemia) will disappear and the baby’s 
health will return to normal.  I believe that this is another example of spontaneous 
regression, which in this case involves cataracts.  It appears to me that the body 
must have a system in place which is constantly preventing cataracts by not allowing 
them to form or which is breaking down small ones as they form.  When the 
RONS/excytomer levels become deficient, then cataracts will be allowed to manifest 
themselves or to physically form.  When conditions are such that normal levels of 
RONS are re-established, then the cataracts are prevented from forming. 
 
Leukemia incidence in RA patients is higher than expected. 
 
I believe that if you analyze the contents of that breath of life, you will find that it is 
because of the presence of its 21% oxygen content, which makes it is the breath of 
life.  I quote, “And the Lord God formed man of the dust of the ground, and 
breathed into his nostrils the breath of life; and man became a living soul.  Genesis 
2:7.” 
 
Aerobic exercises are based on oxygen metabolism to aid the immune system, 
improve overall health and disease prevention.  The importance of oxygen could not 
be more readily apparent.  It is the essential sustaining and driving force for all 
aerobic cellular metabolism.   
 
The US Olympic Training Committee states that, “20 minutes a day of deep breathing 
exercises clearly, dramatically escalates athletic performance and is the single most 
important factor in the effectiveness of all exercise.”  
 
Stephen Levine, a respected molecular biologist and geneticist, and Dr. Paris M. Kidd, 
Ph.D., state in Antioxidant Adaptation that, “Oxygen plays a pivotal role in the proper 
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functioning of the immune system.  We can look at oxygen deficiency as single greatest 
cause of all diseases.”  Basically, I agree but submit that it is the reactive species 
(RONS) (EMODs), which are subsequently generated, which are the most important 
factors in disease causation.  Ground state oxygen is not reactive enough to 
participate in the complex biochemical reactions to maintain homeostasis and 
sustain health. 
 
The only thing which stands between us and constant or perpetual infections or 
manifestations of neoplasia, is our ability to generate oxidative events in the form of 
RONS/excytomers (EMODs).  Others interpret our protection to be the immune system, 
but it all boils down to the ability of the immune system to inactivate bacteria, viruses, 
fungi, parasites and neoplastic cells.  It does so by effectuating a deadly oxidative 
assault (DOA). 
   
If chronic inflammation is causative of cancer, as is argued by the followers of the 
Free Radical theory of oxidative stress and aging, then steroids, which inhibit 
inflammation, should reduce cancer rates or prevent cancer formation.  In actuality, 
just the opposite happens, in that steroids cause patients to develop infections and 
tumors more frequently than normal and cessation of the steroid intake, can stop 
the infections and cause spontaneous remission of cancer. Further, it is well known 
that photodynamic therapy, which generates large amounts of singlet oxygen and 
the Howes Singlet Oxygen Cancer Therapy system do, in fact, kill selectively 
cancerous growths. 
 
Basically, I am saying that we have an epidemic of cancer and heart disease and an 
epidemic of ingestion of aspirin and NSAIDS.  In short, NSAIDS have not stopped 
the increasing rates of cancer and atherosclerosis.  To add to the confusion, analysis of 
data from a large study has surprisingly suggested that the extended use of aspirin may 
raise the risk of pancreatic cancer among women (Nurses Health Study).  Thus, the 
role of ASA is not clear, in that it can appear to reduce certain cancers and it appears to 
induce certain cancers.   This is typical of studies involving inhibition of RONS 
(EMODs) or the use of antioxidants. 
 
A fatty acid made by the cyclooxygenase-2, or COX-2, enzyme protects female mice 
from hardening of the arteries.  Shutting down COX-2 long term may actually kick-
start the process, known as atherosclerosis, said Fitzgerald. 
 
All layers of the arterial wall are capable of and are constantly producing 
RONS/excytomers.  I believe that this normal steady state of EMODs production keeps 
arteriosclerotic buildup from occurring.  This is analogous to the increased levels of 
EMODs produced by PDT, which can dissolve clots in situ.  As long as the body is 
producing adequate EMODs levels by the arterial wall, clots will be dissolved and 
oxidized cholesterol particulates will not aggregate.  A deficiency state of RONS 
(EMODs) will allow for plaque formation. 
There is a reversibility of arteriosclerosis which has been seen in smokers, after they 
stop smoking.   
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Atherosclerotic plaque is actually a benign tumor, an atheroma, somewhat analogous 
to cancer.  Although it does not metastasize, it kills by occlusion.  Atheroma may regress 
with time, just as with spontaneous regression of cancer.  I believe that this is a most 
important concept to keep in mind.  It ties together my Unified Theory’s approach 
to etiology and treatment of cancer and atherosclerosis. 
 
My review of the literature revealed that spontaneous regression is also seen in 
arteriosclerosis, cataract formation, a wide range of cancers, HIV/AIDS, arthritis, 
etc.  I believe that this argues that the body has a system of oxidative-cure (NOHB) 
which maintains homeostasis and good health.  The fact that cancers, cataracts, and 
arthritic changes can correct proves my point.  Without such a system, the body could not 
correct itself.  Just as the body has the fibrinolytic system which keeps blood from 
clotting intravascularly, at all times, the body also has oxidative systems which keep 
cancer from growing, plaques from forming and cataracts from coalescing and 
viruses from expressing themselves. 
 

 

 

 

Artemisinin (Antimalarial) and Reactive Oxygen Species 

Experiments to determine artemisinin’s anti-malarial mechanism of action led to tests as 
an anti-cancer drug.  The key turned out to be a shared characteristic of the malaria 
parasite and dividing cancer cells:  high iron concentrations.  When artemisinin, or 
any of its derivatives, comes into contact with iron, a chemical reaction ensues, spawning 
free radicals, which attack and bind with cell membranes, breaking them apart and 
killing the single-cell parasite.  Cancer cells have much higher levels of iron than do 
normal cells.  The surface of cancer cells has 5-15 times more transferrin receptors 
than healthy cells.  Henry Lai, from the University of Washington, increased the iron-
holotransferrin-transferrin levels of breast cancer cells and treated them with 
artemisinin and found a dramatic effect, especially in breast cancer cells that were 
resistant to radiation.   
 
The Free Radi-Crap theory suggests that patients with iron overload should be 
symptomatic of all of the diseases attributed to high RONS levels, but out of 410 
patients, 27% with iron overload, had no symptoms whatsoever.  Vitamin C 
supplements have been shown to decrease the risk of diabetes, cancer and cataracts. 

Iron overload has also been implicated in the sequelae of atherosclerosis, although the 
data are conflicting and inconsistent, and individuals with iron overload do not 
suffer from premature atherosclerosis (Kiechl, S.) I believe that this is a most 
important observation, e.g., “individuals with iron overload do not suffer from 
premature atherosclerosis.” In my opinion, this discounts the paranoia of iron, 
H2O2, and the Fenton reaction, even with iron overload! 

Intake of large amounts of vitamin C can deplete the body of copper, an essential 
nutrient (Sandstead HH. Copper bioavailability and requirements. Am J Clin Nutr 

Page 862 of 931 

http://www.kroger.com/hn/Supp/Copper.htm


1982;35:809–14 [review]) (Finley EB, Cerklewski FL. Influence of ascorbic acid 
supplementation on copper status in young adult men. Am J Clin Nutr 1983;37:553–6). 

People should be sure to maintain adequate copper intake at higher intakes of vitamin C. 
Copper is found in many multivitamin-mineral supplements. Vitamin C increases the 
absorption of iron and should be avoided by people with iron overload diseases (e.g., 
hemochromatosis, hemosiderosis). Vitamin C helps recycle the antioxidant, vitamin E. 

Thickness of carotid artery walls is an indicator of progression of atherosclerosis. A 
preliminary study found that people who took 500 mg per day of vitamin C 
supplements for one year had a greater increase in wall thickness of the carotid 
arteries (vessels in the neck that supply blood to the brain) than those who did not 
take vitamin C (Dwyer J, Nicholson LM, Shircore A, et al. Vitamin C intake and 
progression of carotid atherosclerosis. The Los Angeles Atherosclerosis Study. 
American Heart Association Annual Meeting. March 2, 2000 [abstract]. Currently, no 
evidence supports a cause-and-effect relationship for the outcome reported in this study. 
The vast preponderance of research suggests either a protective or therapeutic 
effect of vitamin C for heart disease, or no effect at all.  The varied conclusions of 
these studies make interpretation of the data very difficult. 

Oxygen Toxicity and Antioxidants  
Man does not synthesize the many antioxidants that are available to the plant world, 
such as the carotenoids, tocopherols, polyphenolics, vitamin C, lycopenes, and the 
flavonoids.  I ask, “Why not?” 
 

Superoxide and hydrogen peroxide can react together directly to produce the hydroxyl 
radical, known as the Haber-Weiss reaction, but the rate constant for this reaction in 
aqueous solution is virtually zero. 

Harman and Ames believe that the primary energy source of the body, oxygen, is 
responsible for over 100 diseases (some authors are now saying 200 diseases) and for 
aging.  In my opinion, this is analogous to saying that the gasoline, being burned by a 
vehicle is responsible for cracked windshields, worn tires, broken belts, dents in the 
body and crashes which total out the vehicle.  Both man and the automobile engine are 
internal combustion engines.  Man uses oxygen and glucose as fuel to produce energy 
and the automobile uses oxygen and gasoline for the same purpose.  Although it may be 
true that many of these things would not happen, if the vehicle had no power source but 
unfortunately, it would also preclude the primary purpose and function of the vehicle, 
which is transportation.  Obviously, without oxygen, man would not develop diseases 

The “essential poison” paradox is not limited to oxygen but also includes glucose 
and iron.  I do not believe that any of them are “poisons.” 

I believe that under normal conditions there is a minimal possibility for the Fenton 
reaction to occur, let alone cause disease.  It is more so an event which occurs after 
disease has appeared and is a result of disease and not a cause. 

Page 863 of 931 

http://www.kroger.com/hn/Supp/Multi_Vitamin.htm
http://www.kroger.com/hn/Supp/Iron.htm
http://www.kroger.com/hn/Supp/Antioxidants.htm
http://www.kroger.com/hn/Supp/Vitamin_E.htm
http://www.kroger.com/hn/Concern/Atherosclerosis.htm
http://www.kroger.com/hn/Concern/Cardiovascular_Disease.htm


or age but unfortunately, he would be dead.  They say that oxygen can react with 
proteins, lipids and nucleic acids.  Similarly, it is like saying that gasoline can react with 
rubber, metal, oil, paint, and fabric and have damaging consequences, but under normal 
circumstances, that does not happen because gasoline is confined to specific areas (gas 
tank, gas line, carburetor, fuel pump, etc.), just as oxygen and EMODs are 
compartmentalized within the cell.  However, we could create an artifactual, in vivo 
situation and artificially force each of these damaging effects into a reality.   

Sleep 

Oxygen consumption is reduced during meditation (in some cases up to 55%.  
Respiration rate is lessened (in some cases to one breath per minute when twelve to 
fourteen breaths per minute are normal.   

REM sleep, in which we spend 30% of our sleep time, has an increase in oxygen 
consumption. 

The European dormouse has been known to go for over two hours without 
breathing during deep hibernation. 

 

 
A statistically significant circadian rhythm was found in SOD, CAT and GPx 
activities in normal volunteers and pulmonary tuberculosis patients. SOD and CAT 
enzyme activity was noted to be maximum at 06:00 and minimum at 00:00 in 
tuberculosis patients. 
 
I believe that the above sleep/antioxidant enzyme data can be interpreted as follows:  
During sleep, we need relatively high levels of EMODs to kill pre-neoplastic cells, to 
kill pathogenic organisms and to maintain a state of health and homeostasis.  This 
study shows that antioxidant enzymes are highest at 6:00 and lowest at 0:00, thus, 
RONS are higher at midnight during the middle of the average sleep cycle.  
Perhaps, this does, indeed, explain the need for sleep. 
 
The fetus seems to spend all or most of its time in dream sleep.  (RMH Note:  Please 
remember that this is a time of rapid synthesis of neuronal connections at a rate of 3 
million/second.) 
 
Penile erections accompany virtually every REM period, regardless of dream 
content.  This must be related to increased nitric oxide levels and EMODs levels. 

 

 
REM sleep has never been observed in grey seals and bottle-nosed dolphins while 
submerged. 
 

 
The drive to breathe is the strongest of them all, along with the drive to maintain 
homeostasis. 
 
 
Superoxide can act both as an oxidant (by accepting electrons) or as a reductant (by 
donating electrons).  
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A hydroxyl radical can also react with superoxide to produce singlet oxygen and a 
hydroxide ion. 

I believe that this supports my position that each EMOD must be considered 
individually as to its specific reactivity and its consequent effects upon cellular 
molecules and processes. 

Catalases are oxidized by singlet oxygen. 
 
While lipid peroxidation is not initiated by O2

.- or H2O2, OH., alkoxyl radicals (RO.) 
and peroxy radicals (ROO.) result in initiating the lipid peroxidation. 

Prooxidants:  

-transition metals  

 

Thioredoxins are enzymes with intrinsic antioxidant activity, like all proteins 
possessing a thiol group (-SH). 

A liter of normal atmospheric air on a sunny day contains over one billion hydroxyl 
radicals. 

β-Carotene is a strong singlet oxygen quencher and, under most conditions, exhibits 
strong antioxidant properties.  β-carotene supplementation evoked no change in 
incidence of nonmelanoma skin cancer and that smokers suffered a significant 
increase in lung cancer incidence. Further, studies employing β-carotene- 
supplemented semidefined diets, not only failed to find a photoprotective effect, but 
significant exacerbation of UV carcinogenic expression resulted.   

 

 

-reactive oxygen and nitrogen species (EMODs)  

-heme-containing proteins and enzymes 

If the stress persists and involves massive production of toxic EMODs, SOD is 
destroyed and its concentration drops. Paradoxically, a too-high SOD concentration 
can be dangerous, because it leads to overproduction of hydrogen peroxide 
(paradoxical effect of antioxidants).  Actually, I firmly believe that the purpose of 
SOD is to produce H2O2, because it is an excellent second messenger in a vast 
number of crucial biochemical events.  I find it curious that both SOD and GPx are 
destroyed, with continued oxidative stress, even though they act as catalysts. 

American Heart Association concurring that there is no conclusive evidence to 
suggest that a daily supplement of antioxidant nutrients can prevent atherosclerosis. 

 
Several large-scale, double-blind, placebo-controlled trials have shown convincingly 
that neither β-carotene nor vitamin E alone or in combination with other 
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antioxidant vitamins, reduces the risk of fatal or nonfatal infarction (or other hard 
clinical end points) in an unselected population of people with established coronary 
heart disease (CHD) or at high risk of CHD.  
 

 

Taking regular vitamin E supplements probably won't protect you from cancer or heart 
disease, according to a study on 7,030 patients in the Journal of the American Medical 
Association (Vol. 293, No. 11: 1338-1347, 2005). In fact, high doses appear to actually 
raise the risk of heart failure. 
 
Research on nearly 40,000 healthy women showed no heart benefits from vitamin E 
pills and a study reported in November at the American Heart Association found that 
people taking high doses were 10% more likely to die of any cause than those taking 
smaller amounts.   

"In nearly 68,000 patients studied to date, there is no compelling evidence that higher 
doses of vitamin E reduce cardiovascular risk or cancer," they wrote. "You may hear 
that vitamin E is a 'natural,' yet effective way to prevent heart disease or cancer, but this 
has proven to be a false hope." 

The study, known as HOPE-TOO, followed nearly 4,000 people 55 and older, taking 
400 milligrams of vitamin E/day, for more than seven years.   The researchers 
examined overall cancer cases and deaths and found no significant differences between 
the two groups and a 13% greater chance of developing heart failure that those on 
placebo.  People on vitamin E were more likely to develop heart failure. 
 
About 12% of U.S. adults (over 20 million people) take vitamin E pills and about 
49% (almost 80 million) use supplements containing some amount of vitamin E. 

In another report, hamsters with benzo[a]pyrene-induced tumors fed a high β-carotene 
diet did not show a decrease in the incidence of preneoplastic changes and tumors of 
the respiratory epithelium were almost twice as frequent in hamsters fed the high β-
carotene diet than in hamsters fed a low β-carotene diet.   
 
Cao et al using a relatively simple but sensitive and accurate method for quantifying the 
oxygen radical absorbance capacity (ORAC) of total antioxidants in biological 
tissues, failed to demonstrate that carotenoids make a significant contribution to the 
antioxidant capacity of the blood.  In another report, carotenoids had no effect on the 
total antioxidant capacity of the plasma and oxidative stress status measured by breath 
pentane measurements. 
 
Contrary to the predictions of the Free Radi-Crap theory, the risk of fatal coronary 
heart disease was increased in the groups that received either β-carotene or the 
combination of α-tocopherol and β-carotene (Rapola, J.M.). 
In the CARET study the relative risk of death by lung cancer also increased by 17% 
in the β-carotene supplemented heavy smokers vs. placebo group.  The CARET trial 
was also stopped ahead of schedule for the same reasons of increased incidences of lung 
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cancer and overall mortality.      
 
In the PHS study the supplementation was done during a twelve-year period and 
was neither beneficial nor harmful in terms of the incidence of malignant 
neoplasms, cardiovascular disease or death from all causes.  
 
Three out four intervention trials using high doses of β-carotene supplements did 
not show protective effects against cancer or cardiovascular disease. 
 
Most laboratory animals do not absorb or metabolize carotenoids in a fashion similar 
to humans.   
 

 

 

 

The ATBC study, with more than 29,000 male smokers, was terminated early after results 
showed that subjects who received β-carotene had a statistically significant increase in 
lung cancer incidence and mortality. 

The Women’s Health Study and the Skin Cancer Prevention Study reported no effect of 
β-Carotene with respect to cardiovascular, cancer, and mortality endpoints.   

Carotenoids are also reactive towards the non-excited O2 ground state 3O2(3Σg).  
Carotenoids do not only add radicals or react with them in other ways, they are 
themselves prone to one-electron oxidations or reductions to form radical cations or 
anions.  At elevated oxygen pressures of 150 Torr and higher, β-carotene and related 
compounds may act as prooxidants.  Normal oxygen pressure is 160 Torr.  The RONS 
scavenged by carotenoids are singlet oxygen and peroxyl radicals. 

Some studies have shown that dietary vitamin C supplementation is not beneficial 
but, rather, may cause DNA damage.  Vitamin C may not be effective in cancer 
chemoprevention.  On the basis of an increased number of modified DNA basis in 
lymphocytes, Podmore et al. (Podmore, I.D., Griffiths, H.R., Herbert, K.E., Mistry, N., 
Mistry, P. and Lunec, J.  Vitamin C exhibits pro-oxidant properties.  Nature 1998; 392: 
559 letter), claimed that dietary supplementation with vitamin C at 500 mg/d exerts 
prooxidant and mutagenic effects in humans.  Vitamin C can exert a prooxidant 
activity under certain conditions, particularly in the presence of transition metal 
ions or alkali.  Vitamin C occurs in millimolar levels in PMN.  1 g/d vitamin C did 
not affect LDL oxidizability in healthy nonsmokers.  Supplementation of smokers 
with 500 mg vitamin C per day did not affect breath pentane output or plasma 
malondialdehyde concentrations.  Vitamin C actually increased the oxidation of 
minimally-modified LDL by macrophages.  There were no effects of antioxidant 
supplementation on either PMN superoxide anion production of PMN LDL 
oxidation.  Herbaczynska-Cedro et al. reported that a combination of vitamins C and E 
(600 mg of each/day) reduced reactive oxygen species production by PMN in both 
healthy subjects and in patients with acute myocardial infarction.  I believe that this 
inhibition of PMNs could produce harmful EMODs deficiency states and result in 
disease and death.  The only way for young smokers to reduce oxidative damage to 
the vasculature by tobacco is to quit smoking rather than to take antioxidant 
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vitamin supplements (Fuller, C.J.). 
 

 

Both ascorbic acid and gallic acid act as prooxidants for the induction of apoptotic 
cell death (Sakagami, H.). 
 
No obvious benefits to the health of smokers have emerged from these studies and, in 
fact, b-carotene supplements were associated with an increased risk of lung cancer 
in two separate studies and with more fatal cardiac events in one of them. Other risk 
groups identified by their already having had some non-malignant form of cancer, 
such as non-melanomatous skin cancer or a colorectal adenoma, showed no effect on 
subsequent recurrences after several years of elevated intakes of antioxidant 
nutrients. The use of b-carotene or vitamin E alone or in combination with vitamin 
C showed no benefits. Thus, the results of these clinical trials do not support the use 
of supplementation with antioxidant micronutrients as a means of reducing cancer 
or even cardiovascular rates. 
 
The role of oxidative stress in diabetes is questioned by the results of intervention 
studies with antioxidants, which are elusive or unsuccessful (Marchioli, R.).  
Convincing evidence is now available about the possible role of oxidative stress in the 
development of diabetic complications.  However, clinical trials with antioxidants, in 
particular with vitamin E have failed to demonstrate any beneficial effect (Marchioli, 
R.). In hyperglycemic conditions, an overproduction of both superoxide and NO has 
been reported, with threefold increase in superoxide, generation (Cosentino, F.). 
 
At pH 7.0 in the presence of greater concentrations of iron (100 µM), a-tocopherol 
had a prooxidant effect.  Quercetin and gallic acid had a significant (p < 0.05) 
prooxidant effect on total oxidation.  Due to the ability of a-tocopherol, gallic acid, 
and quercetin to exhibit prooxidant activity under some conditions, care should be 
exercised when adding them to food systems containing transition metals or in lab 
studies. 
 
 
Polyphenolic antioxidants exhibited a dose-dependent toxicity against human 
promyelocytic leukemia cells (HL-60).  Their reaction with iron and MDA 
formation points to a prooxidant character of their cytotoxicity. 
 

Paradoxically, in the presence of Fe3+ or Cu2+, ascorbate can promote the generation 
of the same reactive oxygen species (.OH, O2

.-, H2O2, and ferryl ion) it is known to 
destroy.  This prooxidant activity derives from the ability of ascorbate to reduce Fe3+ or 
Cu2+ to Fe2+ or Cu+, respectively, and to reduce O2 to O2

.- and H2O2.  It has been said 
that ascorbic acid is toxic to bacteria, viruses and many types of cultured cells, 
because of its prooxidant activity. 
 
A prooxidant effect of alpha-tocopherol was found under mild oxidative conditions 
in highly diluted (150-fold) plasma and in isolated LDL.  It can develop both anti- 
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and prooxidant activity in isolated low density lipoprotein (LDL).   
 
a-lipoic acid is considered by several experts to be an ideal antioxidant, including 
Dr. Packer.  Dihydrolipoate may exert prooxidant actions through reduction of iron.  
LA can cross biological membranes.  LA acts as a powerful antioxidant only after 
long-term incubation in cell cultures.  However, after short-term incubation and 
rapid uptake by tissue or cells, it might function dose dependently as a prooxidant 
(Moini, H.).  LA can act as a mild oxidant molecule before conversion to its reduced 
form, dihydrolipoic acid.   
   
Prooxidants vs. Antioxidants 
 
Unfortunately, most authors have emphasized the potential damage of oxidation; 
whereas, I emphasize the importance of “EMODs prooxidant protection.” 
 
These results imply that diet as a whole plays a more important role than do 
individual components.  The cancer-preventive effects of vegetables and fruit may 
result from multiple combined effects of various phenolic phytochemicals, vitamins, 
dietary fibers, indoles, allium compounds and selenium rather than from the effect 
of a single active ingredient. 

Over the past 3 decades, the incidence of and the mortality from cancer have in 
general not diminished but have instead increased. 

Type ll the cells of the arterial wall – macrophages, smooth muscle cells, endothelial 
cells, and neutrophils (polymorphonuclear leukocytes or PMN) – are able to oxidize 
LDL in vitro.  I believe that this argues that oxidation of LDL is a common 
occurrence in the vascular arterial wall and indicates that it is an integral part of 
normal vascular function.  The oxidation of the LDL would keep it soluble for 
excretion by the liver.   

Both singlet oxygen and the hydroxyl radical are generated in mammalian cells by 
UVA (320-380 nm) and possibly near-visible (380-420 nm) radiation.  Stimulation of 
unirradiated cells with a singlet oxygen-generating system induced apoptosis in 
malignant cells to a greater extent than in normal cells. 
 
Chemiluminescent levels due to EMODs in the untreated and UVA-exposed skin 
decreased age dependently, and the signal intensities in old rats were significantly 
lower than those in young rats.  Please look at this important data.  The 
chemiluminescence decreased with aging and this is prima facia evidence that 
RONS/excytomer levels decreased in an age dependent manner.  Yet, because of the Free 
Radi-Crap theory, the authors try to explain away their data in a way in which it will be 
forced to fit the flawed theory.  I have seen this happen over and over again whereby 
good data is thrown at a bad theory.  Next, Yasui and Sakurai showed that the 
signal intensities in the old rats were significantly lower than those in young rats.  
Enough said.  That basically proves that EMODs levels reach deficiency 
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states with aging.  Their levels are going down and not up, as so many have 
implied.  This makes sense; due to the fact that most parameters associated with 
oxygen uptake, oxygen binding, oxygen transportation, and oxygen cellular 
utilization are all going down with aging.  It would be illogical for levels of EMODs 
to increase under these circumstances.  Their data shows two important 
observations: 1) the levels of EMODs decreases with age and 2) the levels of EMODs 
are lower in old animals as compared to young animals.  Again, I believe that this is 
very important data.  
 
Heme proteins play a major role in various biological functions, such as:  
-oxygen sensing 
-electron transport  
-signal transduction  
-and antioxidant defense enzymes.  
The red cell with the largest pool of heme protein, hemoglobin, contains no heme 
oxygenase. 
 
Catechins are known to have both antioxidant and prooxidant activities.  .  It has 
been reported that crude extract from tea has antioxidant activity and that main 
antioxidative components are catechins, e.g., epigallocatechin gallate, epicatechin 
gallate, epigallocatechin and epicatechin. 
 
Radiotherapy as well as a significant number of conventional cytotoxic agents in use 
today relies on oxidative mechanisms for their effect.  Antioxidants may interfere with 
the mechanism of action such therapies, causing diminished treatment effect and 
protection of tumor tissue.  Please remember that radiotherapy requires oxygen to 
be effective.  Reactive oxygen species (EMODs) are the classical oxidation products 
resulting from cytotoxic and radiotherapeutic protocols (as well as natural processes), 
most notably superoxide anions, aldehydes and lipid peroxides.  
 
Homer Black offers relevant insights into the relationship of antioxidants and 
carcinogenesis (Black, H.S.  Reassessment of a free radical theory of cancer with 
emphasis on ultraviolet carcinogenesis.  Integr Cancer Ther 2004; 3(4): 279-293).  
Black’s article takes us through the history of the investigation of the third hypothesis in 
detail.  Both butylated hydroxytoluene (BHT) and β-carotene were investigated as 
potential anticarcinogenic supplements.  This resulted in the discovery that BHT’s 
anticarcinogenic effect was basically a physical effect of blocking transmission of 
ultraviolet radiation through the skin, rather than an antioxidant effect. 
 
The Validation of a Theory 
Scientific theories can be held with such fervor, that those who question them can be 
subjected to ridicule and scorn.  In fact, they can be so popular that “everyone knows that 
they must be true.”   The sheer “popularity” of a theory was seen as proof of its 
correctness.  Unfortunately, the predicted actions of the antioxidants have failed to 
produce results and have even been shown to cause harm and death.  As it relates to 
theories, popularity is not the same thing as truth.  The validation of a theory requires a 
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demonstration that its predictions match the real world.   
 
Based on the Free Radi-Crap theory of aging and oxidative stress, aging and 100-
200 diseases should be reversed, cured or eliminated by the ingestion of copious 
amounts of antioxidants.  Unfortunately, this has not been the case.  Predictions of  
preventing or curing conditions such as cancer, cardiovascular disease and cataracts 
have basically failed, even though they have been administering them for well over half 
of a century, either alone or in combinations. 
 
-Several studies show that antioxidants may slow or possibly prevent the development 
of cancer, however in recent years clinical trials reached inconsistent conclusions 
 *Five large scale clinical trials in the 1900’s reached differing conclusions 
 about the effects of antioxidants on cancer 
 
1:  Chinese Cancer Prevention Study (1993) 
 -The results showed that a combination of beta-carotene, vitamin E and selenium 
 significantly reduced incidence of both gastric and cancer and cancer overall 
2:  Alpha-tocopherol/Beta-Carotene Cancer Prevention Study (1994) 
 -Lung cancer rates of Finnish male smokers increased significantly with beta- 
 carotene intake and were not affected by vitamin E 
3:  Beta-Carotene and Retinol Efficacy Trial (1994) 
 -Also demonstrated a possible increase in lung cancer associated with 
 antioxidants 
4:  1996 Physician’s Health Study I 
 -No change in cancer rates associated with beta-carotene taken by U.S. male 
 physicians 
5:  1999 Women’s Health Study 
 -No benefit or harm from beta-carotene supplementation, vitamin E research is 
 ongoing 
Antioxidant “Dichotomy” 

• Epidemiological evidence shows that antioxidants have a protective or 
therapeutic effect on CD 

• Clinical trials support antioxidants as beneficial, neutral, and, in some 
cases, harmful 

• The controversy between research shows that antioxidants mechanisms in 
response to oxidative damage are not completely understood 

Health Professional’s Follow-up study: 
Research asserting that antioxidants are beneficial 

o >39,000 males, 4 year follow-up 
o B-carotene intake is associated with reduced risk of coronary 

events; inverse relationship between duration of vitamin E 
supplement use and risk in smokers 

Nurses’ Health Study (Stampfer et al): 
o > 87,000 women, ≤ 8 year follow-up 
o coronary events and vitamin E intake are inversely related, 43% 

lower in supplement users vs. nonusers; inverse relationship 

Page 871 of 931 



between risk and duration of supplement use 
 

National Health and Nutrition Examination Survey (Enstrom et al) 
o Inverse relationship between vitamin C intake and coronary risk; 

decreased death from coronary heart disease over 10 year follow-
up 

o 

o 

Cambridge Heart Antioxidant Study (CHAOS) 
~9,500 subjects age 55 and over with both symptomatic and 
asymptomatic CD, secondary prevention trial, lasted 17 months 
coronary disease patients benefited from naturally occurring 
vitamin E at 2 dose levels – this lead researchers to believe there is 
a difference between natural and supplemental antioxidants 

Research asserting that antioxidants are neutral (provide no benefit or harm) 
 Physicians’ Health Study 

o >29,000 male physicians in the US were randomized to β-carotene, 
aspirin, both, or neither for 12 years 

Women’s Health Study 

o 2-year analysis showed no effect from β-carotene supplements 

 a-tocopherol β-carotene Study (ATBC) 

Proposals and recommendations for the prevention of CVD 

o No significant benefit or harm of β-carotene on cardiovascular 
disease 

o >40,000 women 45 and older, primary prevention study on the 
effects of β-carotene, vitamin E and low-dose aspirin on major 
cardiovascular endpoints 

Research asserting that antioxidants are harmful 

o tested a-tocopherol, β-carotene, both or neither for 5-8 years in 
>29,000 male smokers 

o No reduction in cardiovascular events in any treatment; increase in 
risk of death from hemorrhagic stroke from vitamin E, increase in 
mortality from ischemic heart disease 

β-carotene and Retinol Efficacy Trial (CARET) 
o Studied the effects of combination of β-carotene and a form of 

retinol 
o Increased risk of cardiovascular disease mortality 

AHA does not recommend antioxidant supplements, instead following the Food 
Guide Pyramid is recommended 
Many researchers have criticized the study designs of all studies:  subjects chosen 
(at risk vs. not at risk for CVD), study length, dosage, etc. 
Distribution of other nutrients in foods is similar to that of antioxidants, thus the 
trend that fruits and vegetables reduce cardiovascular disease could be caused by 
mechanisms other than their antioxidant vitamin content, lowering of blood 
pressure for example.  It may even be due to the peroxide content of fresh 
fruits and vegetables. 
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Antioxidants and Cataracts 
 
Evidence on the benefits of supplements of vitamin E or C or vitamin-rich foods has been 
weak or non-existent.  In two identically constructed trials in the US and Britain, the 
American group derived no apparent benefit from vitamins E, C, and beta-carotene 
while the British group reported very little cataract protection.  In 2002, a major on 
going American study called the Age-Related Eye Disease Study (AREDS) reported no 
difference in the incidence of cataracts after 7 years in people who took the antioxidant 
vitamins compared to those who took sham vitamins.  Evidence is suggesting that high 
doses of antioxidant supplements might have harmful effects.   
 
Additionally, an English study that compared Asians to Caucasians living in the city of 
Laeicester found that age-related cataract was significantly more common in the Asians, 
and that a strict vegetarian diet was a significant risk factor for such cataracts in the 
Asians.  Wow.  This sounds like another “paradox.”   
 

Women have a higher risk of cataract formation than men and women who started 
menstruating late are at an even higher risk.  Obesity is another risk factor for cataracts.  
African Americans are four times more likely than Caucasians to develop signs of 
cataracts.    

 

 

 

 

 

Since the lens of the eye normally has very low levels of O2, I ask, “How it can be 
responsible for the generation of such quantities of oxygen free radical production?” 

About 30% of patients who undergo extracapsular cataract surgery develop a secondary 
“after-cataract” called posterior capsular opacification.  Nearly everyone who lives long 
enough will develop cataracts.  I believe that this could also be said for cancer, aging 
and arteriosclerosis.   
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H2O2WES’   H1O2LY   GR1∆gIL  
 
I believe that the grail is oxygen and its various electronically modified derivatives. 
 

Peroxide tongue twister 2-1-05 R. M. Howes, M. D., Ph.D. 

 

 

 

The 21st century may become the golden age of quackery. 
The beauty of the Free Radi-Crap Theory of oxidative stress and aging is that it is 
testable.  Antioxidants should prevent/reverse/cure all of the 100-200 diseases and 
stop/reverse aging.  Antioxidants have failed to do so.  RMH Note: 2-13-05.  It is that 
simple. 
 
The geriatric dosing axiom is, “start low and go slow.”  This also applies to the use 
of the Howes Singlet Oxygen Delivery System. 
 
Our present state is one of “enlightened ignorance.” 
 
Our system of oxidative cure protects us from pathogenic agents such as: 
 

• Bacteria 
• Viruses 
• Fungi 
• Parasites 
• Neoplasia 
• Man’s interventions (e.g., healers, shaman, physicians, gurus, medicinals, 

drugs, potions, elixirs, salves, sprays, douches, antibiotics, antioxidants, etc.) 
• And it detoxifies pollutants, toxins and xenobiotics 

 
 
In considering the M theory of physics, I believe that each of us is an individual universe 
unto ourselves.  Our skins represent our “branes” and the interactions with other branes 
produces clumps of matter known as offspring.  3-1-05.  RMH 
 
9.4.1    54      Addendum 

“Stumper-Stepper’s peroxide popper pepper stopper stupor stripper” 

Recently, I was asked by a colleague, “Exactly, what is the respiratory burst that you 
keep talking about?” 
   
And I said, “Well, it results in the white cell producing a lot of peroxide and this peroxide 
sort of squirts or pops out inside the phagocytic cell. So, you could call it a peroxide 
popper.” 

My friend said, “Is there any way to block this peroxide popper?”  To which I replied, 
“Yes, it can be blocked with an antioxidant, which is used as a stopper.”   
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He said, “So you would have a peroxide popper stopper.”  Are there side effects from the 
peroxide popper stopper?” 
   

 

 

And I said, “Well yes, it can affect the central nervous system and produce a flattened 
mental state that we call a peroxide popper stopper stupor.” 

He said. “Well, is there a way to take like an antidote to the peroxide popper stopper 
stupor?  And I said, “Yes, you can take a peroxide popper stopper stupor stripper.” 
 
And he said, “By the way, who came up with the stopper stripper theoretical approach to 
the peroxide popper stopper stupor treatment?  And I said, “I believe that it was Dr. 
Stepper.” 
 
And he said, “You mean that this theory is then called the Stepper peroxide popper 
stopper stupor stripper?  And I said, “Yes, but actually I believe that it was proposed by 
Dr. Stumper, when they worked as a team.” 
 
And he said, “Oh, so the theory was developed as the Stumper-Stepper peroxide popper 
stopper stupor stripper, right?  So, I guess that that was the end of that” he said.  
 
And I said, “Well, almost but someone found that the peroxide popper stopper stupor 
stripper could cause side effects so they tried all sorts of drugs to correct these adverse 
reactions with a simple and inexpensive substance.” 
 
And he said, “Well, what in the name of God did they find to handle the side effects of 
the Stumper-Stepper peroxide popper stopper stupor stripper?”  
 
And I said, “I thought you would never ask.  It was “pepper” that was used as the 
peroxide popper stopper side effects.”   So, you see it was so easy all along and the 
concept is now known as the Stumper-Stepper peroxide popper pepper stopper 
stupor stripper.” 
And as Paul Harvey would say, “Now, you know the rest of the story.  Good day.” 
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My clock is the cruelest dictator I know. 

But it is quick to remind me that, 

a par-sec and back in the mere flash  

Finally, my time-piece argues that  

in that it treats all entities equally. 

disdain. 

5/29/05 

 

 

 

 

 

I ask it to slow down and it chortles. 
I beg it to improve its generosity and it scoffs. 

I implore it to stop and it fancifully belly-laughs. 

in times of extreme grief, I can seemingly travel 

of a heart-broken moment. 

it is the most democratic of all inventions, 

From the quarks up, we are all treated with the same 

R.M. Howes, M.D., Ph.D. 

 

9.5  Queries from RMH: 

Furthermore, discussions referring to superoxide dismutase as one of the most important 
antioxidant enzymes in the body, because it dismutates superoxide anion into hydrogen 
peroxide, are without a logical basis.  Actually, hydrogen peroxide (+320 E/mV) has 
more oxidant character than does superoxide anion (-330 E/mV). Ergo, I ask, “How does 
generating a more potent oxidant (H2O2 which is a greater oxidant than O2

.-) make SOD 
an antioxidant?”  In fact, our body will produce H2O2 from O2

.- either spontaneously or 
enzymatically, which indicates to me that the body has a need to do so.  It is clear that 
all antioxidants can serve as oxidants and that many oxidants can serve as 
reductants, depending upon the reactivities of the respective compounds or 
molecules to which they are exposed. 

Thus, I ask, “Is it strange that our bodies react to the detected presence of homeostatic 
altering disease states or injury by mobilizing an oxidative attack?” 

Shockingly, a 70 kilogram/154 lb. adult with a 1% “leak” would produce annually 1.7 
kilograms of O2

.- (presumably and/or H2O2 or .OH) and a 5% leak would generate an 
astonishing 8.5 kilograms of O2

.- in a year.  In other words, at a 5% leak of O2
.-, an 

average adult would produce more than his entire body weight in O2
.- in 6 years.   If 

he lived to be a healthy 83 year old, he would have produced over 10 times his body 
weight in oxygen free radicals (705 kg of O2

.-) and many individuals appear to do this 
and are just fine.  So, I ask my question again, “How toxic are RONS?”  They do not 
sound very toxic to me. 

Thus, in the average body of 100 trillion cells (figures vary), we would produce 4 X 
1017 .OH radicals per day.  Again, I ask “How toxic are RONS?” 
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Catalase is the major enzyme involved in removing H2O2 and is preset in low 
concentrations in the respiratory tract. I believe that this is another example, in 
which, an area of the body which is constantly exposed to extremely high levels of 
RONS, has low levels of catalase.  This does not make teleological sense that such 
would be the occurrence, if RONS are so harmful. Thus, again I ask, “How toxic are 
RONS?”   
 
The alveolar epithelium is continuously exposed to both endogenously and 
exogenously derived sources of reactive oxygen and nitrogen species.  Thus, I ask 
that, “If these lung cells are constantly exposed to RONS, then why doesn’t everyone 
get lung cancer or emphysema, if one is to give any credibility to the Free Radi-Crap 
theory?”   

Shingu et al showed that endothelial cells and smooth muscle cells have very low 
levels of catalase activity. I believe that this is excellent evidence which shows that 
the endothelium and the vascular wall needs high levels of H2O2 to protect itself 
from atherosclerotic particle aggregation.  If the endothelium does not need high 
levels of H2O2 then I ask, “Why has it not evolved high levels of catalase to deal with 
the EMODs and H2O2, which are produced by all three layers of the vascular wall?” 
 
HO-1 protein expression can occur in the lung in response to oxidative stress 
associated with infection, altered oxygen tension, and inflammatory diseases.  (RMH 
Note: Here, I must ask, “Why is it necessary for HO-1 to inhibit the RONS system, 
which is there to protect the body from the harmful effects of infection, altered 
oxygen tensions and inflammatory diseases?”)  HO-1 remains widely regarded as a 
protective mechanism against oxidative tissue injury. 
 
Man does not synthesize the many antioxidants that are available to the plant world, 
such as the carotenoids, tocopherols, polyphenolics, vitamin C, lycopenes, and the 
flavonoids.  If they are so important, I ask, “Why not?” 

Taking vitamin E doesn't protect head and neck cancer patients from developing 
new tumors, Canadian researchers report. In fact, it may actually raise the risk of 
developing a second cancer.  The study, published in the Journal of the National 
Cancer Institute (Vol. 97, No. 7: 481-488), is the second recent piece of research to 
cast doubt on the use of vitamin E against cancer. In 2005, a team of international 
researchers said vitamin E supplements don't offer any protection against cancer 
but may well raise the risk of heart failure in some patients. 

I ask, “How many times must this non-science/non-sense be repeated, before 
investigators admit that the Free Radi-Crap theory is wrong?” 

I believe that this is remarkable for brain cells which use very high amounts of O2, 
have high levels of lipids (over 50% by dry weight), have high levels of nonheme 
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iron, produce high amounts of RONS and have low levels of antioxidant enzymes.   
To me, it does not make sense that such a vulnerable, post-mitotic cellular system 
could survive for a life time, if it was under the constant attack of harmful and 
damaging RONS.  Ergo, I ask, “How toxic are RONS?”  Thus, I conclude that 
RONS are not very harmful to brain cells and in fact, I submit that they are needed 
by neurons for normal physiological and biochemical functioning. 
 
Additionally, I ask, “Isn’t it curious that three crucial organs of the body (heart, 
brain and lungs), which use extremely high levels of oxygen, have evolved such that 
they have innately low levels of antioxidant enzymes?”  If there is any credence to 
the Free Radi-Crap theory of oxidative stress and aging, a further complication, in 
our evolutionary ascent to the top of the phylogenetic tree, is the fact that we do not 
synthesize any of the low molecular antioxidants and they must be ingested in the 
diet.  I ask, “How could natural selection, after the appearance of oxygen, have been 
so faulted during its 2.3 billion years of evolution?”  Bugs, birds and other mammals 
got it right.  Thus, I ask, “How could man’s evolutionary process be so lacking and 
incomplete?” 
 
Please keep asking yourself, “Just how toxic are RONS/excytomers?”  Many 
individuals produce exponential numbers of RONS, from exponential numbers of 
cells, and appear to do so for a life time without untoward effects. 
 

 

 

Based on the fact that corneal cells do not divide and that they are constantly 
exposed to EMODs, e.g., H2O2, I ask, “How can some people live a full and long life 
and not develop cataracts, if EMODs are the causative agent?” 

Sastre and colleagues found that GSSG levels doubled in old rats compared to young rats, 
while glutathione levels dropped 40% and hydrogen peroxide generation increased 
22%.  I must ask, “How can peroxide levels increase, while there is a decrease in 
energy production (ATP synthesis), unless there is an uncoupling of oxidative 
phosphorylation (which I doubt)?”   

I believe that a most important observation concerning levels of 1O2 is the fact that high 
levels seen with PDT and with the Howes 1O2 Delivery System, can and does kill 
cancer.  Whereas, low levels of 1O2 in beta-carotene studies (a singlet oxygen trap) 
allowed cancer to manifest itself.  In my opinion, this is a beautiful illustration of the 
importance of 1O2.   Thus, I ask, “How toxic are these RONS (EMODs)?”  
 

I ask, “How is it that bilirubin, which is a natural antioxidant and scavenger of 
singlet oxygen, can cause permanent brain damage in kernicterus?” 

Since the lens of the eye normally has very low levels of O2, I ask, “How it can be 
responsible for the generation of such quantities of oxygen free radical production?” 
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In addition, cells are subjected to irradiations (x-rays, gamma-rays, ultraviolet 
light), inflammatory systems, metal-catalyzed oxidation systems, environmental 
pollutants, which inevitably generate more RONS (Stadtman, E.R., and Berlett, B.S. 
(1998) Reactive oxygen-mediated protein oxidation in aging and disease.  Drug 
Metabolism Reviews 30:  2005-2008).  Thus, I ask, “If the Free radi-Crap theory is 
valid (e.g., RONS are causative of over 200 pathophysiologies including aging), 
shouldn’t our life spans be getting progressively shorter in a progressively polluted 
environment?”  To the contrary, our lifespans are steadily increasing. 
 
 

a “deadly oxidative-assault” (DOA) 

“electronically modified oxygen derivatives” (EMODs) 

“EMOD sufficiency state” (EMOD-SS) 

 
9.6  Howes’ Abbreviations: 

“natural oxidative healing of the body” (NOHB) - Vis medicatrix naturae:  The 
Healing Power of Nature 
“cell’s extraordinary wisdom” (CEW) 
the “body’s cumulative extraordinary wisdom (BCEW) 
“daily oxidative capacity” (DOC) 

“peroxide-spike” (PS) 

“biological or biochemical electronically modified oxygen derivatives” (BEMODs) 
“cumulative oxidative therapy” (COT) 

“EMOD deficiency levels” (EMOD-DL)   
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9.7      Original Unpublished Scientific Studies: 
 
9.7.1  The Howes Singlet Oxygen Cancer Therapy System  
 

Tumoricidal Activity of the Howes Singlet Oxygen Delivery System 
in Human Basal Cell Carcinoma 

 
 By:  Randolph M. Howes, M.D., Ph.D. and George Farber, M.D. 

 
 

ABSTRACT 
 
Howes has proposed that orthomolecular oxidant systems may provide a method of 
physiologically generated singlet oxygen that would have tumoricidal activity, similar to 
photodynamic therapy, but without the many drawbacks of conventional cancer therapy  
regimens.  We have demonstrated that a simple oxidative system containing hydrogen 
peroxide and sodium hypochlorite can be used safely to generate tumoricidal singlet 
oxygen in the treatment of human basal cell carcinoma.   
 
INTRODUCTION 
 
The Problem:  Basal Cell Carcinoma 
 
Currently, cancer therapies utilizing chemotherapy and irradiation have limited 
effectiveness and can be associated with a wide array of harmful side effects, recurrences, 
secondary cancers, and collateral damage to healthy cells thereby necessitating  trials of 
new and creative biochemical tumoricidal strategies (1, 2).  We are presenting 
preliminary results on one such approach, utilizing the Howes Singlet Oxygen Cancer 
Therapy system.  
 
Annually, more than one million cases of skin cancer will be diagnosed in the United 
States, 80% of which will be basal cell carcinoma (BCC), 16% squamous cell carcinoma 
(SCC) and 4% melanoma (3).   
 
Epidemiologic studies investigating the prevalence of nonmelanoma skin cancer (NMSC) 
in the general population indicate that the number of cases has increased rapidly over the 
last two decades.  In Australia, the incidence of NMSC in 1993 had reached as high as 
1% (1,000/100,000 people per year), with a rise of 11% in BCC and 51% in SCC 
between 1985 and 1990 (4).  The trend is also observed in a study conducted in the 
United Kingdom, where there was a greater than 50% increase in the incidence of 
NMSC, from 174 to 265 per 100,000 from 1988 to 1998 (5).  During that period, there 
was an even greater increase (66%) in the incidence of BCC. 
 
The most common clinical types of BCC are nodular and superficial.  Nodular BCCs 
(NBCCs) appear mostly on the head and neck and account for approximately 45% to 
60% of all BCCs (6).  Current therapies for BCC include cryotherapy, curettage and 
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cautery/electrodessication, excision and Mohs micrographic surgery.  No single treatment 
is superior with respect to effectiveness, associated morbidity, cost and cosmetic 
outcome.   
 
Photodynamic Therapy (PDT) for Cancer 
 
Although there are well over ten thousand published papers on PDT very few physicians 
other than specialists in Ophthalmology and Dermatology are familiar with either this 
type of treatment or with its underlying biochemical mode of action.  The basic elements 
of PDT are a Photosensitizer + Visible light + Oxygen = Tissue Response (tumoricidal 
activity).  The unique property of photosensitizers to selectively accumulate in malignant 
and dysplastic tissues is exploited in the treatment of malignancies. 
 
PDT selectively destroys tumors with a simple concept.  The PDT agents, mainly 
porphrins and their derivatives, preferentially accumulate in neoplastic tissue. This occurs 
either from selective up-take or delayed elimination relative to normal tissue.  When the 
photosensitizer is activated by a light source (laser or filament), the molecule absorbs the 
light energy.  In this excited state it is extremely reactive and interacts with molecular 
oxygen to produce highly reactive “singlet” oxygen.    
 
In biological systems, singlet oxygen has a short lifetime of <0.04 µs and has also been 
shown to have a short radius of action of <0.02 µm. (7).   This chemical moiety is highly 
cytotoxic.  Since the agent is concentrated in the tumor and the light is directed at the 
mass, the resulting direct tumoricidal activity and microvascular damage, with associated 
thrombosis, destroys tumor cells.  The result is inflammation and necrosis of the cancer.  
If the cancer is adjacent to a cavity or lumen (esophagus, bronchus, intestinal tract or 
bladder) the treated tissue sloughs away with the help of macrophages and there is normal 
healing and re-epithelialization of the affected site. 
 
PDT generates similar products, with similar chemical reactivity as the Howes Singlet 
Oxygen Delivery system.   
 
Since the PDT process is a “cold” photochemical process, there is essentially no thermal 
damage to the tissues.  Compared to surgery and conventional thermal Yag and argon 
laser treatment, there is much less damage and disruption of the underlying and adjacent 
normal tissue structures.  Superficial treatments can be delivered in an outpatient setting.  
The most significant side effect is residual photosensitivity (protection from direct 
sunlight is necessary for a period of time). 
 

 

With PDT, availability of ground state oxygen within the tumor can dramatically 
influence and limit direct tumor cell kill.  Two mechanisms can produce such limitations:  
the photochemical consumption of oxygen during the photodynamic process and the 
effects of PDT on the tissue microvasculature.  The rates of 1O2 generation and therefore 
tissue oxygen consumption/depletion are high when both tissue photosensitizer levels and 
the fluence rate of light are high (8).
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Preliminary clinical studies at the Roswell Park Cancer Institute show oxygen depletion 
also occurring during PDT in patients.  The kinetics for this depletion varied from very 
rapid (within seconds of light exposure) to slow (>10 minutes of light exposure) and to 
no effect at all in basal cell carcinoma lesions in patients undergoing Photofrin treatment.  
Possibilities for Immune Memory Response 
 
PDT is a highly effective means of generating tumor-sensitized immune cells that can be 
recovered from lymphoid sites distant to the treated tumor at protracted time intervals 
after PDT, which asserts their immune memory character.  Treatment of tumors by PDT 
creates the conditions necessary for converting the inactive adoptively transferred pre-
effector, tumor-sensitized immune cells into fully functional antitumor effector cells.   
Investigators found evidence for NK cell activation in PDT-treated Meth-A sarcomas (9). 
 
At least three major factors appear to be involved in the induction of a strong immune 
response against PDT-treated cancers.  PDT-mediated oxidative stress triggers a variety 
of cellular signal transduction pathways (10).  The nature, rate and extent of tumor cell 
death induced by PDT may also play a crucial role in determining the generation of 
effective antitumor immune response.  Large amounts of cellular debris are generated at a 
tumor site within a short time interval of PDT treatment.  The particular nature of such 
material facilitates the uptake and presentation of putative tumor antigens by 
macrophages and dendritic cells recruited to the tumor site in response to PDT-induced 
inflammatory signals, ensuring the recognition of tumor-specific epitopes by T-
lymphocytes and their subsequent activation.  It is logical to predict that an effective 
treatment strategy for BCC could be a compound that stimulates either the innate or the 
cell-mediated immune response (11).  We believe that such a compound is singlet 
oxygen.  For an extensive review on the Howes Single Oxygen Therapy system and 
singlet oxygen, please see reference twelve (12).     
 
The Howes Singlet Oxygen Delivery System should likewise activate memory cells and a 
long term immune response. 
 
Commonality Between PDT and the Howes Singlet Oxygen Therapy system 
 
Pioneering work by Howes and Steele on microsomal lipid peroxidation (Howes, R. M. 
and Steele, R. H., Microsomal chemiluminescence induced by NADPH and its relation to 
lipid peroxidation, Res. Commun. Chem. Path. Pharmacol., July-Sept. 1971, 2; 4 & 
5:619-626.) and aryl-hydroxylations (Howes, R.M. and Steele, R.H., Microsomal 
chemiluminescence induced by NADPH and its relation to aryl-hydroxylations, Res 
Commun. Chem. Path. Pharmacol., March 1972, 3; 2:349-357.) demonstrated evidence 
for the generation and participation of electronic excitation states, namely singlet oxygen. 
This was the first demonstration of a functional generation of an electronic excitation 
state, exclusive of vision, in mammalian systems.  Their proposal, that singlet oxygen is 
the identity of the long sought out “active oxygen” acting on the cytochrome P 450 
microsomal mixed function oxidases, has recently been supported by the work of Yasui 
et al (Yasui, H., Deo, K., Ogura,.Y., Yoshida, H., Shiraga, T., Kagayama, A. and Sakurai, 
H., Evidence for singlet oxygen involvement in rat and human cytochrome P450-
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dependent substrate oxidations, Drug Metab. Pharmacokin. 2002, 17 (5): 416-426.).  
 
 While studying widely divergent biological electronic excitation generating 
systems, such as the microsomal mixed function oxidases, the neutrophil respiratory burst 
(Howes, R. M., Allen, R.C., Su, C.T. and Hoopes, J.E., Altered polymorphonuclear 
leukocyte bioenergetics in patients with thermal injury, the Surgical Forum, 1976, 
27:558-560.) and proline hydroxylation for collagen biosynthesis, one of our 
investigators (Howes) believed that these oxidative systems shared a point of 
convergence, expressed in the Howes Excytomer Pathway, involving superoxide anion 
and electronically excited singlet oxygen (Howes, R.M., Steele, R.H. and Hoopes, J.E., 
The role of Electronic excitation states in collagen biosynthesis, Persp. In Biol. And 
Med., Summer 1977, 20; 4:539-544.).   Furthermore, Howes saw an additional 
commonality with generation of singlet oxygen produced by the steady-state 
physiological oxidative reagents containing an organic peroxide and the salt of 
hypohalous acid (Howes, R.M., Steele, R.H. and Hoopes, J.E., Peroxide induced 
Chemiluminescence in an in vitro proline hydroxylation system, 1976, 8; 1:77-84.). 
Subsequently, Howes reasoned that the peroxide/hypochlorite oxidative system may 
represent an ideal method of singlet oxygen delivery for effectively treating premalignant 
and malignant lesions, while simultaneously eliminating many of the drawbacks 
associated, not only with PDT, but with all other conventional methods of cancer therapy. 
The peroxide/hypochlorite oxidative system has been shown to generate singlet oxygen 
exclusively, as opposed to hydroperoxide/hypochlorite systems which have been shown 
to produce peroxyl and alkoxyl radicals (Noguchi, N., Nakad, A., Itoh, Y., Watanabe, A. 
and Niki, E.  Formation of active oxygen species and lipid peroxidation induced by 
hypochlorite.  2002, Arch Biochem Biophys. 397; 2:440-447.).  
 
Materials and Methods 

Patient Population 

Patients selected were adults, all with a history of multiple biopsy proven epitheliomas.  

Lesions selected were adjacent to or suspected recurrent lesions previously biopsied. 

One patient is a known basal cell nevus syndrome.  This patient had numerous extensive 

surgeries, by various physicians, including large areas of total surface grafting from non-

sun exposed areas to sun exposed areas, including both forearms.  Basal cells were 

appearing in these grafts, consistent with the basal cell nevus syndrome.  It is known, that 

the ectodermal, epidermal skin, is pleuri-potent and has a propensity to convert or reform 

appendages, and regular epidermis.  This may explain why the basal cell carcinoma 

evolved through apparently uninvolved non-sun exposed tissue of the thighs, due to 

microscopic elements of ectodermis/epidermal structures not removed in the initial 

surgery. 

One male patient of Irish decent has previously had over one hundred basal cell 
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epitheliomas excised. 

The other patients had multiple tumors excised, were over age 65, and experienced 

regular development of new basal cell epitheliomas. 

All patients were considered compliant and concerned, and agreed to this treatment 

evaluation. 

At the end of six months, there was a marked decrease in the appearance of new lesions, 

including the basal cell nevus syndrome patient.  Numerous small lesions, believed to be 

emerging basal cell epitheliomas, disappeared.  The initial interpretation is that an 

immune response was excited by the singlet oxygen treatment of a few selected basal cell 

epitheliomas. 

Lesions were evaluated by at least two clinicians (M.D.s).  Lesions clinically deemed to 

be basal cell carcinoma were measured, photographed and cleaned with topical 

disinfecting agents.  Lesions were anesthetized with 3% carbacaine, which was infiltrated 

utilizing a 25 gauge needle and a 3 cc. tuberculin syringe.  Following adequate time for 

the anesthetic agents to take effect, the lesions were infiltrated sequentially with varying 

quantities of 6% sodium hypochlorite (NaOCl)  and 3% hydrogen peroxide H2O2 

(pharmaceutical grade), utilizing a 25 gauge needle and a 1 cc tuberculin syringe.  

Infiltration of reagents was performed such that the entire lesion was visually complete 

for the entire surface of the lesion.  Lesions were then appropriately cleaned and covered 

with a sterile bandage.   Patients were followed weekly or bi-weekly with photographs 

and clinical notes regarding the progressive condition of the lesions.  Patients were 

followed until the eschar sloughed off and the underlying area healed with new 

epithelium.  Biopsies, for pathological evaluation, were taken at varying times during the 

clinical course following clinical healing.  
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Results 

Patient 
Number 

Patient 
Code 

Age Sex Lesion Lesion 
Description 

Lesion 
Result 

Misc. 
Notes 

Dates  

 #1 QA1 52 M Distal ® 
arm 

0.6 cm U    S Reinjected 
later 

3/29/04 STSG 

 QB1   Middle ® 
arm 

0.8 cm U Left alone 3/29/04 Atop  scar 

 QD1   Proximal ® 
arm 

1.2 cm S Deep 3/29/04  

 QE1   ® arm 
posterior 

0.9 cm S  4/26/04  

 QF1   (L) Wrist 1.0 cm   4/26/04  

 QG1   ® UOQ 
ABD 

3.0 cm  Bx taken 6/7/04 2nd reinj 
8/2/04 

 #2 RA1 56 M (L) lower 
arm 

0.8 cm Unknown Swelling 3/29/04 No show 

 RB1   ® hand 0.5 cm Unknown Swelling 3/29/04 No show 

 #3 SA1 67 M (L) clavical 0.7 cm S None 3/29/04  

 SB1   ® temple 0.8 S None 3/29/04  

 SC1  0.7 cm   Occiput  4/26/04  

 #4 TA1 82 M  P-(L) ear 1.7 cm S Widespread 4/19/04  

 TB1   Below (L) 
earlobe 

0.5 cm S U S  4/26/04 Atop scar 
Farber 
removed 
lesion  
5/31/04 

 TC1   (L) 
supraorbital 

0.9 cm  S  4/26/04  

 #5 UA1 79 M (L) wrist 1.2 cm S  5/3/04  

 #6 VA1 82 M (L) lower 
arm 

1.0 cm S  5/10/04  

 VB1   ® hand 
dorsum 

1.0 cm S  5/10/04  

 #7 WA1 60 M ® clavical 0.5 , 0.4 
cm 

S  5/10/04 2 lesions in 
same area 

 WB1   (L) deltoid 0.8 cm S  5/10/04  

 #8 RMHA1 60 M (L) temple 0.6 cm S  5/18/04 Severe pain 

 #9 XA1 77 M ® arm 
distal 

0.8 cm U Bx taken 5/31/04 Stitched  

 XB1   Bx taken ® middle 
arm 

1.0 cm U 5/31/04 stitched 

 XD1   ® p 
auricular 

0.8 cm S  6/7/04  
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As of 6/7/04, I have treated 23 lesions on 9 patients, 2 unsatisfactory results, 1 unsatisfactory was converted 
to satisfactory by re-injection, 2 unknowns were lost to follow-up.  That’s a 95.45% satisfactory rate. 
 
Note:  Path identity of lesion XB is unknown or uncertain - it could be either squamous cell CA insitu or 
actinic keratosis. 
 
Revised:  11/14/04 
 
Total of nine patients. 

 Fifteen satisfactory results with first injection 

 One unsatisfactory result and one which later converted to satisfactory. 

 One satisfactory which later converted to unsatisfactory. 

One patient lost to follow up but he reported swelling at the injection sites. 

One patient did not return after the injection of his third lesion.  

 Twenty separate lesions injected.   
 

Discussion 

Photodynamic therapy (PDT), which is believed to proceed via a Type II 
singlet oxygen generating reaction, is presently showing considerable promise as a 
tumoricidal modality in studies worldwide.  However, PDT also has some undesirable 
side effects and limitations as to the size, location and accessibility of the lesions being 
treated.  Additionally, ideal high quantum yield photosensitizers and light activating 
characteristics have yet to be determined, even though hundreds of potential compounds 
are currently being tested in combination with multitudes of differing light sources which 
can produce wide variations in light properties for photosensitizer activation.  
 
 The photodynamic phenomenon was first observed by Raab in 1900 when he 

observed that acridine orange dye required that it be exposed to light to be lethal to 

paramecia, whereas if not exposed to light, it was harmless (Raab, C., Uber die wirkung 

fluoreszirenden Stoffe auf Infusoria. Z Biol 1900;39:524-526.). Tappeiner and Jodlebauer 

coined the term “photodynamic” reaction for a biologic system that required oxygen, a 

light absorbing sensitizer and light (Tappeiner, H. and Jodlebauer, A., Kie 

Sensibilizierende Wirkung Fluorescierender Substanzen.  Leipzig: FCW Vogel, 1907.).  

PDT has been used to treat a wide range of cutaneous neoplasms and non-cancerous 

lesions including squamous cell carcinoma, Bowen’s disease, basal cell carcinoma, 

melanoma, Kaposi’s sarcoma, cutaneous T cell lymphoma, cutaneous metastases, 

keratoses, psoriasis and verrucoid lesions.  With the advent of fiber optics and with 

improved subsequent generations of chromophores, PDT has been used to treat head and 
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neck malignancies, central nervous system cancers, esophageal and gastrointestinal 

tumors, ocular malignancies, gynecologic cancers and bladder tumors. 

 PDT has been limited by tissue absorbance and scatter of light, poor light 

penetration of tissue, low quantum yield of  photosensitizers, inaccessibility of lesions, 

less than optimal uptake of chromophores by tumors, prolonged cutaneous 

photosensitivity and low intra-lesional levels of oxygen.  The dependence of PDT on 

oxygen is well known (Freitas, I. and Baronzio, G.F.  Tumor hypoxia, reoxygenation and 

oxygenation strategies, possible role in photodynamic therapy.  J Photochem Photobiol B 

1991; 11:3-30.) and cells under anoxic conditions will not be killed.  PDT requires 

oxygen levels of 15 to 35 mmHg due to differing sensitivities for different cell lines and 

the production of singlet oxygen (Henderson, B.W. and Fingar, V.H. Relationship of 

tumor hypoxia and response to photodynamic therapy treatment in an experimental 

mouse tumor.  Cancer Res 1987; 47:3110-4.) (Chapman, J.D., Stobbe, C.C., Amfield, 

M.R., Santus, R., Lee, L. and McPhee, M.S.  Oxygen dependency of tumor cell killing in 

vitro by light-activated Photofrin II.  Radiat Res 1991; 126:73-79.).   

 Under in vivo conditions PDT appears to be self-limiting, due to the rapidity with 

which it consumes ground state oxygen and utilization of prodrugs such as 

aminolevulinic acid may further accentuate this problem because conversion of the 

prodrug to the active photosensitizer appears to be less effective under hypoxic 

conditions. The hydrogen peroxide/sodium hypochlorite singlet oxygen generating 

system completely eliminates the problem of oxygen availability.   

  In 1993, after 25 years of preclinical and clinical studies, PDT using 

commercially available Photofrin received regulatory approval in Canada, The 

Netherlands, France, Germany, Japan and the United States of America for use in patients 

with early and advanced stage cancer of the lung, digestive tract and genitourinary tract 

(Dougherty, T.J., Gomer, C.J., Henderson, B.W., Jori, G., Kessel, D., Korbelik, M., 

Moan, J. and Peng, Q. Photodynamic Therapy. J. Natl. Cancer Inst. 1998, 90:889-905.).  

Using a variety of second-generation photosensitizers, PDT is showing promise in 

treating malignancies of the esophagus, bronchus, brain, peritoneal cavity, skin, bladder, 

and head and neck, as well as in treating non-cancerous disorders such as age-related 

macular degeneration and psoriasis (Ferrario, A.,  von Tichl, K., Wong, S., Luna, M. and 
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Gomer, C.J. Cyclooxygenase-2 inhibitor treatment enhances photodynamic therapy-

mediated tumor response.  Cancer Research, 2002, 62(14):3956-3962.)  (Schmidt-

Erfurth, U., Miller, J.W. and Sickenberg, M. Photodynamic therapy with verteporfin for 

Choroidal neovascularization caused by age-related macular degeneration: results of 

pretreatments in a phase 1 and 2 study.  Arch. Ophthalmol., 1999, 117:1177-1178.). 

 Photodynamic therapy (PDT) is based on light-induced excitation of a 

pharmacologically inactive photosensitizing dye (chromophores) which is generally 

believed to proceed through a Type II reaction for the generation of tumoricidal 

electronically excited singlet molecular oxygen (1 delta g).   It was believed that singlet 

oxygen, which could be generated by the physiological agents of hydrogen peroxide and 

sodium hypochlorite, would similarly have tumoricidal activity.  We believe that we have 

presented a unique, orthomolecular tumoricidal method, which could have applicability 

to the control and/or eradication of a wide range of tumors and neoplastic cellular types.   

We believe that this orthomolecular technique averts many of the limitations of PDT such 

as limited penetration of light into the lesion, use of fiber optics, use of lasers and their 

associated hazards and expense and prolonged skin photosensitivity.  
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9.7.2   Tumoricidal Activity of the Howes Singlet Oxygen Cancer Therapy System:  
Human Squamous Cell Carcinoma in Athymic Mice 
 
 
 

Tumoricidal Activity of An Injectable Singlet Oxygen  
          System Generated From Physiological Agents  

(The Howes Singlet Oxygen Cancer Therapy System) 
Randolph M. Howes, M.D., Ph.D.* 

 
 
ABSTRACT 
 
 Howes has proposed that physiological oxidant systems may offer a method of 
 
orthomolecular singlet oxygen delivery that would have tumoricidal activity, similar to  
 
photodynamic therapy, but without the limitations of conventional cancer therapy  
 
regimens.    
 

In the present study, a total of fifty-eight mice inoculated with squamous cell 

carcinoma tumors were placed in three experimental groups.  The groups consisted of 

mice treated with either PBS (n=13), a low dose of sodium hypochlorite (NaOC1) and 

(H2O2) (n = 23) or a high dose (n=22) of NaOC1 and H2O2.  For each treatment group the 

tumor growth rate was determined.  For the control (PBS) group, tumors grew at a faster 

rate than the other two groups.  The rate of growth after four weeks of treatment was 

significantly lower for the high dose NaOC1and H2O2 treated group compared to the PBS 

group (p > 0.001).  18.2% of the tumors in the high dose treatment group decreased in 

volume and 22.7% of the tumors disappeared completely. 

  The survival rate after the first four weeks of treatment was 100% in the high dose 

group, 68% in the low dose group, and 16.7% in the group receiving PBS.  The results 

provide evidence that using an in situ chemical singlet oxygen generating system, which 

is composed of physiological agents, has considerable inhibitory activity against human 

squamous cell carcinoma tumors in mice.  On the basis of these studies, we concluded 

that this non-radicallic injectable system for singlet oxygen delivery possesses marked 

selective anti-neoplastic capability. 
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INTRODUCTION 
 
  
 Currently, cancer therapies utilizing chemotherapy and irradiation have limited 

 

 

 

 
effectiveness and can be associated with a wide array of harmful side effects, recurrences, 
 
secondary cancers, and collateral damage to healthy cells thereby necessitating  trials of 
 
new and creative biochemical tumoricidal strategies (Gilde K.  Magy Onkol 2003; 
 
47(1):3-11.).  We are presenting preliminary results on one such approach.  
 
 Photodynamic therapy (PDT), which is believed to proceed via a Type II 
 
singlet oxygen generating reaction, is presently showing considerable promise as a 
 
tumoricidal modality in studies worldwide.  However, PDT also has some undesirable 
 
side effects and limitations as to the size, location and accessibility of the lesions being 
 
treated.  Additionally, ideal high quantum yield photosensitizers and light activating 

characteristics have yet to be determined, even though hundreds of potential compounds 

are currently being tested in combination with multitudes of differing light sources which 
 
can produce wide variations in light properties for photosensitizer activation.  

 Singlet oxygen (1O2) is known to be a product of a variety of reactions  (1).  

Pioneering work by Howes and Steele on microsomal lipid peroxidation (Howes, R. M. 

and Steele, R. H., Microsomal chemiluminescence induced by NADPH and its relation to 

lipid peroxidation,  Res. Commun. Chem. Path. Pharmacol., July-Sept. 1971, 2; 4 & 

5:619-626.) and aryl-hydroxylations (Howes, R.M. and Steele, R.H., Microsomal 

chemiluminescence induced by NADPH and its relation to aryl-hydroxylations, Res 

Commun. Chem. Path. Pharmacol., March 1972, 3; 2:349-357.) demonstrated evidence 

for the generation and participation of electronic excitation states, namely singlet oxygen. 

This was the first demonstration of a functional generation of an electronic excitation 

state, exclusive of vision, in mammalian systems.  Their proposal, that singlet oxygen is 

the identity of the long sought out “active oxygen” acting on the cytochrome P 450 

microsomal mixed function oxidases,  has recently been supported by the work of Yasui 
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et al (Yasui, H., Deo, K., Ogura,.Y., Yoshida, H., Shiraga, T., Kagayama, A. and Sakurai, 

H., Evidence for singlet oxygen involvement in rat and human cytochrome P450-

dependent substrate oxidations, Drug Metab. Pharmacokin. 2002, 17 (5): 416-426.).  

 While studying widely divergent biological electronic excitation generating 

systems, such as the microsomal mixed function oxidases, the neutrophil respiratory burst 

(Howes, R. M., Allen, R.C., Su, C.T. and Hoopes, J.E., Altered polymorphonuclear 

leukocyte bioenergetics in patients with thermal injury, the Surgical Forum, 1976, 

27:558-560.) and proline hydroxylation for collagen biosynthesis, one of our 

investigators (Howes) believed that these oxidative systems shared a point of 

convergence, expressed in the Howes Excytomer Pathway, involving superoxide anion 

and electronically excited singlet oxygen (Howes, R.M., Steele, R.H. and Hoopes, J.E., 

The role of Electronic excitation states in collagen biosynthesis, Persp. In Biol. And 

Med., Summer 1977, 20; 4:539-544.).   Furthermore, Howes saw an additional 

commonality with generation of singlet oxygen produced by the steady-state 

physiological oxidative reagents containing an organic peroxide and the salt of 

hypohalous acid (Howes, R.M., Steele, R.H. and Hoopes, J.E., Peroxide induced 

Chemiluminescence in an in vitro proline hydroxylation system, 1976, 8; 1:77-84.). 

Subsequently, Howes reasoned that the peroxide/hypochlorite oxidative system may 

represent an ideal method of singlet oxygen delivery for effectively treating premalignant 

and malignant lesions, while simultaneously eliminating many of the drawbacks 

associated, not only with PDT, but with all other conventional methods of cancer therapy. 

The peroxide/hypochlorite oxidative system has been shown to generate singlet oxygen 

exclusively, as opposed to hydroperoxide/hypochlorite systems which have been shown 

to produce peroxyl and alkoxyl radicals (Noguchi, N., Nakad, A., Itoh, Y., Watanabe, A. 

and Niki, E.  Formation of active oxygen species and lipid peroxidation induced by 

hypochlorite.  2002, Arch Biochem Biophys. 397; 2:440-447.).  

 

 The photodynamic phenomenon was first observed by Raab in 1900 when he 

observed that acridine orange dye required that it be exposed to light to be lethal to 

paramecia, whereas if not exposed to light, it was harmless (Raab, C., Uber die wirkung 

fluoreszirenden Stoffe auf Infusoria. Z Biol 1900;39:524-526.). Tappeiner and Jodlebauer 

Page 892 of 931 



coined the term “photodynamic” reaction for a biologic system that required oxygen, a 

light absorbing sensitizer and light (Tappeiner, H. and Jodlebauer, A., Kie 

Sensibilizierende Wirkung Fluorescierender Substanzen.  Leipzig: FCW Vogel, 1907.).  

PDT has been used to treat a wide range of cutaneous neoplasms and non-cancerous 

lesions including squamous cell carcinoma, Bowen’s disease, basal cell carcinoma, 

melanoma, Kaposi’s sarcoma, cutaneous T cell lymphoma, cutaneous metastases, 

keratoses, psoriasis and verrucoid lesions.  With the advent of fiber optics and with 

improved subsequent generations of chromophores, PDT has been used to treat head and 

neck malignancies, central nervous system cancers, esophageal and gastrointestinal 

tumors, ocular malignancies, gynecologic cancers and bladder tumors. 

 

 PDT has been limited by tissue absorbance and scatter of light, poor light 

penetration of tissue, low quantum yield of  photosensitizers, inaccessibility of lesions, 

less than optimal uptake of chromophores by tumors,  prolonged cutaneous 

photosensitivity and low intra-lesional levels of oxygen.  The dependence of PDT on 

oxygen is well known (Freitas, I. and Baronzio, G.F.  Tumor hypoxia, reoxygenation and 

oxygenation strategies, possible role in photodynamic therapy.  J Photochem Photobiol B 

1991; 11:3-30.) and cells under anoxic conditions will not be killed.  PDT requires 

oxygen levels of 15 to 35 mmHg due to differing sensitivities for different cell lines and 

the production of singlet oxygen (Henderson, B.W. and Fingar, V.H. Relationship of 

tumor hypoxia and response to photodynamic therapy treatment in an experimental 

mouse tumor.  Cancer Res 1987; 47:3110-4.) (Chapman, J.D., Stobbe, C.C., Amfield, 

M.R., Santus, R., Lee, L. and McPhee, M.S.  Oxygen dependency of tumor cell killing in 

vitro by light-activated Photofrin II.  Radiat Res 1991; 126:73-79.).   

 

 Under in vivo conditions PDT appears to be self-limiting, due to the rapidity with 

which it consumes ground state oxygen and utilization of prodrugs such as 

aminolevulinic acid may further accentuate this problem because conversion of the 

prodrug to the active photosensitizer appears to be less effective under hypoxic 

conditions. The hydrogen peroxide/sodium hypochlorite singlet oxygen generating 

system completely eliminates the problem of oxygen availability.   
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 Singlet oxygen was proposed in 1939 as a possible intermediate in photodynamic 

therapy (PDT) (2-3).  The investigation of the red chemiluminescence which 

accompanies the decomposition of hydrogen peroxide (H2O2) in the presence of sodium 

hypochlorite (NaOC1) reveals two emission bands.  Since the spacing between these 

bands closely matched space between vibrational levels of ground state molecular oxygen 

(1567 cm –1), it was suggested that the emission was from electronic excited oxygen 

molecules (3).  Foote and Wexler as cited by Kearns (3) demonstrated that the H2O2 and 

NaOC1 system generates the same oxygenating reagents as those obtained by sensitized 

photooxygenation.  On this basis it has been recognized that 1O2 is involved in PDT.  

Thus, a photosensitizer exposed to light is followed by 1O2 generation which is generally 

believed to be the active molecule against tumor cells.  Once the biological significance 

of 1O2 was realized, investigations were conducted toward discovering new producers (by 

“light” and “dark” reactions), new detection procedures, new quenching and enhancing 

compounds for 1O2 were used in vitro and in vivo (4-17).   

 The first successful application to a cellular system was performed in 1974 by Ito 

(2) with yeast cells.  DiMascio et al (1) using a mammalian SV40 based shuttle vector 

demonstrated that 1O2 is highly reactive with DNA generating lesions that are ultimately 

mutagenic in bacteria and mammalian cells.  Dahl (18) confirmed the lethal activity of 
1O2 on mammalian cells.  Tirrell et al (19) provided evidence that 1O2  is involved in the 

lethal action on a cultured fibroblast population.  Mello Filho et al implicated H2O2 in 

single strand breaks in human fibroblast (20).  Kochevar et al (21) using a human 

promyelocytic leukemia cell line found that 1O2 but not Rose Bengal radicals induced 

nuclear condensation and DNA fragmentation into nucleosome size in a dose dependent 

manner.  Medina et al (22) for the first time in cultured human cortical neurons obtained 

DNA fragmentation using the specific compounds, TNF∀, dopamine,  ∃-amyloid peptide 

1-42, and H2O2 also inhibited the process by addition of antioxidants.  The DNA 

fragmentation by these substances was preceded by a decrease of the mitochondrial 

membrane potential (22). Henderson et al (23,24) in vitro and with experimental mouse 

tumors demonstrated the oxygen dependence of PDT. 

 Weishaupt et al (25) demonstrated the cytotoxic activity of 1O2 on experimental 

tumors and observed that the tumor response to PDT is characterized by initial damage of 
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tumor vasculature and subsequent necrosis of tumor cells. Fingar et al (26) using rats and 

mice observed that tumor destruction following PDT is a consequence of specific damage 

induced by reactive oxygen species (ROS), and resulted in both direct tumor cell death 

and blood vessel stasis (vessel constriction and platelet aggregation), the so called 

vascular shut down (VSD).  Takahashi confirmed that monocytes are activated by 1O2 

and superoxide anion radicals and these ROS are involved in the VSD effect during PDT 

(27).  Studies with nuclear magnetic resonance imaging using in situ fluorine have 

demonstrated that damage to the tumor vasculature occurs prior to the tumor necrosis 

(17).  It has also been demonstrated that increased coagulation associated with injury to 

the endothelium results in cell agglutination and thrombus formation (28). 

 

 At the cellular level, the mechanism involved in cell killing may be related to 

damage of mitochondria and induction of apoptosis.  It is believed that 1O2 and other 

ROS in higher doses cause necrosis and at lower doses induce apoptosis (29).  It has been 

reported that 1O2 fulfills essential prerequisites for a genotoxic substance that can be 

generated inside the cells and produces predominantly modified guanine residues (30). 

  In 1993, after 25 years of preclinical and clinical studies, PDT using 

commercially available Photofrin received regulatory approval in Canada, The 

Netherlands, France, Germany, Japan and the United States of America for use in patients 

with early and advanced stage cancer of the lung, digestive tract and genitourinary tract 

(Dougherty, T.J., Gomer, C.J., Henderson, B.W., Jori, G., Kessel, D., Korbelik, M., 

Moan, J. and Peng, Q. Photodynamic Therapy. J. Natl. Cancer Inst. 1998, 90:889-905.).  

Using a variety of second-generation photosensitizers, PDT is showing promise in 

treating malignancies of the esophagus, bronchus, brain, peritoneal cavity, skin, bladder, 

and head and neck, as well as in treating non-cancerous disorders such as age-related 

macular degeneration and psoriasis (Ferrario, A.,  von Tichl, K., Wong, S., Luna, M. and 

Gomer, C.J. Cyclooxygenase-2 inhibitor treatment enhances photodynamic therapy-

mediated tumor response.  Cancer Research, 2002, 62(14):3956-3962.)  (Schmidt-

Erfurth, U., Miller, J.W. and Sickenberg, M. Photodynamic therapy with verteporfin for 

Choroidal neovascularization caused by age-related macular degeneration: results of 

pretreatments in a phase 1 and 2 study.  Arch. Ophthalmol., 1999, 117:1177-1178.). 
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 The use of PDT in human cancer in the United States remains linked to research 

protocols (31).  Potential applications include carcinoma in situ (CIS), early stage 

carcinoma in nonsurigcal candidates, advanced lung cancer, and tumor metastatic to the 

lung.  Edell and Cortese (32) obtained encouraging results using PDT in CIS especially in 

small tumors (less than 2 cms) in the early stages of growth. 

 All these data emphasize the participation of 1O2 as a major factor in the active 

process against cancer cells and that PDT efficiency is dependent on oxygen availability 

at the tumor site (31).   

 One can hypothesize that 1O2 alone, selectively generated in diseased tissue, can 

behave as a therapeutic agent (33), particularly if the tissue is tumorous or neoplastic in 

nature and obviate the problems associated with PDT.  In this case the PDT method that 

requires the need of a sensitizer and the light source as 1O2 producer can be replaced with 

a compound injected in situ (tumor) that will generate 1O2.  This hypothesis which was 

proposed by Howes (Provisional Patent Application Serial No. 60/262,635) and which 

involves the direct injection into the tumor of NaOC1 and H2O2 as generators of 1O2, was 

tested with a human squamous cell carcinoma that was grown in athymic mice. 

 

MATERIALS AND METHODS 

Animals:

Experiments were carried out using Charles River (Wilmington, MA) female 

athymic mice 5-6 weeks old, 20-25 g body weight.  The mice were housed 5 per cage in 

isolation and had free access to autoclaved food and sterile water. 

Cells: 

SEC-15 human squamous tongue carcinoma cells obtained from ATCC (CRL-

1623) were cultured in DMEM-F12 medium supplemented with 10% fetal bovine serum, 

hydro-cortisone 400 ng/ml and antibiotics.  The cultures were incubated at 37oC in a 

humidified  CO2 in air atmosphere. 

Chemicals and Reagents: 

 Matrigel basement membrane was purchased from BD Biosciences (Bedford, 

MA), sodium hypochlorite (NaOC1) solution with a minimum 4% available chlorine was 

obtained from Aldrich Chemical Co., Inc.  (Milwaukee, WI, USA), Hydrogen peroxide 
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(H202) 3% (W/W) solution was obtained from Sigma Chemical Co. (St. Louis, MO), 

Dulbeco’s phosphate-buffered saline (PBS) was obtained from Gibco Invitrogen Corp 

(Grand Island, NY, USA), (Isoflurane) was obtained from Baxter Products, Inc. 

(Deerfield, IL), Formalin solution 10% neutral buffered was purchased from Sigma 

Chemical Co. (St. Louis, MO), Latex free syringes (1 ml, 25G/5/8 inch) were purchased 

from Beckton Dickinson (Franklin Lakes, NJ). 

Procedures:

 An electronic digital scale was used for the animals’ weight control. An electronic 

digital caliper was used for volume measurements. 

Anesthesia:

 Before cell implantation and injections with PBS or NaOC1 + H202, mice were  

anesthetized by inhalation with isoflurane 2.25% in oxygen for 2 minutes. 

Tumor Preparation:

 Each animal was implanted in the right flank with a mixture of 0.1 ml. cell 

suspension (2 to 3 x 106 cells) and 0.1 ml of matrigel, 4oC using a 23 G needle. 

Treatment Procedure:

 After the tumors reached a volume of 0.2-0.5 cm3, the mice were randomly 

assigned to three treatment groups: 

1. 

2. 

3. 

Control group (n = 13) treated with 0.1ml PBS/injection 

Low dose group (n = 23) treated with 0.05 ml of NaOC1 solution (2.66%) 

followed by 0.05 ml +  H202 solution (1.22%) 

High dose group (n = 22) treated with 0.05 ml of NaOC1 solution (6.5%) 

followed by 0.05 H202 ml solution (3%). 

The NaOC1 and H202 solutions were loaded in separate syringes and injected 

through the 

same needle in the central interior side of the tumor, twice a week. 

Determination of Tumor Growth:

 Tumor volumes and animal weight were measured weekly.  Animals were 

euthanized by 1O2 when tumor growth caused an observable impact on animal health.  A 

necropsy was performed on all of the mice.  Tumor tissue and organs were stored in 10% 

formalin. 
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Tissue Preparation for Histological Examination:

 Slides were prepared for histological examination, --(Add to methods).   

Statistical Analysis:

 To determine the slope for the rate of growth and the correlation coefficient r 

linear regression analysis was performed.  P values for the difference between the slopes 

was attained by testing the null hypothesis that regressions are coincident as described by 

Glantz (34 ).    

 

RESULTS 

A total of 58 mice were inoculated with human squamous carcinoma cells and 

randomly assigned to three groups which were treated either with PBS (n=13), a low dose 

of Naoc1 and    

H202  (n=23) or a high dose of NaOCl and H202  (n-22). For each group the tumor size 

was  measured over time (rate of growth).  

 

PBS Treated Control Animals:  

  For the group treated with PBS the mean tumor volume before treatment was 

0.379 cm3. After an average of 4.5 weeks of treatment, twelve mice had an increased 

tumor volume (92.3%).  The final tumor volumes at the time the animals were sacrificed 

were between 2.05 and 4.55 cm3.  A typical tumor seen in the PBS treatment group is 

shown in Figure 1.  The mean rate of tumor growth as determined by the slope of the 

linear regression line for the four weeks after the beginning of treatment was 0.5700 

cm3/week and the growth was highly linear with an r value of 0.9914 (Table 2). 

 The weekly mean tumor volume (SD) increased from 0.4093 (.103) to 2.575 

(1.169) for the period from when treatment with PBS was initiated to 4 weeks later.  The 

majority of the mice (n=8) were euthanized at this time because of the large tumor size.  

There was one mouse in this treatment group that exhibited a decreased tumor size.  The 

percentage of animals in which tumor growth was observed that did not require 

euthanasia due to excessive tumor mass between weeks 5 and 9 was 16.7 for the PBS 

treatment group.   
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Mice Treated  With Low Dose NaOCl PLUS H2O2: 

The mean tumor volume before treatment for the group to be administered a low 

dose of NaOCl and H2O2 was 0.323 cm3.  After an average of 6.9 weeks of treatment, 

nineteen mice (86.6%) had an increase in tumor volume.  The final volume of the tumors 

varied between 0.961 and 4.82 cm3. 

 The mean rate of tumor growth for the first four weeks after the start of low dose 

NaOC1 and H202 treatment was 0.381 cm3 and the r value for the growth curve was 

0.9645.  The same analysis performed out to week six gave a 0.355 cm3/week rate of 

growth and the r value was 0.9439 (Table 2).  The mean tumor volume increased from 

0.316 cm3 (.143) at the point of initiation of treatment to 1.856 cm3 (1.36) at week four 

and 1.961 cm3 (1.46) at week six after treatment had started.  Fifteen of twenty-three 

mice were euthanized between the fourth and seventh week after starting treatment, as a 

result of a large tumor burden.  Four mice (17.4%) had decreased tumor size in this 

treatment group.  The average tumor volume before treatment was 0.249 cm3 and for the 

surviving mice the average was 0.116 cm3 after 7.25 weeks of treatment.  The percentage 

of all low dose treated animals that were not euthanized as a function of time was 68 in 

weeks five, 47.0 in week six, and 21.0 in week 9. 

 

Mice Treated with High Dose NaOCl plus H2O2: 

 There were 22 mice receiving a high dose of NaOC1 and H2O2.  In this treatment 

group, thirteen mice exhibited increased tumor volume after treatment.  Four mice had 

reduced tumor volume after treatment (18.2%), and five mice had a complete 

disappearance of the tumor (22.7%). 

 The mean tumor volume for the mice in the high dose treatment group in which 

the tumor volume increased before treatment was 0.352 cm3 after an average of 9.5 

weeks of treatment the mean final volume of tumor was 2.756 cm3.  For this same 

subgroup the mean rate of tumor growth for the first four weeks of treatment was 0.228 

cm3/week and the r value for the strength of association was .976 3 (Table 2).  The initial 

tumor volume before treatment was 0.378 cm3 (0.1994) and increased to 1.252 cm3 

(1.507) after four weeks of treatment for the subgroup of mice that experienced tumor 

enlargement during the course of high dose treatment (SD).  The percentage of animals in 
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this subgroup that were not euthanized was 100 after five weeks of treatment, 61.5 after 

week six, and 53.5 in week nine.  Seven mice in this group exhibited skin necrosis as a 

result of the high dose treatment.  For the subgroup within the high treatment group in 

which tumors disappeared, the mean tumor volume before treatment was 0.200 cm3.  

After 11.3 weeks of treatment, the mean tumor volume was 0.085 cm3.  This volume size 

was due to local inflammation.  After necropsy the histological evaluation found no 

malignant cells.  (See pathology findings below.)  The mean tumor volume for this high 

dose treatment subgroup that experienced decreased tumor volume before treatment was 

0.355 cm3 varying between 0.147 and 0.599 cm3.  After 14.25 weeks of treatment, the 

mean volume of the tumor decreased to an average of volume of 0.109 cm3.  All of mice 

in which tumors disappeared survived until the end of the experiment.  For the four 

animals that had decreased tumor volume in the lower dose treatment group and the nine 

mice from the high dose group, a comparison of the negative growth slopes indicated no 

significant difference in the magnitude of the slopes (Table 4). 

 

 Photodynamic therapy (PDT) is based on light-induced excitation of a 

pharmacologically inactive photosensitizing dye (chromophores) which is generally 

believed to proceed through a Type II reaction for the generation of tumoricidal 

electronically excited singlet molecular oxygen (1 delta g).   It was believed that singlet 

oxygen, which could be generated by the physiological agents of hydrogen peroxide and 

sodium hypochlorite, would similarly have tumoricidal activity.  We believe that we have 

presented a unique, orthomolecular tumoricidal method, which could have applicability 

to the control and/or eradication of a wide range of tumors and neoplastic cellular types.   

  We have presented evidence that the rate of tumor growth was decreased as a 

result of direct treatment of the tumor mass with reagents that generate singlet oxygen.  

Treatment with NaOC1 and H2O2 directly into the tumor also resulted, in some cases in 

the destruction of tumor mass.  The inhibition of the rate of tumor growth and decline in 

tumor volume were concentration dependent, indicating that the effects were the direct 

result of the injected singlet oxygen generating system since this research model has very 

few variables.  In addition, at the highest concentration, approximately 20% of the 

squamous cell carcinomas were completely eliminated.  This finding is of particular 
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interest, since it indicates that the treatment modality tested in these experiments has the 

capability of destroying a localized squamous cell carcinoma.  Refining the dose and the 

reagent delivery system should increase the effectiveness of this treatment modality.  The 

delivery of NaOC1 and H2O2 simultaneously from a two barrel syringe apparatus with a 

small mixing chamber installed just distal to a needle that has been inserted into the 

central tumor mass could increase the efficiency of tumor destruction.  Further 

refinements could involve accurately placing the tip of the needle at different depths 

within the tumor.  A theoretical ideal end point of injection may be the dispersal of the 

singlet oxygen generating reagents uniformly throughout the targeted lesion, tumorous or 

neoplastic tissue which is being treated.  Treatment scheduling can be refined by 

determining the optimum number of injections required and the best time duration 

between treatments.  Repeat treatments can be performed on an as needed basis with less 

anticipation of problems as is seen with current chemotherapy and irradiation treatment.  

The fact that 20% of all of the tumors treated by what has been designated in this study as 

“high dose” were completely destroyed, is very indicative of the possibilities and the 

clinical potential for this local and direct treatment regimen. 

 This type of treatment is not administered systemically and thus reduces concerns 

about toxicity noted with conventional chemotherapy or the systemic effects of 

irradiation.  The negative effects noted on the immune system for conventional therapy 

should not apply for this local treatment.  We believe that this orthomolecular technique 

averts many of the limitations of PDT such as limited penetration of light into the lesion, 

use of fiber optics, use of lasers and their associated hazards and expense and prolonged 

skin photosensitivity.  

 It should be noted from the histological examination of the tumor, that this human 

squamous cell carcinoma was invasive as evidenced by entry of malignant cells into the 

capillary system in and around the tumor.  The mice treated with the high dose of 

reagents, that survived for a long period of time, did not exhibit metastasis to distant 

organs.  It was not possible to study metastasis in the PBS treated animals, since tumor 

growth was very rapid necessitating sacrifice of the mice for reasons of animal welfare. 

 These studies present a feasible and potent modality for treating surface invasive 

tumors in humans or theoretically, for treating any lesions, tumors or neoplasms which 
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are amenable to currently established injection techniques.  Further studies are required to 

increase the efficiency of treatment, either by improved methods and materials used for 

injection or by varying the concentrations of the respective reagents or by their chemical 

modifications.  Most importantly, the ability to totally destroy a human squamous cell 

carcinoma by local treatment has been demonstrated. 

 

 

TABLE 1:  SUMMARY OF TUMOR VOLUMES 

________________________________________________________________________ 

    % of 

Mice 

          Absolute Tumor     Tumor Volume            with 

Decrease-Treatment  # of Mice      Volume Increases  Decreases 

 ed Size 

 

PBS       13             12       1      7.7 

Low Dose      23     19       4    17.4 

High Dose      22   13        9*    40.9 

________________________________________________________________________ 

*Five tumors by histological criteria were totally destroyed  (no evidence of malignant 

cells). 
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TABLE 2:  MEAN RATE OF INCREASE OF TUMOR VOLUME FOR EACH 

TREATMENT GROUP 

(LINEAR REGRESSION: SLOPE AND r VALUE) 

ANIMALS IN WHICH TUMOR VOLUME DECREASED ARE NOT  

INCLUDED IN THE ANALYSIS 

 

________________________________________________________________________ 

  Rate of Tumor Growth

 Correlation  

   # of Mice at Baseline  Cu Cm/Week    

Treatment  (0 Week)   Slope of Regression Line  

PBS*    12         0.5700      

0.9914 

Low Dose*   19         0.3805      

0.9645 

Low Dose**   19         0.3554      

0.9439 

High Dose*   13         0.2279      

0.9763 

  

________________________________________________________________________ 

*Regression analysis includes data points from 0 week through 4th week 

**Regression analysis includes data points from 0 week through 6th week 
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TABLE 3:  ANALYSIS OF STATISTICALLY SIGNIFICANT DIFFERENCES  

IN THE RATE OF GROWTH (Slopes) BY TREATMENT GROUP 

4 WEEKS AFTER TUMOR IMPLANTATION 

 

________________________________________________________________________ 

Comparison         Slope     DF T Value    P Value   Direc. 

PBS vs LOW DOSE        0.570 vs 0.3805    6  2.49      = .048*   PBS Greater 

PBS vs HIGH DOSE        0.570 vs 0.228    6  7.15      < 0.001*   PBS Greater 

LOW DOSE vs HIGH DOSE   0.3805 vs 0.228    6  2.58      = .044*   LOW DOSE 

Greater 

________________________________________________________________________ 

*Statistically Significant 
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TABLE 4:  RATE (Slope) OF INHIBITION OF TUMOR VOLUME FOR 

ANIMALS TREATED WITH LOW OR HIGH DOSE* 

________________________________________________________________________ 

Treatment   # of Mice  Slope (CuCm/Week)  r Value 

LOW DOSE*        4          - 0.0210     

0.6827 

HIGH DOSE**       9          - 0.0198     

0.7630 

________________________________________________________________________ 

Slopes not significantly different. 

 

*Analysis based on data collected for four weeks of treatment post maximum tumor 

volume 

**Analysis based on data collected for five weeks of treatment post maximum tumor 

volume 

PBS treatment only one animal had reduced tumor size 
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  Eaton Medical Arts Awards Program, 1977 

  January, 1979 

  Louisiana, July 27, 1979 by Lieutenant Governor  

 Medical Editor, The Ponchatoula Times Newspaper, 1980, 1981 

 Warrant of Appointment, Honorary Captain by the Superintendent  

  Louisiana, July 8,1982 

  May 18, 1982 by Mayor Hart 

 Presented “Key To The City,” and Certificate of Merit by 

1) Public Relations; 2) Program; and  3) Insurance 

                                                     Recipient of Certificate of Achievement in the 19th Annual AMSA 

 Selected as one of the 78 people destined, “To Do Big Things 
  In 1978,” by the New Orleans Magazine, January, 1978 
 Invited to present a series of broadcast on WWL-TV on “Latest 
  Wrinkles in Plastic Surgery” 
 Conferred Board Certification by the American Board of Cosmetic   
  Plastic Surgery, 1979 
 Nominated “Outstanding Young Man,” Ponchatoula Jaycees, 

 Recipient of Honorary Ambassador of Goodwill to the State of 

  James E. Fitzmorris, Jr. 
 Presented “Key To The City,” Ponchatoula, Louisiana, 
  March 20, 1980 
 Patriotism Award, American Law Enforcement Officers  
  Association, May 23, 1980 
 Good Samaritan Award, recognized by the Order of Michael the 
  Arch Angel Police Legion, May 23, 1980 
 Selected by PM Magazine for a personality feature story, New 
  Orleans, Louisiana, June 10, 1980 
 Recipient of a Certificate of Appreciation from the National 
  Association of Chiefs of Police, 1980 

 Selected by PM Magazine for a personality feature story,  
  “Plastic Surgeon By Day, Country Singer By Night,” 
  Nashville, Tennessee, Channel 2, October 2, 1980 
 Columnist, The Ponchatoula Times Newspaper, for “HOWES 
  CALLS,” on Plastic Surgery and ‘CALL ME COUNTRY,” 
  on Country/Western Music Industry, 1980, 1981 
 Police Surgeon, 1980 to present 

  of the Department of Police and the City of New Orleans, 

 Presented “Key To The City,” Pearl River, Louisiana,  

 Presented “Key To The City,” Slidell, Louisiana, 1982 

  Mayor Ernest N. Morial, New Orleans, Louisiana, 
  September 10, 1982 
 National Association of Chiefs of Police, Who’s Who In Law 
  Enforcement, 1983 Edition 
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HONORS & AWARDS 
CONTINUED: Certificate of Appreciation for increasing Community awareness 
  on WTIX Public Affairs Program, Let’s Talk It Over, 
  August 8, 1983 
 Certificate of Commendation, Philippine Medical Association of 
  Hawaii, serving the Aloha Medical Mission,  
  December 21, 1985 
 Plaque of Appreciation, Republic of Philippines, from Jesus C. 
  Azurin, Ministry of Health, Manila, July 18, 1985 
 Appointed “Honorary Economic Development Ambassador,” to 
  the State of Louisiana by the Department of Commerce,  
  October, 1985 
 ARC/Mississippi Award, WRJW-AM, WRMH-FM of Picayune, 
  Mississippi for Outstanding Service, 1986 
 King of Iris, 1987 Mardi Gras Parade, New Orleans, Louisiana 
 Commencement Address Speaker for Graduating Class of  
  Nurses Slidell Louisiana Vocational Technical School, 
  1987 
 Certificate of Recognition, Pendleton Memorial Methodist Hospital 
  and Wellspring in grateful appreciation for outstanding 
  contribution to Patient Education, November 4, 1987 
 Sigma Tau Fraternity Phi Chapter, Alumnus of the Year, 
  Southeastern Louisiana University, 1987 – 1988 
 Certificate of Appreciation, Practical Nursing Class, Slidell 
  Vocational – Technical School for devoted and valuable  
 Profile feature in Southeastern Louisiana University Magazine, 
  “Modern da Vinci in Cowboy Boots,” Summer, 1988 
 Outstanding Alumnus of 1988, Southeastern Louisiana University 
 Elected in Who’s Who of Health and Medical Sciences, 1991 
 Honored in Who’s Who of American Inventors, 1992 
 Appointed “Ambassador of Goodwill,” to the State of Louisiana 
  by Governor Edwin W. Edwards, October 26, 1992 

Recipient of Certificate of Recognition to the State of 
 Massachusetts by Governor William F. Weld, 
 October 29, 1992 
Recipient of Appreciation Award from Arrow International, Inc. 

for Inventing the Multi-Lumen Venous Catheter, a life 
saving device, which has helped millions of critically ill 
patients worldwide, October, 1992 

Recipient of Certificate of Merit from President George H. Bush 

 

 for Commitment to Community Service, February 2, 1993 
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HONORS & AWARDS 
CONTINUED: Presented Certificate of Merit by New Orleans Mayor 
  Sidney Barthelemy, February 9, 1993 
 Presented a Plaque to “DOC RANDOLPH” Howes by The 
  Tracker Magazine for the #2 Independent Christmas 
  Song Release for 1992, entitled, “What Is Christmas 
  Without You” 

  Louisiana, March 13, 1993 

  New Male Vocalist of the Year, April, 1993 

  1993 Independent Awards Show, Opryland Hotel,  

 Winner of the 1993 New Male Vocalist of the Year Award, The 

  Hotel, Nashville, Tennessee, June 11, 1993 

  Day in Honor of Dr. Randolph M. Howes, Country Music 
  Associations of America, Humanitarian of the Year 

  America, Humanitarian Award to Dr. Randolph M. Howes, 

 Recipient of The Presidents National Medal of Patriotism awarded 

 Recipient of Certificate of Merit for the preliminary nomination, 

                                                                       

 Grand Marshal, St. Patrick’s Day Parade, Ponchatoula,  

 1993 Nominee by The Tracker Independent Awards Show for 

 1993 Nominee by The Tracker Independent Awards Show for 
  Single of the Year, entitled, “Fantasies Of You,”  
  April, 1993 
 Inductee, Louisiana Treasures Hall of Fame, April 18, 1993 
 Commendation of House Concurrent Resolution No. 324 by the 
  State of Louisiana, House of Representatives, Regular 
  Session 1993 by Representative Dennis Herbert for many 
  medical, musical, scientific and humanitarian 
  contributions, signed by the Senate President Sammy  
  Nunez and Speaker of the House John Alario, 
  June 3, 1993 
 Winner of the 1993 Humanitarian of the Year Award, The Tracker 

  Nashville, Tennessee, June 11, 1993 

  Tracker 1993 Independent Awards Show, Opryland 

 Presented 1993 Ribbon of Life Award by Ribbon of Life Walk, 
  Las Vegas, Nevada, June 18, 1993 
 Presented A Proclamation by Nevada Governor Honorable 
  Bob Miller, declaring Sunday, October 17, 1993, as A 

 Presented a Plaque by The Country Music Associations of  

  October 17, 1993 

  by the American Hall of Fame, November 10, 1993 

  Male Vocalist Of The Year 1993 – 1994, for the song 
  entitled, “Judy Belle,” by The Nashville Tracker Magazine, 
  March, 1994 
 Recipient of an Appreciation Award plaque by the American 
  Academy of Cosmetic Surgery, March, 1994 
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HONORS & AWARDS 
CONTINUED: 1994 Nomination by The Airplay International’s “King Eagle” 

 Recipient of Dr. Norman Vincent Peale’s America’s Awards  

 Recipient of Proclamation by Louisiana Governor Edwin W. 

  M. Howes’ Day in the State of Louisiana 

  Gordon Burgess, declaring January 31, 1995, as Dr. 

 Recipient of Proclamation by Mayor, City of Hammond, Russell 

  M. Howes’ Day 

  G. Dufreche, declaring January 31, 1995, as Dr. 

 Honored by Southeastern Louisiana University on January 31,  

 Commencement Speaker at Southeastern Louisiana University’s 

 Nominated in Louisiana’s 1995 Entrepreneur of the Year 

 1995 Nomination by The Airplay International’s “King Eagle 

 Sworn in by Rudolph W. Giuliani, Mayor of New York City, as 

  International Council of Mayors, October 28, 1995 

  Achievement by Freedoms Foundation at Valley Forge, 

 
 

                                                                         

  Award Show for Male Artist Of The Year, July, 1994 

honoring Unsung Heroes, a national honor bestowed 
upon those who personify the American character and 
spirit, known as “The Nobel Prize for Goodness,” under 
the category:  Extraordinary Versatility, July, 1994 

  Edwards, declaring January 31, 1995, as Dr. Randolph  

 Recipient of Proclamation by President of Tangipahoa Parish, 

  Randolph M. Howes’ Day 

  Depaula, declaring January 31, 1995, as Dr. Randolph 

 Recipient of Proclamation by Mayor, City of Ponchatoula, Julian 

  Randolph M. Howes’ Day 

  1995, as Dr. Randolph M. Howes’ Day 
 Nominated as a prospective awardee for the Freedoms  
  Foundation at Valley Forge, March 31, 1995 
 Awarded Honorary Doctorate of Humanities Degree, 
  Southeastern Louisiana University, May 10, 1995 

  Spring Commencement Exercises, May 10, 1995 

  program, May 23, 1995 

  Awards Show and Musical Festival” for the “Male  
  Horizon Award,” September, 1995 
 Recipient of the Crystal Apple Award from Executive Chief 
  Mayor Honorable Dominick Della Rocca from the 
  Community Mayors of New York & New Jersey, 
  October 6, 1995 

  the Community Mayor for the State of Louisiana, 

 Awarded the George Washington Honor Medal for Individual 

  November 11, 1995, also awardee, Dr. Stephen Ambrose 
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HONORS & AWARDS 
CONTINUED: Guest Speaker for Southeastern Louisiana University’s Chapter 
  of Phi Kappa Phi Honor Students Fortieth Anniversary  
  Spring Banquet, April 26, 1996 
 Commencement Speaker for Lutheran High School 
  Commencement Exercises, New Orleans, Louisiana, 
  May 17, 1996 
 Keynote Speaker for the 28th Annual Louisiana School of Nursing 
  Organization, October 9, 1996 
 Recipient of Humanitarian of the Year Award from the 
  Community Mayors of New York, New Jersey and 
  Connecticut, October 26, 1996 

  Music Associations of America, November 4, 1996 

 Commissioned a Kentucky Colonel by Kentucky Governor 

 Recipient of Certificate of Excellence and nomination for Male 

  Golden Music Awards, December 20, 1998 

  Christmas Record of the Year 1998 by Nashville Tracker 

 Speaker for Graduates of St. Joseph School, Catholic Schools 

 Recipient of 1999 Golden Music Award, Lifetime Achievement 
  Award for Songwriter/Artist/Humanitarian, Nashville, 

 Options Telethon Emcee, Hammond, Louisiana, June 17, 1999 

  Recognition from Office of the Governor State of Arizona, 

 Recipient of the Lifetime Achievement Award from the Country 

 Emcee & Productions, Options Telethon, May 25, 1998 

  Paul E. Patton, September 11, 1998 

  Vocalist of the Year 1998 by Nashville Tracker, 1999 

 Recipient of Certificate of Excellence and nomination for 

  1999 Golden Music Awards, December 20, 1998 

  Week, January 31 – February 6, 1999 

  Tennessee, March 13, 1999 

 Recipient of Award for Outstanding Service with Special  

  Jane Dee Hull, September 9, 1999 
 Recipient of Certificate of Recognition for Artistic Career Achieve- 
  ment, King Eagle Award, Nashville, TN, October 1, 1999 
 Recipient of Certificate of Achievement for Male Artist, King Eagle 
  Award, Nashville, Tennessee, October 1, 1999 
 Recipient of King Eagle Humanitarian Award for “Your Devotion  
  To the Betterment of Mankind,” October 1, 1999 
 Recipient of 1999 October Online Country Talent Award, Tracker 
  Hall of Fame, October 1, 1999 
 Recipient of a Certificate of Appreciation, The State of Tennessee 
  Governor Don Sunquist, October 3, 1999 
 Recipient of A Proclamation by the Governor of the State of 
  Nevada, Kenny C. Guinn, declaring October 17, 1999 as   
  A Day in Honor of Dr. Randolph Howes 
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HONORS & AWARDS  
CONTINUED: Recipient of The American Eagle International Humanitarian 
  of the Year Award, The Country Music Organizations of 
  America, October 17, 1999 
 Recipient of National Eagle Achievement Award for outstanding 
  leadership, distinguished service and achieving the high 
  standards for excellence and motivation to the country 
  music entertainment industry, The Country Music 
  Organizations of America, October 17, 1999 
 Certificate of Recognition “Artistic Career Achievement,” King 
  Eagle Award, October, 1999 
 Certificate of Achievement “Male Artist,” King Eagle Award, 
  October, 1999 
 Commonwealth of Kentucky Natural Resources and Envirnon- 
  mental Protection Cabinet Commissioned Randolph 
  M. Howes an Admiral, July 31, 2000 
 State of Nevada Proclamation, A Day of Honor on October 20, 
  2000, September 6, 2000 
 Certificate of Appreciation, The American Legion, Kentwood, 
  Louisiana, November, 2001 
 Grand Marshal, Ponchatoula Strawberry Festival, Ponchatoula, 
  Louisiana, February, 2002 

  Presidential Business Commission for the State of 

 Louisiana State Senate, State of Louisiana, Senate Chamber of 
  Baton Rouge commissioned Randolph M. Howes 
  Honorary State Senator, April 10, 2002 
 Letter of Appreciation from President George W. Bush, 
  April 12, 2002 
 Letter of Appreciation from President Ronald Reagan, 2002 
 The American Journal of Cosmetic Surgery recognizes 
  Randolph M. Howes for contributions and service to the 
  official publication of the American Academy of Cosmetic 
  Surgery, July 22, 2002 
 Selected Honorary Chairman of Republican Business Advisory 
  Council, October, 2002 
 Selected by U.S. Congressman Tom DeLay to serve on the  

  Louisiana, October, 2002 
 Speaker, Daughters of the American Revolution, Amite, LA,  
  January 25, 2003 
 Awarded 2003 Businessman of the Year by The National 
  Republican Congressional Committee’s Business  
  Advisory Council, February, 2003 
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HONORS AND AWARDS 
CONTINUED: Certificate of Appreciation, University of Santo Tomas, Faculty of  
  Medicine & Surgery, Department of Surgery on delivering 

 Certificate of Appreciation, Philippine Association of Plastic 

  School of Medicine, June 2, 2005. 

A discussion on “Aesthetic Surgery.”  September 22, 
2004 

  Reconstructive and Aesthetic Surgeons, Inc.  Scientific 
Symposium Guest Lecturer on Aesthetic Surgery, 
September 23, 2004 

 Awarded 2004 Pioneer of Healthcare Reform in recognition of  
  outstanding achievements and dedication to healthcare 
  Reform by the National Republican Congressional 
  Committee’s Physicians’ Advisory Board 
 Awarded a Sidewalk Star from the Columbia Theater of  
  Performing Arts, Hammond, Louisiana, 
  October 22, 2004 
 Recipient of congratulatory letter from Arrow International, Inc. 
  for having invented the Howes Catheter, which is the 
  most widely used catheter for treating critically ill patients  
  in intensive care units all over the world and having  
  saved millions of lives in over 100 countries,  
  January 17, 2005 
 Awarded 2004  Businessman of the Year by the National 
   Republican Congressional Committee ‘s Business 
   Advisory Council, March, 2005 
 Recipient of Special Olympics Louisiana Certificate for generous  
  support and unselfish efforts, May 19, 2005. 
 Recipient of plaque for Visiting Professor, Division of Plastic and 
  Reconstructive Surgery, The Johns Hopkins University  

  
  

 
ELEMENTARY AND 
HIGH SCHOOL 
ACHIEVEMENTS: Ponchatoula St. Joseph Elementary School, Altar Boy, eight 
  years 
 President, Ponchatoula Catholic Youth Organization, two years 
 Ponchatoula High School (1957 – 1961) 
  President Student Body – 1961 
  American Legion Candidate of Pelican Boys State 
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GRADUATE AND POST 
GRADUATE TRAINING: Certified and Associate Member, The Society of Nuclear 
  Medicine, December 4, 1966 
 Teaching Assistant, Department of Biochemistry, Tulane 
  University School of Medicine, 1968 – 1971 
 Selected for the combined General – Plastic Surgery Residency 
  Training Program, The Johns Hopkins Hospital,  
  1971 – 1972 
 Junior Assistant Surgical Research, The Johns Hopkins 
  Hospital, 1972 – 1973 
 Research Assistant to the Endocrine and Polypeptide Laboratory, 
  Veteran’s Administration Hospital and Tulane School of 
  Medicine 
 Hand Surgery Course, Harvard Medical School, 1974 
 Fellowship, Plastic Surgery, The Johns Hopkins Hospital,  
  1974 – 1975, 1976 - 1977 
 Chief Plastic Surgery Resident, The Johns Hopkins Hospital, 
  1976 – 1977 
 Assisted in isolation of the first hypothalamic releasing factor 
  (TRF) under the direction of Dr. Andrew V. Schally, 
  1977 Nobel Laureate 
 Argon Lasers and Cutaneous Vascular Lesions Course,  
  Harvard Medical School, September 29, 1979 
 American Association of Plastic Surgeons, 69th Annual Meeting, 
  The Homestead, Host Springs, Virginia, May 6 – 9, 1990, 
  Invited Guest of President John E. Hoopes, M.D. 
 Cutaneous Laser Course, Harvard Medical School, April 6, 1991 

 

 A “Hands-On” Course in Photodynamic Therapy Trends with the 
  Western Institute of Laser Treatment, Santa Barbara,  
  California, March 27 - 28, 1992 
 Preceptorship in Cosmetic Laser Surgery for Laserscope, 
  Santa Barbara, CA, March, 1992 
 Facial Plastic and Cutaneous Laser Surgery Workshop at the 
  Annenberg Center for Health & Sciences at Eisenhower, 
  Rancho Mirage, California, May 8 – 9, 1992 
 Louisiana State University Chemistry & Biochemistry Biodynamics 
  Institute Seminar, Tulane Medical Center, New Orleans, 
  Louisiana, February 21, 1993 
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UNDERGRADUATE 
HONORS: (Southeastern Louisiana University) 
 President of the Interfraternity Council, SLU 
 President of the Catholic Youth Organization, SLU 
 President of the Junior Class, SLU 
 Outstanding Fraternity Member Award, SLU 
 Selected as Psychology Laboratory Research Assistant, SLU 
 
PAST AND PRESENT 
SOCIETY MEMBERSHIPS: The Johns Hopkins Hospital Medical and Surgical Society 
 The Tulane Alumni Association 
 Orleans Parish Medical Association 
 Louisiana Medical Society 
 National Association of Broadcasters 
 The New York Academy of Sciences 
 Photochemistry and Photobiology Society 
 Oxygen and Free Radicals Society 
 Southeastern Louisiana University Alumni Association 
 South East Louisiana Search and Rescue 
 International Society of Cosmetic Laser Surgeons 
 International Academy of Criminology 
 The American Academy of Aesthetic and Restorative Surgery 
 Louisiana Cattleman’s Association 
 
CHARITIES: Kennedy Center at John Hopkins – free musical concerts for 
  mentally handicapped children 
 Children’s Medical and Surgical Center at Johns Hopkins 
  Hospital – free Christmas concerts to in-patients 
 Pendleton Memorial Methodist Hospital Auxiliary, 1987, 
  $2,500 donation 
 Louisiana University of Medical Sciences – donation of quarter 
  horses livestock 
 Louise S. Davis Developmental Center, New Orleans, Louisiana, 
  free musical concerts to residents 
 Alcohol and Drug Abuse Center (Brownie’s Place), Ponchatoula, 
  Louisiana, $10,000 donation 
 Initiated the first academic scholarship fund for Sigma Tau 
  Gamma, SLU, 1988 
 Aloha Medical Mission to Vigan, Philippines, December, 1984 
 Balikbayan Medical Mission to Marinduque, Philippines, July, 
  1985 
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CHARITIES 
CONTINUED: Balikbayan Medical Mission to Palawan, Philippines, July, 1988 
 Medical supplies sent to Yucatan, 1988, after Hurricane Gilbert 
 Medical supplies sent to Jamaica, 1988, after Hurricane Gilbert 
 East St. Tammany Mental Health Association Fundraiser, 1990 
 Medical supplies donated to Charity Hospital, New Orleans,  
  Louisiana, valued at $2,400 
 Contribution to The Boston Globe Santa Fund for deserving ill 
  children at Northshore Children’s Hospital, Salem,  
  Massachusetts, November 1, 1992 
 Balikbayan Medical Mission to Panay, Philippines, February, 1993 
 Advent 7’ Big Screen Projector Television donated to St. Joseph’s 

 

  Catholic Church, Ponchatoula, Louisiana, valued at 
  $5,200, June, 1993 
 Music Row’s Red Ribbon Campaign, Annual Pledge Walk to 
  benefit AIDS care and prevention, $500 donation,  
  Nashville, Tennessee, November, 1993 
 “Hearts For Holiday,” for The House of Ruth, a local charity that  
  helps families get back on their feet, New Orleans, LA 
  in association with WWL 870 AM, November, 1993  
 Annual Giving Program, NO/AIDS Task Force, New Orleans, LA 
  February, 1994 
 Homeless Children and Youth Fundraiser, New Orleans, LA, 
  March, 1994 
 Musical performance for the Ponchatoula High School 
  Parent/Teacher Association Fundraiser, Ponchatoula, 
  LA, March, 1994 
 Balikbayan Medical Mission to Bohol, Philippines, June, 1994 
 Charitable donation of $1000 to Southeastern Louisiana 
  University, Hammond, LA, January, 1995 
 Children’s Fun Day, Ranchland, Kentwood, LA, Lallie Kemp 
  Pediatric Unit, October, 1995 
 Inducted into membership of Community Mayors of New York and 
  New Jersey and sworn as Community Mayor of the State 
  of Louisiana for the International Council of Mayors, 
  October, 1995 
 Cerebral Palsy Telethon/Pontchatrain Center performed original 
  composition, “Taller On Our Knees,” November, 1995 
 Second Harvesters Food Bank/VOODOO GROOVE,  
  December, 1995 
 Balikbayan Medical Mission to Zamboanga, Mindanoa, 
  Philippines, October, 1997 

 
 
 
   

Page 923 of 931 



CHARITIES 
CONTINUED: Emcee & Production, Options Telethon, May 25, 1998 
                                                     Free music concert given at the Kentwood Nursing Home, 
  March 29, 1999 
 Free music concert given at the Greensburg Nursing Home, 
  April 5, 1999 
 Free music concert given at the New Zion Church, Osyka, MS, 
  May 7, 1999 
 Emcee & Production, Options Telethon, June 17, 1999 
 Free music concert given at the Belle Maison Nursing Home, 
  Hammond, LA, July 14, 1999 
 Free music concert given at the Forest Manor Nursing & 
  Convalescent Home, Covington, LA, August 30, 1999 
 Free music concert given at New Zion Church, Kentwood, LA, 
  Young at Heart, November 9, 1999 
 Free music concert given at Amite Nursing Home, Amite, LA 
  June 6, 2000 
 Free music concert given at St. Joseph’s School, Ponchatoula, 
  LA, September 24, 2000 
 Free music concert given at Kentwood Music Club, Kentwood, 
  LA, October 10, 2000 
 Free music concert given at Kentwood Baptist Senior Citizens, 
  Kentwood, LA, December 4, 2000 
 Free music concert given at Tangipahoa’s Retired Teachers 
  Association, SLU, Hammond, LA, December 11, 2000 
 Free music concert given at Kentwood Lions Club for Kentwood  
  Co-op, November 6, 2001 
 Free music concert given at American Legion for the Veterans of 
  Foreign Wars, Kentwood, LA, November 12, 2001 
 Free music concert given at Kentwood Baptist Church, Kentwood, 
  LA, December 4, 2001 
 Free music concert given at Progress Baptist Church, Magnolia, 
  MS, December 7, 2001 
 Sponsored Coloring Contest, Perrin Elementary School,  
  Ponchatoula, LA, February, 2002 
 Free music concert given at Hammond Festival, Hammond, LA, 
  September 21, 2002 
 Free music concert given at Ponchatoula Rotary Club,  
  Ponchatoula, LA, December 19, 2002 
 Donated to Representative Tank Powell, $1000 worth of CD’s to 
  promote the Louisiana Strawberry Industry,  
  February 14, 2003 
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CHARITIES 
CONTINUED: Donated to Ponchatoula Times Editor, Bryan McMahon, $1000 
  worth of CD’s to promote the Special Olympics, 
  February 14, 2003 
 Emcee/Entertainer Cystic Fibrosis Foundation-Julie Rowe 
  Memorial Talent Show, April 25, 2003 
 Free music concert give at Lie Oaks Village Nursing Home 
  December 9, 2003 
 Free music concert given at The Veteran’s American Legion Post 

187, Kentwood, Louisiana, November 8, 2004.  
Appreciation letter by Adjutant, Robert Hutchinson 

 Free music concert given at Live Oaks Village Nursing Home 
  December 20, 2004 

 
PUBLICATIONS: Howes, R.M. and Nichols, J.R.:  An Interspecies Comparison of 
  Intelligence, The Southwestern Psychological Society, 
  4:4, Dallas, Texas, 1963 
 Howes, R.M. and Steele, R.H.:  Microsomal Chemiluminescence 
  Induced by NADPH and its Relation to Lipid Peroxidation 
  Res. Commun. Chem. Path. Pharmacol., 2:4 & 5:619-626 
  July – September, 1971 
 Howes, R.M.:  The Mechanism of Action of the Microsomal Mixed 
  Function Oxidases, Dissertation Tulane University of  
  School of Medicine, New Orleans, LA, 1971 
 Howes, R.M. and Steele, R.H.:  Microsomal Chemiluminescence 

  Res. Commun. Chem. Path. Pharmacol., 3:2:349-357, 
  Induced by NADPH and its relation to Aryl-hydroxylations 

  March, 1972 
 Shoaf, A.F., Howes, R.M., Allen, R.C. and Steele, R.H.:   
  Microsomal Chemiluminescence, Chemiluminescence 
  and Bioluminescence, Plenum Press Publ., p. 497, 
  New York, NY 1973 
 Howes, R.M.:  Trouble-free Way to Insert a Penrose Drain, 
  Hospital Physician, Pp. 74-75, October, 1974 
 Howes, R.M., Zuidema, G.D. and Cameron, J.L.:  Evaluation of 
  Prophylactic Antibiotics in Acute Pancreatitis, Program, 
  The Eighth Annual Meeting of The Association of 
  Academy Surgery, (ABSTR), Pp. 89-90, November, 1974 
 Howes, R.M., Zuidema, G.D. and Cameron, J.L.:  Evaluation of 
  Prophylactic Antibiotics in Acute Pancreatitis, Journal of 
  Surgical Research, 18:197-200, 1975 
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PUBLICATIONS 
CONTINUED: Howes, R.M. and Steele, R.H.:  Chemiluminescence of Cigarette  
  Smoke, Physiological Chemistry and Physics,  
  8:5:417-428, 1976 
 Howes, R.M., Steele, R.H. and Hoopes, J.E.:  Peroxide Induced 
  Chemiluminescence in An In Vitro Proline Hydroxylation 
  System, Physiological Chemistry and Physics, 
  8:1:77-84, 1976 
 Howes, R.M., Steele, R.H. and Hoopes, J.E.:  The Role of 
  Electronic Excitation States in Collagen Biosyntheses,  
  Perspectives in Biology and Medicine, 20:4:539-544, 
  Summer, 1977 
 Howes, R.M.:  Making a Portable Suction Drain for Wounds, 
  Hospital Physician, p. 47, October, 1975 
 Cameron, J.L., Howes, R.M. and Zuidema, G.D.:  Antibiotic 
  Therapy in Acute Pancreatitis, Surgical Clinics of North 
  America, 55:6:1319-1324, December, 1975 
 Howes, R.M., Lipson, S.D. and Hoopes, J.E.:  Electrical 
  Stimulation of Soft Tissue Growth, Southern Medical 
  Journal, 71:4:484, April, 1978 
 Messenger, K., Howes, R.M. and Hoopes, J.E.:  Chronic 
  Orocutaneous Fistula:  Report of a Case, The Journal 
  of Oral Surgery, 35:301-306, April, 1977 
 Howes, R.M.:  From Johns Hopkins:  Our Approach to Acute 
  Pancreatitis, Resident and Staff Physician 
  23:51-56, March, 1977 
 Howes, R.M., Allen, R.C., Su, C.T. and Hoopes, J.E.:  Altered 
  Polymorphonuclear Leukocyte Bioenergetics in Patients 
  with Thermal Injury, The Surgical Forum, 27:558-560, 
  1976 
 Howes, R.M.:  To Help You Get The Jump On Acute Pancreatitis, 
  Medical Times, 104:11:53-58, November, 1976 
 Howes, R.M. and Hoops, J.E.:  Current Concepts of Wound 
  Healing, Clinics in Plastic Surgery, 4:2:173-179, 
  April, 1977 
 Howes, R.M.:  Subungual Melanoma, Surgical Rounds, p. 60, 
  June, 1978 
 Howes, R.M.:  The “HOWES” and Wise of Liposuction Surgery, 
  The American Journal of Cosmetic Surgery, 
  1:1:49-51, Winter, 1984 
 
 
 
 
 
 
   

Page 926 of 931 



PUBLICATIONS 
CONTINUED: Howes, R.M.:  The Latest Wrinkles in Wound Healing, The 
  American Journal of Cosmetic Surgery, 2:2:42-47, 
  Spring, 1985 
 Howes, R.M.:  Cosmetic Breast Enlargement, Drs. Notes, Spring, 
  1991 
 Howes, R.M.:  Mirror, Mirror on the Wall, Drs. Notes, Summer, 
  1991 
 Howes, R.M.:  Summertime Tune-Ups, Drs. Notes, Summer, 
  1991 
 Howes, R.M.:  A Tribute to Garry Fenno, Cosmetic Surgery 
  Newsline, 8:3:4, May/June, 1994 
 Howes, R.M.:  Commentary:  Corrective Surgery for Mammary 
  Hypertrophy on Ambulant Patients, The American Journal 
  of Cosmetic Surgery, 13:1:28, 1996 
 Howes, R.M.:  Howes’ Corner, In God We Trust, The 
  American Journal of Cosmetic Surgery, 13:2:163, 1996 
 Howes, R.M.:  Howes’ Corner, “Cosmetic Surgery,” The 
  American Journal of Cosmetic Surgery, 13:3:275, 1996 
 Howes, R.M.:  Howes’ Corner, “Silicone – A Sticky Subject,” The 
  American Journal of Cosmetic Surgery, 13:4:395, 1996 
 Howes, R.M.:  Howes’ Corner, “A Real Easy Case,”  The 
  American Journal of Cosmetic Surgery, 14:1:77, 1997 
 Howes, R.M.:  Howes’ Pen, “Let There Be Light, Laser Of 
  Course,” The American Journal of Cosmetic Surgery, 
  14:2:207, 1997 
 Howes, R.M.:  Howes’ Pen, “The Levity Of Longevity,”  The 
  American Journal of Cosmetic Surgery, 15:2:133, 1998 
 
BOOKS 
PUBLISHED: The Fire Eaters, Molding your own destiny more easily, 
  Carnivore Press, © 1982 
 Uplift, The Answer Book to your plastic and cosmetic surgery 
  questions, Carnivore Press, © 1986 
 The Pundit Speaks, An Anthology of Neoclassical Poetic 
  Philosophy, Carnivore Press, © 1990 
 The Pundit Speaks, Volume II, An Anthology of Neoclassical 
  Poetic Philosophy, Free Radical Press, © 1994 
 The Pundit Speaks, Volume III, An Anthology of Neoclassical 
  Poetic Philosophy, Free Radical Press, © 1996 
 The Fable of the Chocolate Covered Strawberry Coloring Book 
  Free Radical Press, © 2001 
 The Pundit Speaks, Volume IV, An Anthology of Neoclassical 
  Poetic Philosophy, Free Radical Press, © 2003 
 U.T.O.P.I.A.  Unified Theory of Oxygen Participation In Aerobiosis 
  Free Radical Press © 2004 
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PARTIAL LIST OF 
SCIENTIFIC 
PRESENTATIONS: Teaching and examination of board candidates for the Society 

 of Cosmetic Plastic Surgery, Hollywood Community 
 Hospital, January 23 – 24, 1982, January 21 - 23, 1983 
Lectures on Cosmetic Surgery, American Academy of Cosmetic 
 Surgery, January, 1984 
Lectures on Cosmetic Surgery, American Academy of Cosmetic 
 Surgery, World Congress on Dermabrasion Chemical 
 Peel, Liposuction & Soft Tissue Augmentation, 
 New Orleans, LA, October 16 – 19, 1986 
American Academy of Cosmetic Surgery, Beginners Workshop 
 in Facial & Body Liposuction Surgery, Martinsville, VA, 
 September 5 – 7, 1986 
 Presentation:  Alternative Involving Liposuction Surgery 
American Academy of Cosmetic Surgery, The Fourth Annual 
 Scientific Meeting, Los Angeles, CA,  
 February 5 – 7, 1988 
 Presentation:  Reduction Mammoplasty and Mastopexy 
American Academy of Cosmetic Surgery, Liposuction Surgery 
 & Fat Transplant Surgery Workshop of the Face, Breast, 
 Body and Extremities, New Orleans, LA , 
 September 9 – 11, 1988 

 American Academy of Cosmetic Surgery, The Fifth Annual  
 Scientific Meeting, Los Angeles, CA,  
 January 13 – 15, 1989 
 Presentation:  Approaches to Reduction Mammoplasty 

 American Academy of Cosmetic Surgery, The Sixth Annual 
 Scientific Meeting, Los Angeles, CA 
 January 12 – 14, 1990 
American Academy of Cosmetic Surgery, Dermabrasion 
 Chemical Peel and Dermatological Cosmetic Surgery  
 Workshop, New Orleans, LA, October 25 – 27, 1990 
 Presentation:  Phenol Face Peels 

 American Academy of Cosmetic Surgery, The Seventh Annual 
  Scientific Meeting, Los Angeles, CA,  
  January 25 – 27, 1991, Cosmetic Breast Surgery, 
  Program Chairman 
  Presentation:  History and Overview of Cosmetic Breast 
  Surgery 
 American Academy of Cosmetic Surgery, Scottsdale World 
  Congress Meeting, AACS Board Review Course for the 
  Board of Examination of the American Board of Cosmetic 
  Surgery, Scottsdale, AZ, October 13 – 15, 1991 
  Chairman, Board Review Course 
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PARTIAL LIST OF 
SCIENTIFIC  
PRESENTATIONS 
CONTINUED: American Academy of Cosmetic Surgery, The Eighth Annual 
  Scientific Meeting, Los Angeles, CA,  
  February 14 – 16, 1992 
  Presentation:  Free Papers Presentation 
 American Academy of Cosmetic Surgery, Controversies in Breast 
  & Facial Augmentation, Philadelphia, PA, 
  August 7 – 9, 1992 
  Presentation:  The Inframammary Approach - Why I Like  
  It 
  Panel:  Complications of Breast Augmentation –  
  Management 
 Teaching faculty/certifying physician for Live Workshop on 
  Minimal Incision Facial Plastic & Cutaneous Laser 
  Surgery using KtP/552 Laser, Hilton Head, SC 
  August 22, 1992 
 Live Demonstrations of Cosmetic Blepharaplasty utilizing  
  KTP/552 Laser, The Johns Hopkins Hospital, Baltimore, 
  MD, October 1, 1992 
 Visiting Professor at The Johns Hopkins Hospital, Baltimore, MD 
  and presented Grand Rounds entitled, “Recent Advances 
  In Cosmetic Laser Surgery,” October 29, 1992 
 American Academy of Cosmetic Surgery, Annual Board 
  Examination Review Course, Dallas/Ft. Worth, TX 
  January 22 – 23, 1993, Chairman 
 The Metropolitan New Orleans Cosmetic Surgery Society, 22nd

  Annual Symposium and Seminar, New Orleans, LA 
  March 12 – 14, 1993 
  Presentation:  Phenol Face Peel 
 Louisiana Society of Plastic and Reconstructive Surgeons, 1993 

Annual Meeting of the Louisiana Chapter of the American 
College of Surgeons and The Surgery Association of 
Louisiana, St. Francisville, LA, March 19, 1993 
Presentation:  Cosmetic Laser Surgery 

 American Academy of Cosmetic Surgery, Tenth Annual Scientific 
  Meeting, Rancho Mirage, CA, January 21 – 23, 1994 
  Moderator:  Liposuction Surgery (Dedicated to the 
  memory of Garry W. Fenno, M.D.), Trustee 
 American Academy of Aesthetic and Restorative Surgery 23rd

  Annual Scientific Meeting, New Orleans, LA  
  October 6 – 9, 1994 
  Presentation:  Phenol Face Peels 
 Cosmetic Plastic Surgery in Males, WWL Radio, presentation 
  with host Bob Delgiorno, March 22, 1995 
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PARTIAL LIST OF 
SCIENTIFIC 
PRESENTATIONS 
CONTINUED: Guest Lecturer to the Daughters of the Confederate, Healthcare 
  In Louisiana, Amite, LA, January 25, 2003 
 Guest Lecturer to the University of Santo Tomas Graduating 
  Medical School Class, Manila, Philippines, 

  Symposium, Manila, Philippines, September 23, 2004 

o 

  September 22, 2004 
 Keynote Speaker to the Philippine Association of Plastic 
  Reconstructive and Aesthetic Surgeons, Scientific 

 Keynote Speaker to the Hammond Rotary Club on Healthcare 
  In Louisiana, Hammond, LA October 19, 2004 
 Keynote Speaker to the Hammond Kiwanis Club on Howes 
  Singlet Oxygen Theory of Oxygen Participation in 
  Aerobiosis in Cancer and Arteriosclerosis Disease, 
  Hammond, LA, December 7, 2004 
 Guest Lecturer, Society for Orthomolecular Health Medicine  
  11th Annual Scientific Meeting 
  San Francisco, CA, February 23-27, 2005 
  Presentation:  Oxygen Free Radicals & Oxidative 
  Self-Healing 
 Visiting Professor at The Johns Hopkins Hospital, Baltimore, MD 

and presented 1 hr. lecture entitled, “The Free Radical 
Phantasm,” June 3, 2005 

 
Future Meetings: 

Guest Lecturer, 11th Congress, International Association of Biomedical Gerontology, 
Aarhus, Denmark, Presentation: The Free Radical Phantasm:  A  Panoply of 
Paradoxes----A Critique, August 12, 2005. 

 
o Guest Lecturer, International College of Integrative Medicine, Grand Rapids, MI, 

Presentation:  The Free Radical Phantasm, September 17, 2005. 
 

o Guest Lecturer, Tulane Medical School, Department of Biochemistry, New Orleans, 
LA, Presentation: Oxygen Free Radical Metabolism, September 26, 2005. 

 
o Keynote Speaker, 40th Annual Meeting of American Academy of Environmental 

Medicine, Tucson, AZ, Presentation:  The Role of Oxidation in the Genesis of Cancer:  
Therapeutic Opportunities, October 28, 2005. 

 
o Guest Lecturer, 64th Regional Education Conference of American College for 

Advancement in Medicine, Anaheim, CA, Presentation:  Pro-oxidant Protection and 
Oxidative Self-Healing, November 11, 2005. 

 
o Guest Lecturer, Pennington Memorial Cancer Research Facility, Baton Rouge, LA, 

Presentation: Facts, Fantasies & Free Radicals, December 6, 2005. 
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DISCLOSURE AND DISCLAIMER 
 
 

THE CONTENT OF THE MATERIAL PRESENTED HEREIN IS PROVIDED FOR 
INFORMATIONAL PURPOSES ONLY. 
 
ANY DECISION BY THE READER TO ACT UPON THE MATERIAL PRESENTED 
HEREIN IS AT THE SOLE DISCRETION OF THE READER. NO ASSURANCE IS 
GRANTED OR IMPLIED AS TO THE ACCURACY OR COMPLETENESS OF THE 
MATERIAL HEREIN. ACTUAL PERFORMANCE, OR THE LACK THEREOF, MAY 
BE DIFFERENT THAN THE ESTIMATED PRESENTATIONS WITHIN THE 
MATERIAL. IN NO EVENT SHALL THE AUTHOR BE HELD LIABLE FOR 
DAMAGES, AND/OR ANY ALLEDGED HARM, INCURRED FROM THE USE OF, OR 
THE RELIANCE ON, THE CONTENT OF THE MATERIAL HEREIN CONTAINED. 
ALL DECISIONS REGARDING PERSONAL HEALTH AND MEDICAL ISSUES 
SHOULD BE MADE IN CONSULTATION WITH A LICENSED MEDICAL 
PRACTIONER. 
 
ANY REPRODUCTION OR REDISTRIBUTION IS PROHIBITED WITHOUT THE 
PRIOR, WRITTEN CONSENT OF THE AUTHOR. 
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