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Life is designed such that  

human perfection is 
never-ever obtainable and  

complete knowledge is  
never achievable. 

R. M. Howes, M.D., Ph.D. 
1/19/07 

 
 
 
 
 
 
 

 
The length,  

depth and exquisite detail of my work  
makes it nigh impenetrable and  

assures me that it is highly unlikely  
to be read by my contemporaries,  

who are hopelessly biased,  
marginally scientifically literate,  

abstract-reading, so-called…. 
 investigators. 

R. M. Howes, M.D., Ph.D. 
4/21/08 

 
 
 
 
 
 
 
 
 



1.0  
 

“The Oxypocalypse” 
 

 
The “Oxypocalypse” has not occurred and my scientific fecundity has demonstrated its 
specious character.  It will be impossible to read, study and understand the contents of 
this book and become or remain a follower of the free radical theory.  By keeping an 
open mind, it will be  concluded that EMODs are essential and are of low toxicity and 
antioxidants can indiscriminately interfere with the salutary functions of electronically 
modified oxygen derivatives in protecting the body from pathogens and neoplasia. At 
best, antioxidants will be seen as co-promoters of electron and proton flow. 
 
 

Dr. Harman, 
“How could so many 
have been so wrong  

for so long?” 
R. M. Howes, M.D., Ph.D. 

6/6/06 
 

Many well-documented studies supporting a healthy lifestyle have found strong pro-
oxidant influences, including exercise, sunshine, adequate vitamin D3, moderate alcohol 
consumption and polyunsaturated fats.  
 
Antioxidants serve primarily as prooxidant precursors and co-factors to maintain essential 
electron and proton flow.  Actually, they appear to work in concert to maintain electron 
flow, without which, life as we know it, would cease. 

 
 
 

Radicals and antioxidants are flip sides  
of the same redox chemical coin. 

R. M. Howes, M.D., Ph.D. 
11/6/07 

In science, a theory is a proposed description, explanation, or model of the manner of 
interaction of a set of natural phenomena, capable of predicting future occurrences or 
observations of the same kind, and capable of being tested through experiment or 
otherwise falsified through empirical observation. The Free Radi-Crap theory lacks 
predictability and has been invalidated via numerous experiments and through empirical 
observations. Yet, it enjoys wide spread support from the medico-scientific international 
community.  World orthodoxy has been “radically falsified” as regards oxygen free 
radicals. 

http://en.wikipedia.org/wiki/Model_%28abstract%29
http://en.wikipedia.org/wiki/Natural_world
http://en.wikipedia.org/wiki/Phenomena
http://en.wikipedia.org/wiki/Experiment
http://en.wikipedia.org/wiki/Empiricism


Bias appears to be a learned or emotional predisposition to believe a certain way, 
regardless of the facts.  Thus, bias is very hard to overcome and influences a person’s 
thinking accordingly and they may be unaware that they are biased. Unbiased evaluation 
of scientific theories is subject to the unintentional biases of the reader.   
 
It is interesting to compare these beliefs concerning the free radical theory with those of 
the turn of the 20th century. At that time technology was new and exciting and was seen 
as the ultimate answer to all man’s problems. Soon after, radiation was discovered, but 
before its potential harmful effects were known, many popular remedies were marketed 
which contained radioactive elements, such as cesium. The remedies were said to cure all 
sorts of ailments from simple fatigue to migraine headaches. Advertisements extolled the 
virtues of the tonic’s newness and technological basis. These radiation remedies enjoyed 
remarkable popularity, even after people started dying of radiation poisoning. It took 
federal legislation to remove them from the market. Ironically, antioxidants could be 
viewed similarly in the future. 
 
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 trillion 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. 
 
My studies have led me to realize that we are swimming in a sea of hydrogen radicals, 
oxygen diradicals and the electronically modified oxygen derivatives and that all living 
aerobic cells are constantly generating steady state level of EMODs. These EMODs 
permeate the entirety of the living/breathing organism. When this EMOD generation or 
production ceases or is insufficient, disease or death ensues. This is a most important 
observation and it illustrates the low toxicity of EMODs and a crucial need for their 
presence in obligate aerobes.  We often forget that hydrogen, which is the most 
common element in the cosmos, has a single, unpaired, outer orbital electron and it 
is, by definition, a free radical.  Obviously, an environment saturated with oxygen 
diradicals and hydrogen radicals (the components of water) is conducive to the 
development of life and not destructive or deadly, as is taught by the free radical 
theory.   
 
Reactive oxygen and nitrogen species function as direct and indirect modulators of 
gene expression through their interactions with over 200 transcription factors and 
also key enzymes in receptor-activated signaling pathways.  ROS involvement in 
cellular signaling has been reviewed extensively elsewhere (Finkel T, Holbrook NJ. 
Oxidants, oxidative stress and the biology of ageing. Nature 408(6809):239–247, 2000). 
 
 
 



Investigators have considered all sorts of excuses for the failures of 
antioxidants but have rarely, if at all, considered the fact that the Free 
Radi-Crap theory is “radically wrong.” 

 

Extraordinary theories necessitate  
extraordinary proof.  

The free radical theory is falsified by a glut of 
non-supportive, paradoxical, conflicting, confusing, 

inconclusive evidence and a modicum of 
 supportive documentation.  

It exhibits  
extreme vulnerability as regards 

its logicality. 
R. M. Howes, M.D., Ph.D. 

11/15/06 

 

A 60 kg man requires 200-250 ml of pure O2 per minute.  Therefore, if oxygen is toxic, 
we should all be dead.  O2 concentration is of the order of 0.07 mM in living tissue 
(Johan Moan, 2001).  1012 O2 molecules are consumed everyday and H2O2 has a 
constant cellular concentration of 10-9-10-7 M.  It is inconceivable and counterintuitive 
that oxygen or its electronically modified derivatives are deadly.   

Under normal conditions, the amount of O
2

. - 
generated by a mitochondrion has 

been estimated to be as high as 10
7 
O

2

.- 
radicals per day. This equates to 416,666.6/ 

hour or 6,944/minute or 116/second/mitochondrion. 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 10

16 
superoxide anions produced by the body 

every second of every day. This huge amount of superoxide and H
2
O

2 
begs the question, 

“Just how toxic are these EMODs?”  Obviously, they are not highly toxic or we would all 
be dead. 

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 10

10 
molecules of 

superoxide each day.  Please keep in mind that these figures vary widely.  However, 
by all estimates, we are exposed to massive amounts of EMODs on a continual 
moment to moment basis. 



To accept the teachings and concept of the Free Radi-Crap theory, 
along with that of so-called oxidative stress, is a “radical” mistake.  
5/5/06 RMH 

University of Maryland researchers have said that iron deficiency is the 
world's number one nutritional disorder but I say that EMOD 
insufficiency is manifestly and unmistakably the number one nutritional 
disorder.  4/20/08 RMH 

 

1.0.1  Prologue 

The unpredictable free radical theory 
has never “radisfied” the requirements of the 

scientific method, 
at least, not to my  

“radisfaction.” 
R. M. Howes, M.D., Ph.D. 

7/6/08 

 

1.0.2  Fundamental value of creative ideas 

In evaluating the fundamental value of an individual’s creative ideas, one must not 
rely solely on the preconceived acceptance of the so called good-old-boy network of 
experts, how many meetings the author has attended, how many organizations he 
belongs to, how many degrees he has accumulated, how many articles he has 
published or his demonstrated skills as a medico/scientific politician and con artist.  
Instead, I suggest that before accepting or rejecting another’s new and creative 
ideas, there is an absolute requirement for the unbiased evaluation of the 
intellectual integrity of the ideas themselves as regards their inherent honesty, 
ascertaining their persuasive strength based on the magnitude of prior established 
data and the courage to judge for yourself.  Anything less is cowardly pandering 
and appeasement of peers, which is likely to stall scientific progress, just as it has 
done, so many times in the past. Do not stick with a popular but erroneous notion 
just because it is the convenient and comfortable thing to do.  Do not be afraid to 
open your mind and to step into the future of scientific discovery. 

My opinions are biased, based upon decades of study and observations and not 
trammeled by adherence to any outside pressure constraints, marketed products, scientific 
social clubs, pharmaceutical companies, university faculties or peer groups. I readily 



admit my biases are to the preponderance of the data and to the application of common 
sense.  

The arguments set forward in my books suggest and substantiate possible mechanisms for 
the development of a new paradigm regarding electronically modified oxygen 
derivatives, as they relate to living/breathing aerobic cells. 

Oxygen free radical biochemistry, especially that of EMODs, is a gargantuan 
hodgepodge of confusing and conflicting data and terminology. To a limited extent, I 
have straightened out this colossal mess.  Actually, free radicals are at the very heart 
of our energy producing pathways, which consists of the electron transport chain and 
oxidative phosphorylation. Free radicals and EMODs provide the energy of life due to 
their reactions with oxygen. 

If EMODs are harmful, as is the basis of the free radical theory, the question of why 
evolution hasn't eliminated this trait from the gene pool, since it only damages the 
organism, answers itself. It is because EMODs are essential for homeostasis and 
pathogen and neoplasia protection.   

Our immune system affords us protection for invaders with the involvement of EMODs.  

I have proposed a hypothetical model to explain the biochemistry of oxygen metabolism 
in a unified theory and have proposed an innovative approach based on published 
literature, experimental data, logic and observations. I have painstakingly assembled the 
data to form the basis for my hypothesis and to indicate the likelihood that it is valid in 
vivo. 

I am constantly amazed at the inherent intelligence of the normally functioning human 
body.  It is a combinatorial system of interlinked pathways which nourish, sustain and 
support its attempts at prolonging and replicating its existence. It strives to perpetuate the 
life/death continuum.  It extracts needed sustenance from the environment and the 
gastrointestinal tract.  Basically, our body’s only means of intake is via breathing, eating 
and drinking. It is constantly monitoring the biochemical parameters within itself 
necessary to prevent disease and extend its life span.  We have very little conscious 
control or input over vast numbers of biochemical events which are crucial for our very 
existence.  Primarily, we basically run on auto-pilot. 

If EMODs are not purposefully useful, their presence in steady state levels 
represents a disabling affront to the wisdom of nature, natural selection and 
Darwinian evolution. 

These biochemical systems are the end result of billions of years of evolutionary 
screening and selection. We are the living/breathing culmination of eons of evolutionary 
wisdom and mistakes. The inherent sagacity of this selection process is, indeed, mind 
boggling.  



For the life of me, I can not see how theorists could propose that the generation of 
electronically modified oxygen derivatives (EMODs) must have been designed as a 
method of injuring or destroying the body.  This idea is counterintuitive to everything 
that we know about Darwinian theory.  Just as our fibrinolytic system must work 
constantly to prevent intravascular coagulation, our cells must constantly generate 
sufficient quantities of EMODs to stave off pathogens and disease and to maintain  a state 
of health and homeostasis.  The process of continual EMOD generation is essential for 
our sustained existence and not the result of a biochemical “leak” or “screw-up” with 
only pernicious intent. 

 

Science may be a psychological coping mechanism 
whereby we pretend to partially understand 

 the inexplicable and incomprehensible complexities of life  
and the anticipated, unfathomable specter concerning  

….death. 
It provides so little solace 

to succor scientists that they are scared 
out of their virtual senses. 

R. M. Howes, M.D., Ph.D. 
7/15/06 

 

Due to our present ignorance of EMOD functionality, we are just beginning to appreciate 
their role in the mysterious process called life. Additionally, belief in the flawed free 
radical theory, has held progress hostage in the enlightenment of their crucial 
participation in sustaining the vitality of the living/breathing cell.  Hopefully, this time of 
“intellectual stasis” is coming to an end.  Understanding of EMODs offers us nearly 
unlimited possibilities for controlling disease and delaying the ringing of  the apoptotic 
death knell of aerobic cells. 

My views are skewed to reflect my basic belief, based on extensive research that EMODs 
are of low toxicity and of high benefit to all aerobic cells. Thus, I have written “selective” 
reviews of varying diseases and their relationship to EMOD metabolism.  Also, please 
keep in mind that most diseases have multiple causes, manifestations and courses.   

Over the past few years my views on disease and health have dramatically changed.  
Previously, I thought that we existed in a state of health and at some point, diseases such 
as cancer, atherosclerosis, diabetes and even death came into our lives in the mid to latter 
decades of life. My views have changed significantly.  Health is maintained by the 
constant and continual efforts of the body to hold disease in abeyance. If and when the 
body becomes lax or incapable of fighting disease, then disease or death can manifests 
itself. 



Currently, I believe that we normally live in a zone of homeostasis that is represented by 
normal blood and urine chemistry values, normal chest x-rays, normal EKG’s, etc.  
However, any of these values are subject to gradual or instantaneous change. Also, we 
must be fortunate enough or lucky enough to avoid massive trauma, accidental injury 
induced death or being born with inherent genetic defects. We are subject to constant, 
complex, internal biochemical monitoring and adjustments.  

Diseases or biochemical circumstances collectively change these values and we drift or 
plunge out of this homeostatic zone of wellness into a condition of illness or if the values 
change drastically enough, we die.  As physicians, we try desperately and usually in a 
futile manner, to bring these values of normalcy back into kilter.  When diseases are 
combined or when multiple physiological systems are involved, their effects can be more 
rapid, cumulative and more devastating as is evident in multi-organ failure. 

Our bodies are filled with synchronized biochemical complexities that are actually and 
presently beyond comprehension.  Sure, we have an elementary grasp on a few of these 
but the manner in which they are simultaneously choreographed is beyond our grasp. We 
have compartmentalization of vast quantities of varying chemicals, such as glucose, 
sodium, potassium, insulin, thyroxin, etc.  This compartmentalization and spatial 
organization occurs from the cell, to the tissue, to the organ level.  Furthermore, our 
bodies are filled with sensors to monitor each of these agents and to make simultaneous 
adjustments accordingly, to keep us in a state of health or homeostasis.  If the level of 
these agents drifts from the range of normalcy, disease is manifested and may progress 
rapidly to death.  Oxygen and EMOD levels are crucial components of this homeostatic 
model of health.  

Wellness is maintained only by the vigilance of an extremely complex intrinsic 
continuously operational oxidative defensive system.  In other words, we are well or alive 
only because we maintain the ability to constantly fight off or repel pathogens or 
neoplasia, which can disrupt homeostasis and push us out of our zone of wellness, 
although it is obvious that any of these chemical balancing acts can go askew. 

 

Constant vigilance against pathogens 
is a requirement for prolonged aerobic organismal health. 

Hordes of attackers lay in wait, 
for relaxation of our oxidative capabilities, 

such that oodles of these nefarious onlookers can do their 
dirty work. 

R. M. Howes, M.D., Ph.D. 
9/21/06 

  



Our bodies harbor more than ten microbes per cell. Yet, we are not constantly infected.  
We are sanctuaries for countless “commensural” viruses and bacteria, which must be 
persistently held in abeyance.  However, they can manifest their pathogenicity the very 
instant that our bodies become “run down” or immunosuppressed or “biochemically 
caught off guard.”  I believe that this can also be brought on be being in an EMOD 
insufficiency state, which can be a part of an overall immunodeficiency. 

Apparently, if we exclude accidents or injury, we usually die because of the entrance into 
our lives of singular or combinations of diseases, which collectively push us farther out 
of our zone of homeostasis.  However, I believe that we can die from the consequences of 
altered biochemical parameters as a result of these diseases.   This has a tangential effect 
on lifespan because longevity appears to be determined by other more rudimentary 
factors.  In other words, the occurrence of disease can shorten ones genetically 
determined lifespan.  Apparently, many creatures die from “old age.” Yet, the genetic 
limits to death can be rapidly over ridden or accelerated by removal or stoppage of 
oxygen, water or nutrients, any of which, prevent us from maintaining our zone of 
wellness. Even the predatory cats of the African plains instinctively know that by cutting 
off the oxygen supply of their prey that death by suffocation will rapidly ensue. This act 
alone overrides any genetic determinants establishing life span. For aerobes, anoxia 
equals death and hypoxia portends conditions which “allow” the manifestation and 
perpetuation of disease.  I believe that the EMODs are one of the primary agents which 
offer continual prooxidant protection from diseases.  

Since ground state oxygen, triplet oxygen, is a diradical and since we are obligate 
aerobes, this fact, alone, invalidates the notion of the lethality of oxygen, as it is taught by 
the free radical theory. 

Additionally, at times, I now look at antioxidants as being “free radical precursors.”  
After all, all antioxidants become free radicals once they have given an electron to an 
oxidant.  Ergo, they are “free radical precursors.”   

Our bodies must be constantly vigilant in repairing or removing damaged cellular 
organelles, cellular biochemicals, and their respective tissue and organ counterparts.  If 
not, we “allow” disease to manifest itself and/or to progress. Obvioulsy, we can be born 
with or acquire imbalances in any or all of these homeostatic agents and systems. Further, 
these systems have differing levels of significance and impact upon health.  I believe that 
the crucial EMOD system is of low toxicity, as is evidenced by their constant presence in 
high numbers. 

The heart and the brain have enormous requirements for oxygen and they generate huge 
levels of EMODs.  Yet, they have intrinsically low levels of antioxidant enzymes and 
they can function properly, even throughout the lives of centenarians.  The retina of the 
eye has the highest oxygen consumption level in the body, it is exposed to excited state-
generating light, generates high EMOD levels and has a surprisingly low incidence of 
neoplasia and infections.   



Today, we have increased the lifespan because we have prevented or partially controlled 
some of the more common diseases such as, infections and diabetes and we are avoiding 
accidental or traumatic death.  Lifespans, that are being reached now, frequently 
represent its “normal” potential for length.  Of particular interest to me is that our 
increased life spans have been obtained in an era of high generation of oxygen free 
radicals into the environment (smoke, pollution, increased UV, decreased ozone layer, 
etc.). Obviously, something is wrong with the free radical theory. 

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, bacteria from becoming pathogenic, 
herpetic lesions from developing and cataract proteins from coalescing.  My review 
of the world literature revealed that spontaneous regression is seen in arteriosclerosis, 
cataract formation, diabetes, a wide range of cancers, HIV/AIDS, arthritis, etc.  This 
gives strong support to my 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, 
i.e., spontaneous regression would not be possible. 

According to Lester Packer, “A free radical is a molecule with an unpaired electron, 
seeking to strip an electron from another molecule, and thus having the capacity to 
damage vital compounds such as lipids and proteins. An antioxidant is basically an 
electron donor: it can quickly "disarm" a free radical by easily giving up one of its 
electrons. But in the process, the antioxidant itself becomes a weak free radical. 
Fortunately, if other antioxidants are present, the original electron donor can be 
"regenerated," or restored to its antioxidant status.”  Here, Packer acknowledges the fact 
that there are varying strengths to free radicals and this is the prime reason that each 
EMOD species should be discussed on the basis of its specific biochemical 
characteristics.  Some radicals such as superoxide are puny; whereas, others such as 
peroxynitrite are powerful. Unfortunately and erroneously, free radicals have been 
labeled as harmful by definition.  This is not true and neither is the blanket statement that 
all antioxidants are healthful by definition. 

Antioxidants, especially those of small molecular weight, “disarm” free radicals with no 
regard for the contributions of EMODs to cellular modulation or crucial cellular signaling 
roles.  Obviously, that is an indiscriminant and dangerous situation. 

Thus, it behooves us to maintain our oxidative abilities and avoid anything which can 
potentially minimize prooxidant protection.  We have repeatedly seen the failure of 
antioxidants to prevent or reverse diseases and have seen their harmful potential.  Still, 
the radico-phobes deny an overwhelming accumulation of data which discounts and 
invalidates the free radical theory. They only see through antioxidant-colored glasses, as 
it relates to disease and aging, which taints and blocks their view of biochemical truth. 



Randolph M. Howes, M.D., Ph.D. 

 
 
1.0.3  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. 

Disclaimer: Throughout this website, statements are made pertaining to the properties 
and/or functions of food and/or nutritional products. These statements have not been 
evaluated by the Food and Drug Administration and these materials and products are not 
intended to diagnose, treat, cure or prevent any disease. 

1.0.4  Introduction   

1.0.4.1  The EMOD Insufficiency syndrome of Howes or the ROSI syndrome 
(reactive oxygen species insufficiency syndrome) 

It appears to me that the major diseases of cancer, atherosclerosis, diabetes, arthritis, 
stroke, HIV/AIDS, Alzheimer’s disease, hypertension and cataract formation, all share a 
common trait of premature aging.  These diseases are commonly linked, coexistent or 
clustered and I have endeavored to find the underlying biochemical mechanism 
responsible for this association.  I have concluded that these diseases share a defect in 
oxygen metabolism, whereby they can not produce adequate levels of electronically 
modified oxygen derivatives (EMODs).  Ergo, I believe that increasing the body’s 
collective oxidative capacity will help provide disease prevention, prooxidant pathogen 
protection, increase tumoricidal activity and aid in oxidative self healing.  I refer to this 
EMOD deficiency as the “Howes’ EMOD insufficiency syndrome.”  I also call this the 
ROSI syndrome (Reactive Oxygen Species Insufficiency syndrome).  I have found 
considerable data to support my position.   

 



1.0.4.1  Oxygen factoids 

Oxygen is essential to respiration, so oxygen supplementation has found use in medicine 
(as oxygen therapy). People who climb mountains or fly in depressurized airplanes 
sometimes have supplemental oxygen supplies; the reason is that increasing the 
proportion of oxygen in the breathing gas at low pressure acts to increase the inspired 
oxygen partial pressure nearer to that found at sea-level. A notable application of oxygen 
as a very low-pressure breathing gas, is in modern spacesuits, where use of nearly pure 
oxygen at a total pressure of about 1/3rd normal, results in normal blood partial 
pressures of oxygen. 

Oxygen has seventeen known isotopes with atomic masses ranging from 12.03 u to 28.06 
u. Three are stable, 16O, 17O, and 18O, of which 16O is the most abundant (over 99.7%). 
The radioisotopes all have half-lives of less than three minutes. At sea-level pressures, 
mixtures containing less than 50% oxygen are essentially non-toxic. 

Oxygen is the most common component of the Earth's crust (49% by mass), the second 
most common component of the Earth as a whole (28.2% by mass), and the second most 
common component of the Earth's atmosphere (20.947% by volume), second to nitrogen. 

 

Throughout recorded history,  
man is the only species scampering 

to participate in mass insanity… 
alone or in groups,  

over and over again. 
R. M. Howes, M.D., Ph.D. 

12/13/06 

 

1.0.5  Personal introductory comments:  “Radical Planet” 

Our environment is effectively saturated with electronically modified oxygen derivatives 
(EMODs).  We live on a “radical planet.”  Singlet oxygen, a name given to several 
higher energy species of molecular oxygen in which all the electron spins are paired, is 
much more reactive towards common organic molecules. In nature, singlet oxygen is 
commonly formed from water during photosynthesis, using the energy of sunlight. It is 
also produced by the immune system as a source of active oxygen. The air and the water 
are fundamentally filled with hydrogen peroxide, superoxide anion, the hydroxyl radical 
and singlet oxygen.  Yet, the birds and the bees have not fallen from the sky, the 
aquatic dwellers are not floating belly-up and the surface occupiers are upright and 
flourishing.  The dreaded “oxypocalypse” has not materialized as predicted by the free 
radical theorists. These free radical preachers of doom and gloom have invalidated their 
own brainwashed theory by its inherent lack of predictability and its inconsistencies. 

http://en.wikipedia.org/wiki/Medicine
http://en.wikipedia.org/wiki/Mountain
http://en.wikipedia.org/wiki/Partial_pressures
http://en.wikipedia.org/wiki/Partial_pressures
http://en.wikipedia.org/wiki/Isotope
http://en.wikipedia.org/wiki/Atomic_mass
http://en.wikipedia.org/wiki/Earth%27s_crust
http://en.wikipedia.org/wiki/Earth%27s_atmosphere


Immune systems of higher organisms have long made use of reactive forms of oxygen 
which they produce. Not only do antibodies catalyze production of peroxide from 
oxygen, it is now known that immune cells produce peroxide, superoxide, and 
singlet oxygen in the course of an immune response. Recently, singlet oxygen has been 
found to be a source of biologically-produced ozone: this reaction proceeds through an 
unusual compound dihydrogen trioxide, also known as trioxidane, (HOOOH) which is an 
antibody-catalyzed product of singlet oxygen and water. This compound in turn 
disproportionates to ozone and peroxide, providing two powerful antibacterials.  

I am convinced that a state of health is due to the constant warding off of 
disease.  This is not particularly a new general concept but my proposal for the 
salutary role of EMODs is uniquely new. These diseases are frequently the result of 
bacteria, viruses, fungi, parasites and neoplasia. Shielding us from disease is, in 
part, accomplished by the “continuously operational intrinsic oxidative defensive 
system.”  

I have racked my brain to find the most egregious examples for making my case that 
EMODs are beneficial essentials and are, in fact, of low toxicity.  On the one hand, 
patients with chronic granulomatous disease (CGD) can not produce superoxide anions 
and they are subject to repeated infections and tumors called granulomas. These CGD 
conditions ultimately culminate in their early deaths.  Further, Russian studies have 
shown that rats and mice raised in a superoxide-free atmosphere will die in 2-3 weeks.  
Additionally, knock out mice for the gene which makes superoxide dismutase (SOD) 
quickly die.  Please remember that SOD functions to produce H2O2 from superoxide. 
Swiss acatalasemics, who can not produce catalase to break down H2O2, live essentially 
normal lives. Thus, I ask, “How toxic is H2O2 ?” 

Myeloperoxidase (MPO) serves an unexpected, protective function in atherosclerosis in a 
hypercholesterolemic murine model and it generates hypochlorous acid (HOCl).  The free 
radical theory states that EMODs are causal for atherosclerosis but decreased levels of 
superoxide do not prevent atherosclerosis. Additionally, individuals with total MPO 
deficiency show a high incidence of malignant tumors.  These facts are strong arguments 
and support for my Unified theory and they serve as powerful arguments against the free 
radical theory. 

Adipocytes of obese patients exhibit inflammation and hypoxia and have limited 
capability to generate EMODs.  Obese patients are subject to increased risk of infections, 
delayed wound healing, diabetes, cancer and cataract formation. Obviously, I believe that 
these circumstances are directly related to decreased EMOD generation and to the 
development of a condition that I call  “Howes’ EMOD insufficiency syndrome.” [The 
ROSI (reactive oxygen species insufficiency) syndrome of Howes]. 

Immunosuppressed patients are subject to infections and cancer.  In 2001, 62,000 people 
in the United States died of influenza or pneumonia. And each year, around 215,000 
people in the United States die from severe sepsis, which is more than die from breast, 
colorectal, pancreatic, and prostate cancer combined. Tuberculosis, once considered 



under control, now kills 1.7 million every year. At the same time, new infectious diseases 
are emerging around the globe in such forms as bird flu and severe acute respiratory 
syndrome (SARS). I believe that these patients have an “endogenous EMOD 
insufficiency state.” (Reactive Oxygen Species Insufficiency syndrome, The ROSI 
syndrome of Howes). 

We now know that all antibody immune reactions involve the participation of EMODs, 
such as H2O2, hypochlorous acid, ozone and singlet oxygen. Prooxidant protection is 
crucial in combating bacterial, fungal, viral, and protozoan pathogens.  HIV/AIDS 
patients suffer from repeated infections and Kaposi’s sarcoma.  These patients have a 
lacking ability to generate EMODs. Please remember that diabetes and arthritis are 
considered to be associated with immunosuppression by many authors and I believe that 
they are related to an EMOD insufficiency.  

There is no doubt that oxidation represents our first line of defense against pathogens and 
neoplasia. We know that the proper healing of wounds requires the participation of 
EMOD generating enzymes and without adequate collagen synthesis, normal healing can 
not occur.  This is an obvious example of oxidative self healing. 

On the other hand, hyperbilirubinemic babies treated with phototherapy, which 
specifically generates excited singlet oxygen, are not only cured of their jaundice but they 
live normal lives and attain normal life spans.  These babies have been exposed to 
EMODs at one of the most vulnerable times of their lives (they have low antioxidant 
enzyme levels, their diet does not contain many of the low molecular weight antioxidants 
and colostrum is high in hydrogen peroxide), yet, they suffer no ill effects of these high 
doses of singlet oxygen.  In fact, these babies are suffering from a build up of the 
antioxidant, bilirubin and are cured by the generation of an EMOD, singlet oxygen. 

Free radical theorists predicted that combining iron and peroxide would produce the 
deleterious and possibly mutagenic hydroxyl radical, via the Fenton reaction, resulting in 
damaging carcinogenesis because of uncontrolled reactions of the hydroxyl radical with 
proteins and DNA.  Countless patients have irrigated, flushed, washed, and debrided 
wounds with 3% H2O2 for decades and by doing so have directly combined H2O2 with 
hemoglobin-iron at the injury or bleeding site. According to the free radical theory, this 
combination of H2O2 and iron should predictably produce the mutagenic and damaging 
hydroxyl radical but I can not find even one example of tumors or cancers at these sites in 
the literature.  In fact, all I can find are examples of H2O2 aiding in the killing of 
pathogens, increasing local oxygen levels and augmenting wound healing.   

Exercise has proven to be of great overall benefit to generalized health and to serve as an 
adjunct in the treatment of conditions considered to be caused by high levels of EMODs, 
such as diabetes, cancer, atherosclerosis, obesity and arthritis.  Unquestionably, exercise 
always results in generation of high levels of EMODs and they are associated with 
salutary effects, reduction of diseases and their comorbidity and not related to harmful 
sequelae. 



In my sixth book, I was only going to discuss and review diabetes but it readily became 
apparent that I would have to include discussions of obesity, hypertension and 
atherosclerosis as well, since they are intimately linked to the diabetic condition. 
Additionally, obesity has been linked to chronic diseases, such as type 2 diabetes, 
cardiovascular disease, hypertension and stroke, and some forms of cancer.  

Further, I wished to present an overview of my electronically modified oxygen derivative 
(EMOD insufficiency) syndrome, which includes cancer, atherosclerosis, 
strokes, obesity, diabetes, arthritis, hypertension, premature aging and 
cataracts. Many of these diseases serve as risk factors for others in this group.  Having 
a risk factor for a disease makes the chances of getting a condition higher but does 
not always lead to development of the disease. Also, the absence of any risk factors 
or having a protective factor does not necessarily guard you against getting the 
disease. There are other cases where one disease raises the risk of another. 

Major trials do not prove the value of antioxidant vitamins. In fact, many have failed. 
They suggest that many of the so called antioxidant benefits may have been overstated 
and that there may be some serious adverse effects. Currently, clinical trial results are our 
best bet to assess the risks and benefits of antioxidant supplements. However, although 
positive responses have been reported with these agents, many reports have shown no 
benefit, and there are widespread disparities in the literature. 

My work is not going to be just a step forward, it's going to be a potential 
revolution. Once we have identified the mechanism for disease causation, steps can be 
logically taken for control, prevention or cure of these disease entities. 

Ninety nine percent of today’s medical and scientific papers assume or accept the validity 
of the free radical theory and the concept of so-called oxidative stress. The literature is 
filled with erroneous prejudice towards EMODs. Investigators design their studies to 
validate the erroneous Free Radi-Crap theory and when their results fail to do so, they 
seriously question their very own experiments. 

Benjamin Franklin had stated in the Declaration of Independence, “We hold these truths 
to be self evident.” Franklin had borrowed this term from Newton.  Scientists, including 
Einstein, had tried to describe natural phenomenon with theories of unification.  I have 
done similarly with the biological systems which utilize oxygen metabolism and I believe 
that I have presented facts of oxygen metabolism which are self evident, with regards to 
its essentiality and its low toxicity, even though this contradicts many in vitro 
experiments.  The magic occurs in the living/breathing cell. In vitro experiments are 
filled with “dead artifacts.” 

My work is bolstered by the application of Occam’s razor or the rule of parsimony, in 
that the simplest explanation is usually the right answer.  The most basic aspect of disease 
manifestation is alterations in oxygen and EMOD levels. Oxygen metabolism is a key 
factor in disease causation, homeostasis, prooxidant protection and oxidative self healing.  



It is crucial in the maintenance of a continually operational intrinsic oxidative defensive 
system. 

I have attempted to keep abstracts in a recognizable form and thus have not labeled 
them as such. Also, I have tried my very best to be certain to reference all materials 
cited in my books. 

If one were to take the literature on oxygen free radicals (EMODs) in its entirety, one 
would probably be led to discount all theories since results are spread all over the place 
and filled with inconsistencies.  In other words, when there exists diametrically opposed 
data, which is the correct data?  Or, can it be that both are correct?  Or, is it such that both 
are wrong?   

The widely varying and confusing risk measurements from different studies raise a 
question as to a proper risk value for diabetes and CVD.  Knowledge about the key 
mechanisms that cause a disease is a usual requirement for designing methods to reduce 
or eliminate its risk. 

It has been said that one must use caution in recommending antioxidant 
supplements to people with diabetes. One basis for this caution is that, under certain 
circumstances, vitamin E or C can actually act as a prooxidant. Also, vitamin C shares 
several cellular transport mechanisms with glucose, and it can increase the rate of 
absorption of iron, which is a prooxidant.  However, because of years of study, I do not 
believe that this prooxidant activity is as harmful as is their antioxidant activity. 

A lack of oxygenation leads to a lack of oxidation by EMODs, 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. 
 
Additionally, each EMOD species must be considered separately due to differences 
in reaction characteristics and chemical qualities. We can no longer lazily and 
incorrectly lump them under one erroneous and misleading heading, such as 
reactive oxygen species.  
 
The use of the term “oxidative stress” is misleading and overlooks the fact that oxygen 
species are in a state of constant change (flux) in the organelles, the cell itself, the tissue 
and the entire aerobic organism. Our redox status is a changing entity. 

As I said in my book entitled, Medical and Scientific Significance of Oxygen Free 
Radical Metabolism,  “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 and electron and proton movement, which 
form a major part of our “intrinsic defensive system.”   



Cyclic neutropenia, chronic granulomatous disease and spontaneous regression of cancer 
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.  

Oxygen plays a pivotal role in the maintenance of life for all eukaryotes, with the 
exception of strict anaerobes. Eukaryotes have developed mechanisms to sense and 
respond to decreased oxygen levels.  

All living aerobic organisms have adaptive mechanisms to maintain oxygen 
homeostasis. 

Antioxidant vitamins demonstrate how a therapy that is reportedly safe, because it 
allegedly has no biochemical effect, can do damage. (RMH 11/16/07).  People say 
antioxidant vitamin ingestion cannot do any harm but when it is being promoted for 
cancer, heart disease and stroke cures, then there is a serious problem.  Making false 
claims about treating colds is one thing but it is quite another to make false claims about 
reversal of aging or curing cancer. 
 
 

With collision analysis, we struggle to determine 
the inner working quantum characteristics of the atom  

and its subatomic clan.  
Fission, fusion and scatter have yielded scant knowledge 

of their non-Newtonian world.   
Yet, even the slightest of these particles 

knows all of the inherent quantum laws and follows them explicitly.  
They have demonstrated this to us in the box-car letters, 

spelled out on the periodic table. 
Their distinctive behavior demonstrates  
their inherently distinctive knowledge. 

They are the site of the cognitive atomic and 
molecular thinking matrix, which dictates 

the habits of the world,  
and which envelops all. 
R. M. Howes, M.D., Ph.D. 

11/15/06 



1.0.6  Howes’ First Law  
 
Howes’ first law states that at a constant physiological state, the likelihood of developing 
a disease, an infection or a cancer is inversely proportional to the cumulative EMOD 
level or to a disproportionate change in the value of any singular EMOD of appropriate 
reactivity. 
 
1.0.7  Howes’ Second Law 
 
Howes’ second law states that during times of physiological changes, the risk of 
developing a disease, an infection or a cancer is inversely proportional to the overall 
cellular oxidative state. 
 
1.0.8  Howes’ Third Law 
 
Howes’ third law states that the amount of EMODs produced by a cell, which does not 
have mitochondrial damage or electron transport chain uncouplers present, is 
proportional to the partial pressure of oxygen in contact with the respective cell or tissue, 
similar to the law of mass action. 
 
1.0.9  Howes’ Fourth Law 
 
Howes’ fourth law states that in a mixed EMOD environment, each EMOD species will 
react in proportion to its specific chemical reactivity and to its specific environmental 
conditions (i.e., temperature, pressure, reactant concentrations, cellular location, pH, 
oxygen partial pressure, etc.). 
 
1.0.10  Howes’ Law of cellular biochemical reactions 
 
No cellular biochemical reaction occurs in a vacuum and each reaction affects one or 
more interconnected or related cellular, tissue or organ biochemical reactions. 
 
1.0.11  Howes’ Law of risk of infection 
 
Oxidative killing by neutrophils are thus directly related to tissue oxygen partial pressure  
and inversely related to the risk of an infection. 
 
1.0.12  Howes’ Law of Common Chemistry 
 
All aerobic organisms share biochemical pathways common to all biota.  What goes for 
aerobic bacteria goes for man but what goes for tube worms and anaerobes do not. 
 
 
 
 



Many authors speak of a tortuously slow 
corrosive oxidation of the body. 

Yet, the fundamental place that I see decomposition  
is throughout the supportive infrastructure  

of the free radical theory. 
Failed predictions have rusted away 

 any columns of credibility 
and left behind an eroded pile  

of tarnished confusion.   
R.M. Howes M.D., Ph.D. 

12/27/06 
 
 
 
 
 
1.1.0  Antioxidant vitamins, free radicals and oxygen myths 
 
Many patients receive ineffective therapies, take harmful medications and/or ingest 
feeble or useless vitamins but, overall, people should not have so-called treatments 
which have no proven benefits, especially if these same treatments have been shown 
to be costly and unsafe, which is the case with antioxidant vitamins.  RMH 5/16/08 

 
1.1.1  “Vitamine” history 

Vitamin supplements, once called "vitamins," were once touted as miracle cures, 
beauty boosts, and sex aids. Yet, as scientific investigations have progressed, vitamins 
have slowly worked their way via clever marketing into the mainstream, in spite of a lack 
of scientific support. 

By 1921, only vitamins A, B, and C were known, according to Rima L. Apple, author of 
Vitamania and a professor of consumer science at the University of Wisconsin. Due in 
part to increasing government interest in nutrition, by the 1940s the number of known 
vitamins was 20.  

For over a century before Linus Pauling, English sailors ate limes to prevent an anemia-
causing condition called scurvy. Preventing scurvy wasn't the only merit of vitamin C 
and later a researcher dubbed vitamin C a "mystic white crystal of health."  Clinical 
trials over the years have failed to support Pauling's argument that vitamin C prevents 
colds.   
 
During World War II, soldiers were shipped off to battle with vitamin packets along 
with their rations. Researchers argued that workers taking vitamin B seemed 



calmer and were less likely to go on strike. By 1937, manufacturers regularly enriched 
flour with niacin, one of the B vitamins.  

Some gung-ho vitamin proponents suggest that the fictitious cartoon character, Popeye, 
ate spinach, rich in vitamin E, to boost his strength. But vitamin E has a racier reputation. 
Its chemical name, tocopherol, comes from the Greek word meaning "to bear offspring" 
which is a reference to its reputation for improving sexual prowess.  Unfortunately, that 
myth has also been debunked as have many other outrageous claims of benefits from 
tocopherol. 

"It was sort of the naughty vitamin," says Jeffrey Blumberg, PhD, a professor of nutrition 
at the Jean Mayer USDA Human Nutrition Research Center on Aging at Tufts University 
in Boston.  

In the 1990s vitamin E has been revealed as a powerful antioxidant and as a failure in 
clinical studies.  In 1993, researchers from Harvard University found that those who 
took vitamin E reduced their risk of heart disease by nearly 40 percent, says Meir 
Stampfer, MD, a researcher at the Harvard School of Public Health.  Yet, subsequent 
randomized clinical trials on hundreds of thousands of people have failed to 
substantiate the wild claims for vitamin E.  

Subsequently, many in vitro studies have shown that dietary antioxidants, such as vitamin 
C (ascorbic acid), vitamin E ( -tocopherol), ß-carotene, and flavonoids, act as effective 
antioxidants in biological systems such as plasma, lipoproteins, and cultured cells.  For 
example, vitamin C effectively inhibits lipid and protein oxidation in human plasma 
exposed to various (patho)physiologically relevant types of oxidative stress, such as 
activated polymorphonuclear leukocytes, reagent or myeloperoxidase-derived 

hypochlorous acid, cigarette smoke, or redox-active iron or copper ions (Frei, B., 
England, L. & Ames, B. N. (1989) Ascorbate is an outstanding antioxidant in human 
blood plasma. Proc. Natl. Acad. Sci. U.S.A. 86:6377-6381) (Institute, of, Medicine 
(2000) National Academy of Sciences, Food and Nutrition Board, Panel on Dietary 
Antioxidants and Related Compounds 2000 Dietary Reference Intakes for Vitamin C 
Vitamin E, Selenium, and Carotenoids. National Academy Press, Washington, DC) 
(Packer, L. Traber, M. G. Kraemer, K. Frei, B. eds. The Antioxidant Vitamins C and E 
2002 AOCS Press Champaign, IL.).  
 
Vitamin E is the most abundant lipid-soluble antioxidant in human lipoproteins and 
tissues and acts as a chain-breaking antioxidant against lipid peroxidation (Packer, L. 
Traber, M. G. Kraemer, K. Frei, B. eds. The Antioxidant Vitamins C and E 2002 AOCS 
Press Champaign, IL.).  
 
ß-carotene, lycopene, lutein, and other carotenoids and oxy-carotenoids are efficient 
singlet oxygen quenchers and, thus, may be important in protecting the eye and skin 
against UV-induced oxidative damage (Institute, of, Medicine (2000) National Academy 
of Sciences, Food and Nutrition Board, Panel on Dietary Antioxidants and Related 



Compounds 2000 Dietary Reference Intakes for Vitamin C Vitamin E, Selenium, and 
Carotenoids. National Academy Press, Washington, DC).  
 
These small-molecule dietary antioxidants interact with each other in an "antioxidant 
network" and complement antioxidant enzymes and metal-binding proteins present in 
cells and extracellular fluids.  Yet, even with this “network” of antioxidants, studies 
still fail to prevent or reverse alleged diseases caused by EMODs.  
 

Virtually no clinical trials conducted thus far have assessed baseline oxidative stress 
levels in the subjects studied by measuring at least one relevant oxidative biomarker. 
Without this information, it is impossible to know which subjects are under increased 
oxidative stress (if any) and, thus, may benefit from antioxidant treatment. It also is not 
known whether the antioxidant supplements had the intended effect of lowering oxidative 
stress.  

Due to these limitations of clinical trials, it remains impossible to conclude whether so-
called oxidative stress plays a causal role in CVD, cancer, and other chronic diseases in 
humans or whether oxidative stress is an epiphenomenon unrelated to the pathogenesis or 
even a consequence of the disease (Efficacy of Dietary Antioxidants to Prevent 
Oxidative Damage and Inhibit Chronic Disease.  Balz Frei.  The American Society for 
Nutritional Sciences J. Nutr. 134:3196S-3198S, November 2004).   

1.1.2  The antioxidant myth: a medical fairy tale – from New Scientist.  
 
(The antioxidant myth: a medical fairy tale – from New Scientist.   
http://www.newscientist.com/article/mg19125631.500.html (5 August 2006)  
New Scientist. Pg. 40-43. volume 191; issue 2563. Story by Lisa Melton. 
 
CRANBERRY capsules. Green tea extract. Effervescent vitamin C.  Pomegranate 
concentrate. Beta carotene. Selenium. Grape seed extract.  High-dose vitamin E. Pine 
bark extract. Bee spit.   
 
You name it, if it's an antioxidant, we'll swallow it by the bucket- load. According to 
some estimates around half the adults in the US take antioxidant pills daily 
in the belief they promote good health and stave off disease. We have become antioxidant 
devotees. But are they doing us any good? Evidence gathered over the past few years 
shows that at best, antioxidant supplements do little or nothing to benefit our health. 
At worst, they may even have the opposite effect, promoting the very problems they 
are supposed to stamp out.  
 
It's little surprise that antioxidants have acquired a reputation as miracle health 
supplements. As long ago as the 1950s, scientists discovered that many diseases – 
including heart disease, strokes, cancer, diabetes, cataracts, arthritis and 
neurodegenerative disorders such as Parkinson's and Alzheimer's – were linked to 
damage caused by highly destructive chemicals called free radicals.  

http://jn.nutrition.org/misc/terms.shtml
http://jn.nutrition.org/misc/terms.shtml
http://www.newscientist.com/article/mg19125631.500.html


 
Free radicals are compounds with unpaired electrons that stabilize themselves by 
oxidizing other molecules – including proteins, carbohydrates, lipids and DNA. In the 
process they often create more free radicals, sparking off a chain of destruction 
(allegedly). Oxidative damage accompanies most, if not all, diseases and has even been 
proposed as a direct cause of some including lung cancer, atherosclerosis and 
Alzheimer's.  
 
Free radicals are an unavoidable hazard of being alive. We live in an oxygen-rich 
atmosphere, and radicals, particularly reactive oxygen species (ROS), are natural by-
products of respiration. "One per cent of the oxygen we consume turns into ROS," says 
biochemist Barry Halliwell from the National University of Singapore. "It doesn't sound 
like much but humans are big animals and we breathe a lot. Over a year a human body 
makes 1.7 kilograms or 3.74# of ROS, which is a conservative estimate." Exposure to X-
rays, ozone, tobacco smoke, air pollutants, microbial infections, industrial chemicals 
and intensive exercise also trigger free radical production.  
 
In the 1980s, however, a potential weapon against free radical damage appeared on the 
horizon. Scientists had known for a long time that people whose diets are rich in fruits 
and vegetables have a lower incidence of heart disease, diabetes, dementia, stroke and 
certain types of cancer – the very diseases that are associated with free radical damage. 
Now there was an explanation. Fruits and vegetables are a rich source of antioxidants that 
can (allegedly) neutralize free radicals by donating electrons to them.  
 
Green plants are full of antioxidants for good reason. They are especially vulnerable to 
oxidative stress since they produce pure oxygen during photosynthesis. To protect 
themselves they manufacture an assortment of potent antioxidants.  
 
And so a hypothesis was born: dietary antioxidants are free-radical sponges that can stave 
off the diseases of old age. It was a great idea. "Putting two and two together, scientists 
assumed that these antioxidants were protective, and that taking them as supplements or 
in fortified foods should decrease oxidative damage and diminish disease," says 
Halliwell, who pioneered research into free radicals and disease. "It was simple: we said 
free radicals are bad, antioxidants are good."  
 
The concept helped spawn a colossal supplements industry. According to the US 
National Institutes of Health (NIH), more than half of US adults take some form of 
vitamin or mineral supplement at a total cost of $23 billion a year. The bewildering 
range of supplements on the shelves makes it hard to say how much of this expenditure 
goes on antioxidants, but the NIH says it is probably a "large proportion".  
 
And their popularity just keeps on growing. SPINS, a market research firm based in San 
Francisco, estimates that the antioxidant market has grown by 18 per cent in the past 
year alone.  
 
 



The best known antioxidants are vitamin E (also known by its chemical name 
tocopherol), vitamin C, and two broad classes of plant chemicals called polyphenols 
(including flavonoids) and carotenoids (including beta carotene and lycopene). Most 
supplements touted as antioxidants contain at least one of these, often as a pure chemical 
and sometimes as a concentrated plant extract.  
 
Since the early 1990s scientists have been putting these compounds through their paces, 
using double-blind randomized controlled trials – the gold standard for medical 
intervention studies. Time and again, however, the supplements failed to 
pass the test. True, they knock the wind out of free radicals in a test tube. But once 
inside the human body, they seem strangely powerless. Not only are they bad at 
preventing oxidative damage, they can even make things worse. Many scientists are 
now concluding that, at best, they are a waste of time and money. At worst they could 
be harmful.  
 
The first antioxidant to produce disappointing results was beta carotene. Once a star 
among supplements, beta carotene pills were recommended to smokers to protect them 
against lung cancer. This was largely based on the observation, made in the 1970s, that 
people who ate a lot of carrots – which contain large quantities of beta carotene – had 
some protection against cancer.  
 
In 1992 researchers at the US National Cancer Institute set about testing beta carotene. 
They recruited more than 18,000 people at high risk of developing lung cancer, either 
because they smoked or had been exposed to asbestos, and gave around half of them beta 
carotene supplements. The trial was supposed to run for six years, but the researchers 
pulled the plug two-thirds of the way through after discovering, to their surprise and 
horror, that those taking supplements were faring worse than the controls. Their lung 
cancer rate was 28 per cent higher, and the overall death rate was up 17 per cent. "It was 
a shock. It not only did no good but had the potential to do harm," Halliwell says.  
 
The researchers couldn't be sure that these increases were not caused by chance, and beta 
carotene capsules are still widely sold as an antioxidant. Further trials, though, have 
strengthened the evidence that beta carotene supplements not only fail to protect people 
against cancer but can also increase the risk of lung cancer in smokers. In May of this 
year (2006) an expert panel convened by the NIH concluded that there was no evidence 
to recommend beta carotene supplements for the general population, and strong evidence 
to recommend that smokers avoid it.  
 
It's a similar story with the world's most popular antioxidant.  
 
Vitamin E shot to fame in the early 1990s, after two large studies involving more than 
127,000 people in total found that those with a diet high in vitamin E were significantly 
less likely to develop cardiovascular disease. The first study followed 87,245 female 
nurses for eight years; it found that the top 20 per cent with respect to vitamin E 
consumption had a 41 per cent lower incidence of cardiovascular disease than the bottom 
20 per cent (New England Journal of Medicine , vol 328, p 1444). The second study, 



involving 39,910 male health professionals, found a similar reduction in heart disease risk 
(New England Journal of Medicine , vol 328, p 1450).  
 
The researchers, based at Harvard Medical School and Harvard School of Public Health, 
even had a plausible mechanism. Evidence was emerging that one of the causes of heart 
disease was free radical damage to LDLs, tiny packages of lipid and protein that circulate 
in the bloodstream, delivering fatty acids to cells. It turned out that adding vitamin E to 
blood samples in the test tube made LDL more resistant to oxidation. Perhaps this was 
how vitamin E prevented heart disease. "At the biochemical level, the rationale sounded 
so good – at that time," says Roland Stocker, a biochemist at the University of New 
South Wales in Sydney, Australia.  
 
Use of vitamin E supplements soared. In 1990, almost nobody took vitamin E; by the 
end of the decade an estimated 23 million US citizens were knocking back daily 
doses.  
 
On the back of these positive results, other researchers set up large studies using vitamin 
E supplements. The results, however, have been almost universally disappointing. 
Only one experiment – the Cambridge heart antioxidant study (CHAOS) – found a 
positive effect, a 77 per cent reduced risk of heart attack. Several others found no 
protective effect and one even concluded that vitamin E increased the risk of heart 
failure.  
 
Time for a rethink?   
Other trials designed to test whether vitamin E supplements could prevent cancers, such 
as the ATBC study in Finland, also came in negative. Vitamin E also did not halt the 
progression to Alzheimer's disease in people with mild cognitive impairment.  
 
What is more, when scientists went looking for evidence that vitamin E protected LDL 
against oxidation in the body, not just in the test tube, they found none – except in people 
with vitamin E deficiency (Journal of the American Medical Association , vol 285, p 
1178). In fact, despite good evidence that vitamin E is a powerful antioxidant in the test 
tube, there is now serious doubt that it acts the same way in the body. "Vitamin E 
is not an antioxidant. In fact it must be protected against oxidation," says Angelo 
Azzi, a biochemist at Tufts University in Boston, Massachusetts. He points out that 
vitamin E exists in eight different forms in nature, all of which function as 
antioxidants in the test tube. Yet the body only uses one form, alpha tocopherol, 
which is pulled out of the bloodstream by a highly specialized protein in the liver. 
All the other forms are excreted.  
 
Azzi argues that evolution is unlikely to have gone to such great lengths simply to obtain 
an antioxidant from the diet. "There are millions of antioxidants," he says.  
 
Vitamin E is clearly doing something in the body – it is an essential part of the diet and 
deficiency leads to neurological problems – but whatever it's doing, it's not an 
antioxidant.  



There is even some evidence that vitamin E supplements can be harmful. A team led by 
Edgar Miller of the Johns Hopkins Medical Institutions in Baltimore made headline 
news when they amalgamated the results of 19 separate trials and concluded that high 
doses of vitamin E increase overall mortality (Annals of Internal Medicine , 2005. vol 
142, p 37) – though this conclusion remains controversial. "It's flawed," asserts Azzi. 
"We re-analyzed the data and there is no change in mortality." "Most people agree that 
there is no good evidence that large doses are harmful," adds Stocker.  
 
Vitamin C is another disappointment. "People are still trying to defend it, but you 
don't get an effect on free radical damage unless you start with people with a 
vitamin C deficiency," says Halliwell. "I think it is a lost cause." In fact, results from 
a vast US trial probing the links between diet and health, called the Women's Health 
Study, suggest that vitamin C supplements may accelerate atherosclerosis in some 
people with diabetes.  
 
One class of antioxidants that remains relatively unresearched is polyphenols. What little 
evidence there is comes from epidemiological studies, some of which suggest that 
polyphenols prevent disease and others of which do not. While polyphenols act as 
antioxidants in the test tube, it is not clear that they are absorbed into the 
bloodstream, and if they are, they are swiftly metabolized. For example, 95 per cent 
of a flavonoid called resveratrol – the one found in red wine – is 
destroyed by our digestive system before it enters circulation.  
 
The conclusion is becoming clear: whatever is behind the health benefits of a diet rich in 
fruits and vegetables, you cannot reproduce it by taking purified extracts or vitamin 
supplements. "Just because a food with a certain compound in it is beneficial, it does not 
mean a nutraceutical [with the same compound in] is," said Paul Coates, who works in 
the Office of Dietary Supplements at NIH.  
 
Yet the fact remains that people eating diets abundant in vitamin C, vitamin E, 
polyphenols and carotenoids are less likely to suffer heart attacks, vascular disease, 
diabetes and cancer. One explanation is that these people have a generally healthier 
lifestyle – they exercise more and smoke less, for example. For now, no one knows for 
sure.  
 
Tough vegetables  
 
There are some ideas. Halliwell still believes that antioxidants are at least partly 
responsible. He argues that because the polyphenols, carotenoids and vitamins in fruit 
and vegetables are bound into tough, fibrous material, they hang around in the stomach 
and colon, where they can neutralize free radicals. The gastrointestinal tract, especially 
the stomach with its highly acidic environment, is constantly generating reactive 
oxygen species from food. Supplements may not replicate this effect because they are 
digested too quickly.  
 
Andrew Shao from the Council for Responsible Nutrition, a supplement industry trade 



association based in Washington DC, argues along similar lines. He says that pulling a 
nutrient out of context and testing it in a clinical trial is not appropriate. "Antioxidants 
should not be expected to perform as drugs," he insists. "That's simply not how nutrients 
work. They work in concert with each other."  
 
There's yet another, more intriguing explanation. Among the leading sources of dietary 
antioxidants are tea and coffee, and there is some evidence that green tea in particular is 
linked with health benefits including reduced risk of cancer and cardiovascular disease. 
Oddly, though, Halliwell has discovered that tea and coffee are also bursting with 
reactive oxygen species in the form of hydrogen peroxide.  
 
"Every time you drink a cup of coffee it's a dilute bowl of hydrogen peroxide," says 
Halliwell. The hydrogen peroxide is there because of the presence of the 
antioxidants – "antioxidants" is really just another way of saying 
reducing agent, which can react with oxygen in the water to produce 
hydrogen peroxide. Think platinum blond, and you get the picture of what you might 
be drinking.  This is consistent with my idea that antioxidants are in fact precursors 
of EMODs.  Without the antioxidant present to donate electrons to oxygen, the 
hydrogen peroxide would not form.  Ergo, antioxidants promote the generation of 
EMODs.   
 
But if free radicals are bad for us, how come coffee and tea might be beneficial? One 
possibility is that they can help nudge our own internal antioxidant systems into action. 
"There has been a considerable rethink as to what free radicals are doing," says Malcolm 
Jackson, a biochemist at the University of Liverpool, UK. He believes that in the right 
quantities radicals can be positively health-enhancing, prompting our cells to fire up their 
own internal defense machinery: a battery of radical-busting enzymes such as catalase 
and superoxide dismutase. "Cells are very good at protecting themselves against minor 
stresses, as long as they are not excessive," says Jackson. "The question is: should we be 
quenching free radicals at all?"  
 
If it turns out that antioxidants in food work because they generate 
health-promoting quantities of free radicals, that would be an ironic 
turnaround. It may also explain why supplements and extracts don't seem to work or 
may even be dangerous: the doses are too high, and produce too many free radicals.  
 
For now, the advice is simple. "Stick to flavonoid-rich foods, red wine in moderation, tea, 
fruits and vegetables," says Halliwell. "Don't start taking high-dose supplements or 
heavily fortified foods, until we know more."  
 
Lisa Melton is science writer in residence at the Novartis Foundation in London. 
(The antioxidant myth: a medical fairy tale – from New Scientist.   
http://www.newscientist.com/article/mg19125631.500.html (5 August 2006)  
New Scientist. Pg. 40-43. volume 191; issue 2563. Story by Lisa Melton. 
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The spurious free radical theory, invalidated and not genuine,  
is an insular example of ignorance in action. 

R. M. Howes, M.D., Ph.D. 
1/17/07 

 
 
1.1.3  Brief Primer on Oxygen Free Radicals:  Current Misconceptions 

Oxygen has two unpaired electrons in separate orbitals in its outer shell. This electronic 
structure makes oxygen especially susceptible to radical formation.  

Sequential reduction of molecular oxygen (equivalent to sequential addition of electrons) 
leads to formation of a group of reactive oxygen species:  

• superoxide anion  
• peroxide (hydrogen peroxide)  
• hydroxyl radical  

The structure of these radicals is shown in the figure below, along with the notation used 
to denote them. Note the difference between hydroxyl radical and hydroxyl ion, which is 
not a radical.  

 

Another radical derived from oxygen is singlet oxygen, designated as 1O2. This is an 
excited form of oxygen in which one of the electrons jumps to a superior orbital 
following absorption of energy.  

Although the generation of reactive oxygen species is an activity normally associated 
with phagocytic leucocytes, mammalian spermatozoa were, in fact, the first cell type 
in which this activity was described. In recent years it has become apparent that 
spermatozoa are not the only nonphagocytic cells to exhibit a capacity for reactive 
oxygen species production, because this EMOD activity has been detected in a wide 
variety of different cells including fibroblasts, mesangial cells, oocytes, Leydig cells, 
endothelial cells, thyroid cells, adipocytes, tumor cells and platelets. Since the 
capacity to generate reactive oxygen species is apparently so widespread, the risk-benefit 
equation for these allegedly pernicious molecules becomes a matter of intense interest.  



The sperm oxygen radical scavengers in seminal plasma include vitamin E (α-
tocopherol), vitamin C (ascorbic acid), uric acid, glutathione, taurine, hypotaurine, 
and albumin. A group of enzymes also help to scavenge oxygen radicals throughout the 
male reproductive tract (glutathione peroxidase, catalase, indolamine dioxygenase, 
and superoxide dismutase). It is important to realize that the body has redundant 
systems to remove these potentially toxic compounds. 

In the case of human spermatozoa, the risk of manufacturing reactive oxygen metabolites 
is considerable because these cells are particularly vulnerable to lipid peroxidation. 
Indeed, there is now good evidence to indicate that oxygen radicals are involved in the 
initiation of peroxidative damage to the sperm plasma membrane, seen in many cases of 
male infertility. This risk is off-set by recent data suggesting that superoxide anions and 
hydrogen peroxide also participate in the induction of key biological events such as 
hyperactivated motility and the acrosome reaction. Thus, human spermatozoa 
appear to use reactive oxygen species for a physiological purpose and have the 
difficult task of ensuring the balanced generation of these potentially harmful, but 
biologically important, modulators of cellular function (Reactive oxygen species 
generation and human spermatozoa: the balance of benefit and risk. Aitken J, Fisher H. 
Bioessays. 1994 Apr;16(4):259-67). This article illustrates the wide variety of cells 
and the distribution of EMOD production in the living/breathing cell. I believe that 
this alone illustrates the importance of EMODs in aerobic cells and their wide 
distribution is a counter argument to their supposed pernicious activity. 

1.1.3.1  Misconceptions regarding SOD 
 
Superoxide dismutase is considered important in protection of aerobes against 
oxidant damage, and increased tolerance to oxidant stress is associated with induction of 
this enzyme. However, the importance of superoxide dismutase in this tolerance is not 
clear because conditions which promote the synthesis of superoxide dismutase likewise 
affect other antioxidant enzymes and substances. To clarify the role of superoxide 

dismutase per se in organismal defense against oxidant- generating drugs, Scott et al. 
employed Escherichia coli transformed with multiple copies of the gene for bacterial iron 
superoxide dismutase. These bacteria have greater than ten times the superoxide 
dismutase activity of wild-type E. coli but, importantly, are normal in other oxidant 
defense parameters including catalase, peroxidases, glutathione, and glutathione 
reductase. High superoxide dismutase and control bacteria were exposed to the O2- -
generating drug paraquat and to elevated pO2. They found; high superoxide dismutase 
E. coli are more readily killed by paraquat under aerobic, but not anaerobic, 
conditions. During exposure to paraquat, high superoxide dismutase E. coli 
accumulate more H2O2.  I believe that this is exactly what one would expect.   
 
Coincidentally, the reduced glutathione content of high superoxide dismutase E. coli 
declines more than in control E. coli. E. coli with high superoxide dismutase activity 
are also more readily killed by hyperoxia. Interestingly, the susceptibility of  the 
parental and high superoxide dismutase E. coli to killing by exogenous H2O2 is not 
significantly different. Thus, under these experimental conditions, greatly enhanced 



superoxide dismutase activity accelerates H2O2
 formation. The increased 

H2O2 probably accounts for the exaggerated sensitivity of high superoxide dismutase 
bacteria to oxidant-generating drugs. These results support the concept that the 
product of superoxide dismutase, H2O2, is at least as hazardous as the substrate, O2-. 
They conclude that effective organismal defense against reactive oxygen species may 
require balanced increments in antioxidant enzymes and cannot necessarily be improved 
by increases in the activity of single enzymes (Superoxide dismutase-rich bacteria. 
Paradoxical increase in oxidant toxicity.  MD Scott, SR Meshnick and JW Eaton. J. Biol. 
Chem., Vol. 262, Issue 8, 3640-3645, Mar, 1987).  I believe that this experiment 
demonstrated the role of SOD in the formation of peroxide and emphasized its 
prooxidant character.  This is diametrically opposed to the idea that SOD is present 
for the purpose of acting as an antioxidant, which it does not.  
 
1.1.3.2  Snapple’s New Antioxidant Water 

Triple benefit of antioxidants, vitamins and electrolytes offer healthiest  benefits in new 
functional water.  

PLANO, Texas, Nov. 6 /PRNewswire/ -- As more people look for beverages that offer a 
one-two punch, Snapple's introduction of antioxidant Water and LYTeWater takes 
drinking water to the next level. 

The antioxidant Water product line offers a smart solution that improves energy, helps 
restore the body and supports a healthy immune system for consumers who are actively 
taking steps to incorporate healthier behaviors into their everyday routine. For those 
looking to add a healthier boost to their traditional bottled water, the zero calorie Snapple 
LYTeWater line is enhanced with electrolytes and minerals. 

"We know that consumers are looking for healthier options that include antioxidants, 
vitamins and electrolytes when choosing beverages," said Bryan Mazur, vice president 
and general manager of Snapple. "The launch of antioxidant Water and LYTeWater 
provides consumers with nutrient-packed, great tasting alternatives to traditional bottled 
water." 

Snapple antioxidant Water features seven unique flavors inspired by nature's 
"superfruits," including pomegranates and acai berries. The antioxidants, vitamins and 
electrolytes in each flavor provide one of four distinct benefits for the body: 

-- The Power to PROTECT: Vitamins A and E, electrolytes and a complete dose of 
Vitamin C help protect the body against free radicals.  Available in Tropical Mango and 
Orange Starfruit flavors. 

-- The Power to DEFY: Vitamins A and E, Grape Seed Extract, plus electrolytes assist in 
refreshing the body and mind. Available in Raspberry Acerola and Grape Pomegranate 
flavors. 



-- The Power to AWAKEN: Vitamins A, E and B, Caffeine, Guarana, Ginseng and 
Ribose, plus electrolytes will awaken your senses. Available in Strawberry Acai and 
Dragonfruit flavors.  

-- The Power to RESTORE: Vitamins A and E, plus a double dose of electrolytes assist 
in restoring the body after any endurance and strength activity. Available in Agave Melon 
flavor. 

The LYTeWater introduction complements the Snapple antioxidant Water line, a mineral 
enhanced water with electrolytes from magnesium, manganese, calcium and zinc for 
premium hydration. 

Snapple antioxidant Water, available in 20-ounce single bottles for $1.39 to $1.59, and 
Snapple LYTeWater, available in 20 oz./6-pack packages as well as 1 Liter single serve 
bottles for $1.00 to $1.69 per unit, is available at major retailers, grocery and convenience 
stores nationwide. 

Snapple is the leader in great-tasting premium beverages. Founded in 1972 by three 
childhood friends, Snapple got its start in Greenwich Village, New York and is now 
available throughout the United States and 80 countries worldwide. Snapple prides itself 
on developing, producing and marketing a wide variety of premium beverages, including 
ready-to-drink iced teas, juice drinks, 100% vitamin-fortified juices and water. Known 
for its down-to-earth approach to marketing, Snapple continues to delight fans across the 
world. In 2003, Snapple made history by becoming the official iced tea of New York 
City. 

About Cadbury Schweppes Americas Beverages 

Snapple is a leading brand in the beverage portfolio of Plano, Texas-based Cadbury 
Schweppes Americas Beverages (CSAB), a subsidiary division of Cadbury Schweppes 
plc (NYSE: CSG). CSAB is one of the largest producers of soft drinks. 

This is unbelieveable.  I have collected thousands of pages of data indicating the 
harmful aspects of antioxidants and now we have a company cashing in on current 
misconceptions.  This can not be in the interest of public good.  
 

 1.1.4  Formation of Reactive Oxygen Species 

Oxygen-derived radicals are generated constantly as part of normal aerobic life. 
They are formed in mitochondria as oxygen is reduced along the electron transport chain. 
Reactive oxygen species are also formed as necessary intermediates in a variety of 
enzyme reactions. Examples of situations in which oxygen radicals are overproduced 
in cells include:  

• White blood cells such as neutrophils specialize in producing oxygen radicals, 
which are used in host defense to kill invading pathogens.  



• Cells exposed to abnormal environments such as hypoxia or hyperoxia generate 
abundant and often damaging reactive oxygen species. A number of drugs have 
oxidizing effects on cells and lead to production of oxygen radicals.  

• Ionizing radiation is well known to generate oxygen radicals within biological 
systems. Interestingly, the damaging effects of radiation are higher in well 
oxygenated tissues than in tissues deficient in oxygen.  

1.1.5  Biological Effects of Reactive Oxygen 

It is best not to think of oxygen radicals as "bad". They are generated in a number of 
reactions essential to life and, as mentioned above, phagocytic cells generate radicals to 
kill invading pathogens. There is also a large body evidence indicating that oxygen 
radicals are involved in intercellular and intracellular signaling. For example, 
addition of superoxide or hydrogen peroxide to a variety of cultured cells leads to an 
increased rate of DNA replication and cell proliferation - in other words, these 
radicals can function as mitogens.  

Despite their beneficial activities, reactive oxygen species allegedly can be toxic to 
cells. By definition, radicals possess an unpaired electron, which makes them highly 
reactive and thereby able to damage all macromolecules, including lipids, proteins and 
nucleic acids.  

One of the best known toxic effects of oxygen radicals is damage to cellular membranes 
(plasma, mitochondrial and endomembrane systems), which is initiated by a process 
known as lipid peroxidation. A common target for peroxidation is unsaturated fatty 
acids present in membrane phospholipids. A peroxidation reaction involving a fatty acid 
is depicted in the figure below.  

 

Reactions involving radicals occur in chain reactions. Note in the figure above that a 
hydrogen is abstracted from the fatty acid by hydroxyl radical, leaving a carbon-centered 



radical as part of the fatty acid. That radical then reacts with oxygen to yield the peroxy 
radical, which can then react with other fatty acids or proteins.  

Peroxidation of membrane lipids can have numerous effects, including: 

• increased membrane rigidity  
• decreased activity of membrane-bound enzymes (e.g. sodium pumps)  
• altered activity of membrane receptors.  
• altered permeability  

In addition to effects on phospholipids, radicals can also directly attack membrane 
proteins and induce lipid-lipid, lipid-protein and protein-protein cross linking, all of 
which obviously have effects on membrane function.  This is especially true for in vitro 
experiments but does not seem to occur in the brain under normal circumstances. 

1.1.6  EMOD production and role 

Vascular mitochondria not only maintain cellular ATP but also play a key role in vascular 
signaling. ROS, once considered toxic byproducts of mitochondrial respiration, contribute 

to this important signaling function. EMODs can modulate vasomotor tone, protect 
against ischemic damage, and promote vascular cell proliferation.   

Mitochondria are traditionally known as the energy generating centers of cells. Electron 
flux through the mitochondrial respiratory chain, an organized sequence of complex 
enzymes, hyperpolarizes the inner membrane, extruding newly generated ATP into the 
cytoplasm. An evolving paradigm shift has occurred in our understanding of 
mitochondrial function with the relatively recent observation that mitochondria are 
critical for the initiation of cellular apoptosis through release of cytochrome C (Yang J, 
Liu X, Bhalla K, Kim CN, Ibrado AM, Cai J, Peng TI, Jones DP, Wang X. Prevention of 
apoptosis by Bcl-2: release of cytochrome c from mitochondria blocked. Science. 1997; 
275: 1129–1132).  

Mitochondria are also responsible for generation of substantial amounts of superoxide 

caused by electron leakage from the oxidative phosphorylation pathway. I believe that 
EMODs from oxidative phosphorylation are purposeful by design.  Reactive oxygen 
species (ROS) generated from mitochondria have been implicated in various forms of cell 
signaling in the vasculature (Bailey SR, Mitra S, Flavahan S, Flavahan NA. Reactive 
oxygen species from smooth muscle mitochondria initiate cold-induced constriction of 
cutaneous arteries. Am J Physiol Heart Circ Physiol. 2005; 289: H243–H250).  

Once thought to be a toxic byproduct of cellular metabolism, EMODs including 
superoxide and hydrogen peroxide (H2O2) also participate in a large variety of 
vascular cell signaling processes including activation of eNOS (Cai H, Li Z, Dikalov 
S, Holland SM, Hwang J, Jo H, Dudley SC Jr, Harrison DG. NAD(P)H oxidase-derived 
hydrogen peroxide mediates endothelial nitric oxide production in response to 
angiotensin II. J Biol Chem. 2002; 277: 48311–48317) and stimulation of cell growth 

http://www.vivo.colostate.edu/hbooks/molecules/sodium_pump.html


and migration (Felty Q, Xiong WC, Sun D, Sarkar S, Singh KP, Parkash J, Roy D. 
Estrogen-induced mitochondrial reactive oxygen species as signal-transducing 
messengers. Biochemistry. 2005; 44: 6900–6909) through modulation of intracellular 
calcium (Waypa GB, Marks JD, Mack MM, Boriboun C, Mungai PT, Schumacker PT. 
Mitochondrial reactive oxygen species trigger calcium increases during hypoxia in 
pulmonary arterial myocytes. Circ Res. 2002; 91: 719–726), and activation of 
transcription factors such as NF- B (Pahl HL, Baeuerle PA. Oxygen and the control of 
gene expression. Bioessays. 1994; 16: 497–502) and protein kinases including ERK, 
p38MAPK, and Akt (Wang FS, Wang CJ, Chen YJ, Chang PR, Huang YT, Sun YC, 
Huang HC, Yang YJ, Yang KD. Ras induction of superoxide activates ERK-dependent 
angiogenic transcription factor HIF-1alpha and VEGF-A expression in shock wave-
stimulated osteoblasts. J Biol Chem. 2004; 279: 10331–10337) (Connor KM, Subbaram 
S, Regan KJ, Nelson KK, Mazurkiewicz JE, Bartholomew PJ, Aplin AE, Tai YT, 
Aguirre-Ghiso J, Flores SC, Melendez JA. Mitochondrial H2O2 regulates the angiogenic 
phenotype via PTEN oxidation. J Biol Chem. 2005; 280: 16916–16924). 

Thus, physiological levels of EMODs may be responsible for regulation of vascular 
tone and for stimulation of cell growth and migration (Felty Q, Xiong WC, Sun D, 
Sarkar S, Singh KP, Parkash J, Roy D. Estrogen-induced mitochondrial reactive oxygen 
species as signal-transducing messengers. Biochemistry. 2005; 44: 6900–6909).  

The discovery that mitochondrial function extends beyond ATP generation and that 
EMODs may be key mediators of cellular physiology and pathology has opened new 
research vistas in vascular biology. Because mitochondria are responsible for the majority 
of EMODs generated in most cells, linking mitochondrial respiration with EMOD effects 
on cellular function is logical. Indeed, excess release of mitochondrial oxidants has been 
implicated in the etiology of a host of pathologies including Alzheimer disease, 
degenerative changes in aging, Parkinson Disease, and type 2 diabetes (Lowell BB, 
Shulman GI. Mitochondrial dysfunction and type 2 diabetes. Science. 2005; 307: 384–
387).  

Less intense mitochondrial EMOD generation has been associated with 
pathophysiological signaling. Mitochondrial-derived H2O2

 is responsible for redox 
activation of c-Jun N-terminal kinase which inhibits mitochondrial metabolic enzymes. 
This serves as a potential feedback mechanism to regulate metabolic processes. In 
endothelial cells, H2O2 derived from mitochondria induces growth factor transactivation 
including receptors for vascular endothelial growth factor-2 and platelet-derived growth 
factor. These responses are inhibited by endogenous antioxidants. In human coronary 
arterioles, mitochondrial-derived H2O2 is responsible for flow-mediated vasodilation. 
Thus, EMODs are not simply a byproduct of respiration, but can serve as 
a control mechanism by which the mitochondria signal changes in 
vascular function and growth.  

 

 



1.1.7  EMOD sources and control 

Intentional generation of EMODs is a general feature of many tissues, 
rather than a unique function of phagocytes. 
 
In mammalian cells, potential enzymatic sources of ROS include: 

- the mitochondrial electron transport chain,  
- the arachidonic acid metabolizing enzymes lipoxygenase and cycloxygenase,  
- the cytochrome P450s,  
- xanthine oxidase,  
- NAD(P)H oxidases,  
- uncoupled nitric oxide synthase (NOS),  
- peroxidases,  
- and other hemoproteins. 

 

 
Biochemical pathways of hydrogen peroxide generation and metabolism. Molecular 
oxygen undergoes one or two-electron reduction (1 or 2e-) to form superoxide (O2

.–) or 
hydrogen peroxide (H2O2) respectively. The majority of the bioactive H2O2 however, is 
derived from spontaneous or SOD (superoxide dismutase)-catalyzed (at the reaction 
speed of 2.0 x 109 mol/L–1.s–1) dismutation of O2

.–. Degradation of H2O2 involves 
intracellular catalase (CAT), extracellular glutathione peroxidase (Gpx) or small 
molecules like thiols. Besides directly serving as a signaling intermediate, H2O2 also 
indirectly exerts its biological effects via metabolites such as hydroxyl radical (HO.) or 
compound I (product of H2O2 oxidation of Fe3+-containing enzymes such as 
myeloperoxidase, MPO). Of note, O2

.– rapidly scavenges NO. at the reaction speed of 6.7 
x 109 mol/L–1.s–1, representing one of the mechanisms whereby bioactive NO. diminishes 
independent of regulation of NO. synthase (taken from Hua Cai, 2005). 
 
Enzymatic systems such as the mitochondrial respiratory chain, 
vascular NAD(P)H oxidases, xanthine oxidase, and uncoupled 
endothelial nitric oxide synthase (eNOS) produce superoxide anion  



(O2
.–) in vascular cells. While some O2

.– rapidly degrades by reacting with nitric 
oxide (NO.), the O2

.– signal preserved by dismutation into hydrogen peroxide (H2O2) 
exerts prolonged signaling effects (Hydrogen peroxide regulation of endothelial function: 
Origins, mechanisms, and consequences. Hua Cai. Cardiovascular Research 2005 
68(1):26-36). 
 
Homology searches in human genome databases resulted in the discovery of six novel 
NADPH oxidase enzymes: Nox1, Nox3, Nox4, Nox5, Duox1 and Duox2. They all have 
at least partially similar structure and generate ROS in response to various stimuli. 
 
Oxygen involved in the oxidation of substrates to produce energy in normal metabolic 
processes can produce oxygen radicals. They can have a beneficial roles as in phagocytes 
where they protect against bacteria and parasites. However, if natural antioxidant 
mechanisms are not adequate to quench excess oxygen radicals then they can react with 
cell structures.  
 
Metabolism is not the only source of free radicals. Environmental pollutants are sources 
for free radicals including nitrogen dioxide, ozone, cigarette smoke, radiation, 
halogenated hydrocarbons, heavy metals and certain pesticides. Alcohol 
consumption can induce oxidative reactions in the liver.  
 
Both, hydrogen peroxide and thyroperoxidase are required to 
synthesize thyroid hormones, T3 and T4. 
 
Certain chemotherapeutic agents including doxorubicin, cyclophosphamide, 5-
fluorouracil, methotrexate, and vincristine can produce oxygen radicals at doses used 
in cancer patients. Increased physical activity can generate free radicals as the result of 
increased oxygen consumption during exercise. Oxygen radicals in the human body react 
with proteins, lipids, carbohydrates and nucleotides. 
(http://www.cellinteractive.com/ucla/nutrition_101/phys_lect7.html) 
 
The body's susceptibility to oxidant damage is thought to depend on the balance between 
the extent of pro-oxidant stress and the antioxidant levels of body tissues. Most 
antioxidants have a large number of alternating double bonds which 
can act as electron traps. In some cases, this quenching reaction can 
lead to increased oxidation. This occurs when a polyunsaturated fat neutralizes an 
oxygen radical but becomes a fatty acid radical which then attacks another lipid leading 
to a chain reaction. Other antioxidants can also act as prooxidants after 
quenching an oxygen radical. On balance, a number of studies have shown that 
various antioxidants act as a cooperative system of antioxidant defense. Vitamin C 
quenches free radicals in aqueous systems, but also regenerates cellular vitamin E which 
helps to control lipid peroxidation. Beta-carotene also traps free radicals in concert with 
vitamin E. The selenium-containing enzyme glutathione peroxidase destroys peroxides 
before they can damage cell membranes and interacts synergistically with vitamin E. In a 
number of animal studies, the administration of antioxidants ameliorated damage from 

http://www.cellinteractive.com/ucla/nutrition_101/phys_lect7.html


experimental oxidant stress. Furthermore, the antioxidant requirement in these studies 
was directly proportional to the increased tissue concentrations of free radicals. While not 
proven, promotion of antioxidation through consumption of antioxidant-rich fruits and 
vegetables as well as dietary supplements is a habit many Americans unfortunately 
consider health-enhancing.  
(http://www.cellinteractive.com/ucla/nutrition_101/phys_lect7.html) 
 
1.1.8  Thomas L. Hesselink, MD: A different redox view 
 
The following was taken from the Thomas L. Hesselink, MD  website: 
 
Thus, the reductant reduces the oxidant and is oxidized, 
while the oxidant oxidizes the reductant and is reduced.  Therein lies the confusion! 
 
~~~ PROOXIDANT ASSAULT WEAPONS OF KILLER CELLS ~~~ 
 Superoxide               -OO*  
 Singlet Oxygen           O=O  
 Hydroperoxyl             HOO*  
 Hydrogen Peroxide        HOOH  
 Hypochlorous Acid        HClO  
 Nitric Oxide             *NO  
 Peroxynitric Acid        HOONO  
 Hydroxyl                 HO*  
 
    ~~~ HYDROXYL RADICAL PRODUCTION SEQUENCES ~~~ 
Hydroxyl radicals can be produced by Fenton's reagent.  
  HOOH  +  Fe++   --->  OH-  +  HO*  +  Fe+++  
 
Superoxide  can  serve  to  reduce  Fe+++  to  Fe++, thus  enabling  repetition  of  the  
Fenton  reaction.  
 -OO*  +  Fe+++  <--->  O2  +  Fe++  
 
Numerous other reductants including ascorbic acid and N-acetyl-L-cysteine can reduce  
Fe+++  to  Fe++, thus  enabling  repetition  of  the  Fenton  reaction.  
  NALC-SH  +  Fe+++  --->  NALC-S*  +  H+  +  Fe++  
Thus freely diffusible cationic iron, according to Hesselink, is a dangerous initiator of 
toxic oxyradical activity. 
 
    ~~~ HOW ASCORBIC ACID OR OTHER ENEDIOLS PLUS IRON  
  PRODUCE BOTH HYDROGEN PEROXIDE AND HYDROXYL RADICALS 
~~~ 
Ascorbic acid readily reduces ferric cations to ferrous.  
 AAH2  +  Fe+++  --->  *AAH  +  H+  +  Fe++  
Ferrous cation reversibly produces superoxide.  
 O2   +  Fe++   <--->  -OO*  +  Fe+++  
Superoxide can be further reduced by ascorbic acid, or it can dismutate.  
 -OO* + AAH2 + H+ ---> HOOH  +  *AAH  

http://www.cellinteractive.com/ucla/nutrition_101/phys_lect7.html


 2 -OO*  +  2 H+  ---> 2 HOOH  
Ferrous cation will react with the newly formed H2O2 as in the Fenton reaction.  
  HOOH  +  Fe++   --->  OH-  +  HO*  +  Fe+++  
Deferoxamine is superior to EDTA as an inhibitor  
of this process.  
 
 ~~~  WHY  ARE  FREE  RADICALS  BAD ? ~~~ 
 Because the following can occur: 
 *  peroxidize  and  modify  lipids  
 *  crosslink  molecules  
 *  produce  allergenic adducts  
 *  deactivate  enzymes  
 *  consume  nutrients  
 *  mutate  genes 
 *  initiate  carcinogenesis  
 *  destroy  organelles  
 *  destroy  cells  
 *  induce inflammation  
 *  cause  sclerosis  
 
   ~~~ DISEASES ALLEGEDLY ASSOCIATED WITH FREE RADICAL STRESS 
~~~ 
  *  Iron Toxicity 
  *  Heavy Metal Toxicity 
  *  Arthritis 
  *  Diabetes Mellitus 
  *  Carcinogenesis 
  *  Chemical Intolerance 
  *  Macular Degeneration 
  *  Arteriosclerosis 
  *  Neurodegeneration 
 
 ~~~  TESTS  FOR  OXYRADICAL  STRESS  ~~~ 
    *  total lipid peroxides  
    *  aldehydes (especially malondialdehyde)  
    *  thiobarbituric acid reactive substances (TBARS)  
    *  conjugated dienes  
    *  breath alkanes  
    *  hydroxylated salicylate  
    *  oxidatively modified cholesterols  
    *  oxidatively modified nucleotides (esp. guanine)  
    *  serum ascorbate/dehydroascorbate ratio  
    *  RBC intracellular GSH/GSSG ratio  
    *  RBC fragility  
    *  platelet aggregation  
    *  glycosylated proteins and AGES  



    *  methionine sulfoxide  
 
In summary, there are a number of proposed markers of oxidant stress including 
measurement of lipid oxidation products such as conjugated dienes, malondialdehyde or 
thiobarbituric acid reactive substances (TBARS) in blood or urine; modified DNA bases 
(8-hydroxydeoxyguanosine) and/or DNA adducts in peripheral blood cells or urine; 
vitamin E or vitamin C levels in blood fractions; catalase or dismutase levels in blood 
fractions; volatile gases such as pentane or ethane in expired breath; total peroxyl radical 
trapping antioxidant power of serum (TRAP assay); auto-oxidative (non-cyclooxygenase-
derived) eicosanoids in plasma; and the in vitro oxidation of blood fractions such as LDL. 
 
Markers for oxidative stress:  malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE) 
levels. 

The presence of increased markers of oxidative stress (peroxidized lipids, oxidized 
proteins, increased GSSG, 8-oxoguanine, DNA breaks, etc.) has been identified in 
many pathophysiological situations. However, in most cases, establishing whether 
oxidative stress plays a causal role or is a mere reflection of the effects of the disease 
process itself on cellular function has proved to be a difficult task.  

Unfortunately, there is little agreement amongst these various biochemical markers 
for oxidation in living/breathing cells or tissue.  The measurement of the host response 
to so-called oxidant stress remains problematic. 
 
 ~~~  FACTORS  IN  LIPID  PEROXIDATION  ~~~ 
 Iron Excess   ---> 
 Oxidases      --->     Lipid      <--- Hyperlipidemia 
 Glycosylation --->  Peroxidation 
 Radiation     ---> 
 Inflammation  ---> 
 
  ~~~   ATHEROGENS   ~~~ 
 Atherogenic Products Of Oxyradical  
 Induced Modifications Of Lipids:  
  *  lipid peroxides  
  *  aldehydes  
  *  oxycholesterols  
  *  lysolecithins  
 
  ~~~  OXYCHOLESTEROLS  ~~~ 
These are especially irritating and atherogenic forms of oxidatively modified cholesterol.  
They are produced by oxyradicals acting within LDL particles and within atheromas.  
 *  7-beta-hydroperoxycholesterol  
 *  7-beta-hydroxycholesterol  
 *  7-ketocholesterol  
 *  5-alpha-epoxycholesterol  



 *  6-alpha-epoxycholesterol  
 
~~~ HOW OXIDATIVELY MODIFIED LIPIDS CAUSE ARTERIOSCLEROSIS 
~~~ 
 Oxidatively modified lipids --->  
 Uptake by scavenger receptors ---> 
 Conversion of macrophages to "foam cells" ---> 
 Necrosis of foam cells ---> 
 Coagulopathy & Chemotaxis & Chronic inflammation ---> 
 Sclerosis  
Actually, oxidation of cholesterol has been temporally separated from plaque 
formation by the work of Stocker.  Oxidation occurs late in the plaque formation 
process. 
 
 ~~~ HOW ALDOSES CAUSE OXYRADICAL STRESS ~~~ 
Sugars exist as both opened and closed chain isomers. When open, an aldehyde group is 
available for reactions. During episodes of hyperglycemia as in diabetes, there are 
proportionately elevated levels of open forms.  These react as listed below causing 
oxyradical stress.  
 
Reactive Aldehyde Groups ---> Thiohemiacetals --->  
Inhibition Of Quenching By Thiols --->  
Increased Oxyradicals  
 
Reactive Aldehyde Groups --->  
Glycosylated Lysine Residues --->  
Advanced Glycosylated End Products (AGES) --->  
Antigenic Stimulation ---> Immunoactivation --->  
Production Of Various Oxyradicals  
 
AGES ---> Alpha-keto-ketones --->  
Redox Cycling ---> Superoxide & Hydrogen Peroxide  
 
  ~~~ NONENZYMATIC OXYRADICAL QUENCHING MECHANISMS ~~~ 
Coupling:  
 HO*    +   HO*   --->   HOOH  
 RO*    +   R'O*  --->   ROOR'  
 ROO*   +   R'*   --->   ROOR'  
 RS*    +   RS'*  --->   RSSR'  
Addition Of Oxygen Followed By Reduction:  
 R*    +   O2     --->   ROO*  
 ROO*  +   AOH    --->   ROOH  +  AO*  
Addition Of Proton Followed By Reduction: 
 -OO*   +   H+    --->   HOO*  
 HOO*   +  AOH    --->   HOOH  +  AO*  
Spontaneous Dismutation Of Superoxide:  



 2 -OO*  +  2 H+  --->  O2  +  HOOH  
Trapping By Pi Bonds:  
 HO*   +   X==X   --->  HO--X--X*  
Reduction by Alcohols, Enols, Enediols, Monophenols, Diphenols, and Polyphenols: 
 ROO* +   R'OH   --->  ROOH  +   RO*  
Reduction by Thiols: 
 RO*    +   R'SH   --->  ROH     +   R'S*  
Reduction by Amines: 
 HO*    +   RNH2  --->  HOH    +   RHN*  
 
   ~~~ PREVENTION OF OXYRADICAL OVERPRODUCTION ~~~ 
 -  Radiation Avoidance  
 -  Xenobiotic Avoidance  
 -  Glycemic Control  
 -  Inflammation Control  
 -  Optimal Nutrition:  
B-complex, amino acids, trace minerals, cofactors  
 -  Supplementation of Quenchers:  
carotenoids, thiols, enediols, phenols  
 -  Enzymatic Reduction of Peroxides  
    by Glutathione Peroxidase:  
N-acetyl-L-cysteine, selenium  
 -  Chelation of Transition Metals  

 -  Chelation of Toxic Heavy Metals 

All living things depend upon the orderly transfer of reducing equivalents from 
food/fuel molecules to some final electron acceptor.  In "aerobic" organisms 
diatomic oxygen is most frequently utilized as the final electron acceptor. However,  
under special circumstances, hydrogen peroxide or pyruvate can also be used. In 
"anaerobic" organisms weaker oxidants such as sulfate, carbon dioxide, nitrate, or 
pyruvate are used as final electron acceptors. 
 
I believe that Thomas L. Hesselink, MD  here points out the crucial role of electron and 
proton transfer.  Oxygen and transition metals serve this purpose beautifully. 
 
In living things, some transfers of electrons and hydrogen atoms take place as simple two 
reactant oxidation-reductions, such as occur in a test tube or battery. However, most 
transfers occur in multi-step sequences which are carefully regulated. Thus, reducing 
equivalents pass from one carrier in the sequence to the next, much like buckets along a 
bucket brigade or batons in a relay race.  
 
Their movement is governed by: reactant concentrations, relative redox potentials, pH, 
and enzymatic facilitation.  
 
These delicate systems can be blocked by respiratory poisons such as: mercury II, 
ammonia, cyanide, or sulfide. They can also fail due to nutritional deficiency of key 



components such as: riboflavin, copper, selenium, ascorbate, bioflavonoid, or cysteine. I 
believe that it is because these agents are needed as co-oxidants for electron and 
proton flow. 
 
Diseases such as allergies, infections, and cancers are associated with some focus of 
failure in a biological electron transfer sequence. This failure allows an excess of 
reductant materials of various types to accumulate and support the 
disease process. Therapeutic oxidants accelerate the removal of these reductants. 
When successful, the therapeutic oxidant administered consumes enough 
reductant material such that the pathologic process cannot persist.   
 
I can go along with that, i.e., antioxidant dominance leads to disease and its 
perpetuation.  An oxidant excess is needed to establish and maintain a condition of 
healthful homeostasis. 
 
Medicinal oxidants need not abstract electrons or hydrogen atoms directly from the site 
of pathology. Instead the process can be quite indirect. In other words the medicinal  
oxidant can abstract reducing equivalents from any of several ambient hydrogen/electron 
carriers. As these oxidized carriers get physiologically recharged, electrons or hydrogen 
atoms are drawn away from other sites. This includes the pathologic site. A considerable 
variety of oxidants can induce this redistribution of reducing equivalents. This 
explains why so many different oxidizing agents have been found to produce similar 
therapeutic benefits.  
 
Also medicinal oxidants can produce numerous physiologic effects. These include: 
enhanced release of oxygen from oxyhemoglobin, stimulated release of 
immunoactive cytokines, antioxidant adaptation, and initiation of programmed cell 
death in certain cells.  
 
       ~~~    REDOX   TABLES    ~~~ 
 
Redox tables list and describe numerous half-reactions.  These are set in order according 
to their standard potentials. The hydrogen oxidation reaction is set at zero for comparison 
purposes.  Therefore it always appears in the middle of the table.  Elements towards the 
left of the periodic table tend to appear as stronger reductants in the redox tables. 
Elements towards the right of the periodic table tend to appear as stronger oxidants 
in the redox tables.  In most cases elements in the same column of the periodic table 
behave as stronger oxidants as the atomic number decreases.  They behave as stronger 
reductants as the atomic number increases.  For most redox active agents, as the acidity 
level of the solution increases, their strength as oxidants increases.  Elements capable 
of binding oxygen atoms form complexes of higher oxidant strength as the valence 
increases.  
 
         ~~~   EXAMPLE  OF  A  REDOX  TABLE   ~~~ 

Reducing Reactants   Products  Voltages



acetate- + 2e- + 2H+  --->  acetaldehyde  -0.58  
alpha-ketoglutarate2- + CO2 + 2e- + H+ --->  isocitrate3-  -0.38  
NADP+ + 2e- + H+  --->  NADPH  -0.324  
NAD+ + 2e- + H+  --->  NADH  -0.321  
1,3-bis-P-glycerate4- + 2e- + 2H+  --->  glyceraldehyde-3-p2- + Pi2- -0.29  
lipoic acid + 2e- + 2H+  --->  dihydrolipoic acid  -0.29  
3-ketoacyl-SCoA + 2e- + 2H+  --->  3-hydroxyacyl-SCoA  -0.238  
pyruvate- + 2e- + 2H+  --->  lactate-  -0.185  
oxalacetate2- + 2e- + 2H+  --->  malate2-  -0.166  
flavin + 2e- + 2H+  --->  leukoflavin  -0.12  
enoyl-SCoA + 2e- + 2H+  --->  acyl-SCoA  -0.015  
ubiquinone + 2e- + 2H+  --->  ubiquinol  +0.010  
fumarate2- + 2e- + 2H+  --->  succinate2-  +0.031  
dehydroascorbic acid + 2e- + 2H+  --->  ascorbic acid  +0.08  
cytochrome-c3+ + e-  --->  cytochrome-c3+  +0.24  
O2 + 4e- + 4H+  --->  2 H2O  +0.816  
            ~~~    NERNST   EQUATION    ~~~ 
This formula predicts which direction a redox reaction will proceed and its electromotive 
force or voltage.  
                      2.303 R T        [oxidant]  
        E = E'o   +   ---------- x log-----------  
                        n F           [reductant]  
 
Safe physiologic changes are preferred, such as:  
 - a shift in redox potential,  
 - altered utilization of reducing equivalents,  

 - on/off switching of cellular controls 

~~~  MYTHS PERTAINING TO BIOLOGICAL OXIDATION  ~~~ 
 
         FACTS:                               MYTHS: 
1- Many oxyradicals are          1- Therefore all oxidants are  
   strong oxidants and toxic.       toxic just like oxyradicals.  
2- Oxyradicals are free          2- Therefore all free  
   radicals and often toxic.        radicals are toxic.  
3- Certain quenchers of          3- Therefore a reductant overload  
   oxyradicals are reductants.      is beneficial to eliminate as many oxidants as possible.  
 
~~~ TRUTHS PERTAINING TO OXIDANTS AND FREE RADICALS ~~~ 
 



1. THERE ARE GOOD OXIDANTS: 
 cytochromes, ubiquinone, flavoproteins,  
 pyridinium nucleotides, amine oxidases,  
 pyrroloquinoline quinone, disulfides,  
 diatomic oxygen, hydrogen peroxide, etc.  
 
2. THERE ARE GOOD FREE RADICALS: 
 semioxidized ascorbate, semireduced flavins,  
 tocopheryl, nitric oxide, superoxide, etc.  
 
3.  THERE  ARE  BAD  REDUCTANTS: 
 hyperglycemia, acetaldehyde, tyramine,  
 ferrous iron, methyl mercury, bilirubin, uric acid, etc.  
 
     ~~~  OXYGENATION  VERSUS  OXIDATION  ~~~ 
 
 OXYGENATION: 
 The physiologic process of absorbing diatomic oxygen (O2) and delivering it to tissues.  
 OXIDATION: 
 The physiologic process of accepting, taking up, or removing electrons.  
 
  ~~~  FACTORS  WHICH  INHIBIT  OXYGENATION  ~~~ 
 -  Poor Air Quality  
 -  High Altitude  
 -  Poor Lung Function  
 -  Anemia  
 -  RBC Clumping  
 -  Hemoglobinopathy  
  methemoglobin  
  carboxy hemoglobin  
  2,3-DPG deficiency  
 -  Arterial Stenosis  
 -  Arteriolar Vasospasm  
 -  Capillary Endothelial Swelling  
 -  Fibrin Layering  
 -  Basement Membrane Thickening  
 -  Tissue Swelling  
 -  Cytochrome A3 Dysfunction  
  copper deficiency  
  CO, CN-, HS-, NN-  
 
 
Please remember that oxygenation can directly affect oxidation, i.e., markedly 
lowered oxygen levels will result in lowered oxidation levels.   
  



Most of the NADH used to fuel oxidative phosphorylation is generated within the 
mitochondria by the Kreb's cycle. 
 
 ~~~  REDUCTANT  ACTIVATION  SYSTEMS  ~~~ 
These enzyme systems release electrons and hydrogen atoms from food molecules.  
In the process NAD+ and NADP+ are reduced to become NADH and NADPH 
respectively.  
 1.  GLYCOLYSIS: 
D-glyceraldehyde-3-phosphate ... NAD+/NADH  
 2.  HEXOSE MONOPHOSPHATE SHUNT: 
Glucose-6-phosphate ... NADP+/NADPH  
6-Phosphogluconate  ... NADP+/NADPH  
 3.  TRICARBOXYLIC ACID CYCLE: 
Pyruvate...Lipoamide-SS/LA-(SH)2...FAD/FADH2...NAD+/NADH  
Isocitrate ... NAD+/NADH  
Alphaketoglutarate...LA-SS/LA-(SH)2...FAD/FADH2...NAD+/NADH  
Malate ... NAD+/NADH  
 4.  AMINO ACID DEGRADATION: 
L-glutamate ... NAD+/NADH  
L-glycine ... NAD+/NADH  
 5.  FATTY ACID DEGRADATION: 
Acyl-CoA ... NAD+/NADH  
L-3-hydroxyacyl-CoA ... NAD+/NADH  
 6.  ALCOHOL DEGRADATION: 
Et-OH ... NAD+/NADH  
 7.  PYRIDINE INTERCHANGE: 
NAD+/NADH ... NADP+/NADPH ... NAD+/NADH  
 
~~~ OXIDANT ELIMINATION PATHWAYS FED BY NADPH & GSH ~~~ 
Glutathione (GSH) is the main hydrogen carrier feeding various oxidant elimination 
systems.  GSH is kept predominantly in the reduced phase by glutathione reductase. 
 NADPH ... FAD/FADH2 ... GSSG/GSH 
GSH maintains many cytosolic thiols in the reduced state. 
 GSSG/GSH ... RSSR'/RSH+HSR' 
GSH reactivates various reductive antioxidants. 
  GSH...CoQ/CoQH2...vitE-O*/vitE-OH...ROO*/ROOH 
  GSH...CoQ/CoQH2...Dehydroascorbate/Ascorbate...HOO*/HOOH 
  GSH...CoQ/CoQH2...Tannin/Polyphenol...HO*/HOH 
GSH activates glutathione peroxidase. 
 GSH ... Se/SeH ... ROOH/ROH+HOH 
 GSH ... Se/SeH ... HOOH/HOH+HOH 
 
 
  ~~~  OXIDATIVE  DEGRADATION  AND  DETOXIFICATION  ~~~ 
 



HYDROCARBONS such as the following are oxidized by specialized enzymatic 
mechanisms:  
 carbohydrates,  fats,  steroids,  
 carboxylic acids,  amino acids.  
Many of the steps in these degradation processes involve biological electron transfers 
sequences.  In many cases NADH or NADPH are also generated.  
 
PRIMARY AMINES (R-CH2-NH2) are eliminated by oxidation. Examples:  amino 
acids, neurotransmitters, vasopressors, histamine, polyamines, toxic amines, etc. 
 
 
              ~~~   SUMMARY   COMMENTS   ~~~ 
Oxidative therapies are widely applicable in medical practice, especially in infectious 
disease, in oncology, and in allergy.   
 
The goals of oxidative medicine are:  
  1) to shift redox potentials away from a pro-reductant condition 
(redosis), temporarily towards a mildly pro-oxidant condition (oxidosis).  
  2) to induce beneficial physiologic responses.  
 
Fairly low doses of medicinal oxidants are usually administered. Free radical stress 
or damage to host tissues is not a necessary nor a desired effect of oxidative therapy.  
Altered immune function is probably the most clinically important benefit of oxidative 
therapy. 
 
 
"A vitamin is a substance that makes you ill if you don't eat it." 
Albert Szent-Gyorgyi 
 
I believe that the same thing can be said about EMODs, i.e., “Oxygen free radicals 
and oxygen non-radicals (collectively called EMODs) are substances that make you 
ill or dead, if you fail to generate or produce them.”   
 
 
Vitamin E (tocopheroxyl) and vitamin C (dehdroascorbate) are examples of somewhat 
stable free radicals.  Reactive oxygen species that are not free radicals include hydrogen 
peroxide, singlet oxygen and lipid hydroperoxide. 
 
Free radicals and other reactive oxygen species are produced in all living organisms and 
have biological advantage. Evidences from multitude researches on free radicals and 
reactive oxygen species suggest that they play important roles in signal transduction, 
sensing of oxygen tension and regulation of functions controlled by oxygen 
concentration. They are essential in synthesis of energy and essential molecules. They are 
also involved in boosting our immune system.  Synthesis of free-radicals in our body is 
higher during intensive physical exercise.  
 

http://dietaryfiberfood.com/Vitamin-E.php


 
 
 
 

Hiding in plain sight 
is the glorious fact that oxygen  

protects and sustains us. 
As happens all too often, we are blinded  

by the obvious. 
R. M. Howes, M.D., Ph.D. 

1/19/07 
 
 
  
 
1.2.0  Most biological oxidants arise from superoxide 
 
Some of the following material was modified from:  Superoxide: a two-edged sword. 
B.M. Barbior. Braz J Med Biol Res, February 1997, Volume 30(2) 141-155. 
 
Superoxide (O2

-) is the compound obtained when oxygen is reduced by one electron. For 
a molecule with an unpaired electron, O2

- is surprisingly inert, its chief reaction 
being a dismutation in which it reacts with itself to form H2O2 and oxygen. The 
involvement of O2

- in biological systems was first revealed by the discovery in 1969 of 
superoxide dismutase, an enzyme that catalyzes the dismutation of O2

-. Since then it has 
been found that biological systems produce a bewildering variety of 
reactive oxidants, all but a few arising ultimately from O2

-. These oxidants 
include O2

- itself, H2O2 and alkyl peroxides, hydroxyl radical and other reactive oxidizing 
radicals, oxidized halogens and halamines, singlet oxygen, and peroxynitrite. These 
various oxidants are able to damage molecules in their environment, and are therefore 
very dangerous. They are thought to participate in the pathogenesis of a number of 
common diseases, including among others malignancy, by their ability to mutate the 
genome, and atherosclerosis, by their capacity for oxidizing lipoproteins. Their properties 
are put to good use, however, in host defense, where they serve as microbicidal and 
parasiticidal agents, and in biological signalling, where their liberation in small quantities 
results in redox-mediated changes in the functions of enzymes and other proteins 
(Superoxide: a two-edged sword. B.M. Barbior. Braz J Med Biol Res, February 1997, 
Volume 30(2) 141-155). 
 

The reduction of a molecule of oxygen to two molecules of water is 
the major source of energy in aerobic biological systems. This 
reduction requires 4 electrons: 

 



If these electrons are passed to oxygen one at a time, a series of 
partially reduced products is generated. The first of these is 
superoxide (O2

-): 

 

Reduction of O2
- by the second electron yields hydrogen peroxide: 

 

·OH (hydroxyl radical) plus the first molecule of water arise when the 
third electron is passed on to H2O2: 

 

And finally, the fourth electron produces the second molecule of 
water from the hydroxyl radical: 

 

Unlike most molecules with unpaired electrons, O2
- is surprisingly 

inert. In aqueous systems, its principal reaction is with itself to 
generate a molecule of H2O2 and a molecule of oxygen in a 
dismutation reaction (Fridovich I (1995). Superoxide radical and 
superoxide dismutases. Annual Review of Biochemistry, 64: 97-112): 

 

It is also a weak base, its conjugate acid being the much more 
reactive hydroperoxyl radical: 

 

It does, however, have certain other chemical properties that are 
important in a biological context. These include 1) its participation in 

the so-called Haber-Weiss reaction to generate ·OH and in a closely 

related reaction to generate alkoxyl radical (RO·), reactions that are 
catalyzed by transition metals such as iron or copper: 

 

2) its ability to obtain Fe2+ needed for the Haber-Weiss reaction by 
liberating it from the iron storage protein ferritin and from iron-sulfur 



proteins such as aconitase; 3) its reaction with ·OH to form singlet 
oxygen (Khan AU & Kasha M (1994). Singlet molecular oxygen in the 
Haber-Weiss reaction. Proceedings of the National Academy of 
Sciences, USA, 91: 12365-12367): 

 

and 4) its reaction with nitric oxide to form peroxynitrite, a highly 
reactive oxidant that breaks down to produce a nitrating agent: 

 

In addition, the H2O2 produced by the dismutation of O2
- is used by 

phagocytes to oxidize halide ions to the level of hypohalous acids 
(e.g., HOCl) (Winterbourn CC (1985). Comparative reactivities of 
various biological compounds with myeloperoxidase-hydrogen 
peroxide-chloride, and similarity of the oxidant to hypochlorite. 
Biochimica et Biophysica Acta, 840: 204-210), a group of highly 
reactive compounds which in turn react with amines to produce 
halamines (e.g., NH2Cl), some of which are even more reactive than 
the hypohalous acids (Thomas EL, Jefferson MM & Grisham M 
(1982). Myeloperoxidase-catalyzed incorporation of amino acids into 
proteins: Role of hypochlorous acid and chloramines. Biochemistry, 
21: 6299-6308).  

In turn, the hypohalous acids can react with H2O2 to generate singlet 
oxygen (Steinbeck MJ, Khan AU, Karnovsky MJ & Hegg GG (1992). 
Intracellular singlet oxygen generation by phagocytosing neutrophils 
in response to particles coated with a chemical trap. Journal of 
Biological Chemistry, 267: 13425-13433). For example, 

 

All this was of little interest to biologists, however, until 1969, when 
McCord and Fridovich (McCord JM & Fridovich I (1969). Superoxide 
dismutase. An enzymic function for erythrocuprein. Journal of 
Biological Chemistry, 244: 6049-6055) discovered superoxide 
dismutase.  

This enzyme destroys O2
- by catalyzing the dismutation reaction 

described above. The ubiquitous occurrence of an enzyme that 
catalyzes the destruction of O2

- implied that O2
- had to be 

participating in an important way in the biological economy (Halliwell 
B & Gutteridge JMC (1989). Free Radicals in Biology and Medicine. 
2nd edn. Oxford University Press, Oxford).   I must add that 
superoxide is not destroyed and it is actually converted to 
hydrogen peroxide.  Therein lies the beauty of superoxide 
dismutase!   

1.2.1.0  Superoxide the evil 



As the precursor of a large number of highly reactive oxidizing 
agents, including oxidizing radicals, singlet oxygen, peroxynitrite and 
oxidized halogens such as HOCl, O2

- clearly had the potential to inflict 
considerable damage on biological systems. That O2

- could realize 
this potential was shown in numerous experiments, at first indirectly 
by demonstrations, for example, that oxidative stress induced 
substantial increases in the superoxide dismutase concentration of E. 
coli, and later directly by genetic experiments with bacteria and 
eukaryotes containing no superoxide dismutase or excess superoxide 
dismutase.  

Damage to DNA, proteins and lipids have all been documented 
as consequences of exposure to O2

- and its descendants in 
vitro. DNA damage may lead to the production of abnormal bases 
such as thymine glycol and 8-hydroxyguanine or to strand breakage 
through a series of reactions initiated by the abstraction of a 4' 
hydrogen atom from a ribose residue. On proteins, susceptible 
residues such as cysteine and histidine are oxidized, leading in some 
cases to the production of oxo groups that can be assayed to provide 
an index of oxidative damage to proteins. In addition, tyrosine 
residues are nitrated, a consequence of the spontaneous decay of 
ONOO- into a nitrating agent of some sort. Hypohalous acids will 
decarboxylate α-amino acids to aldehydes, and will halogenate 
tyrosine and heterocycles (e.g., adenosine, NAD). Polyunsaturated 
fatty acid residues on phospholipids and triglycerides undergo 
peroxidation to form toxic alkyl hydroperoxides and 
aldehydes. 

These oxidation reactions are currently believed to participate in the 
pathogenesis of a number of important degenerative diseases, including 
atherosclerosis, in which the uptake of oxidized lipoproteins via the scavenger 
receptor of macrophages is thought to be an early step in the formation of the 
endothelial foam cells and lipid deposits characteristic of that condition; 
malignancies, some of which may arise as a result of oncogene mutations 
caused by oxidative damage to DNA; arthritis, due to joint damage inflicted in 
part by oxidants released at sites of inflammation, and possibly aging itself, not 
a disease but an inevitable consequence of living. 

1.2.1.1  Antioxidant enzymes 

Four enzymes comprise three enzyme-based antioxidant systems 
that deal with oxidants formed by the partial reduction of oxygen: 

1. Superoxide dismutase. Superoxide dismutase catalyzes the 
destruction of O2

- by converting it to oxygen and H2O2: 

 

The uncatalyzed reaction is very rapid, proceeding with a rate 
constant of ca. 106-107 M-1 s-1 at the pH values prevailing in tissues. 
Superoxide dismutase, however, greatly accelerates the rate 
of destruction of O2

-, in part by converting a second order reaction 
to a first order reaction. Because of the effect of superoxide 



dismutase, steady-state concentrations of O2
- in tissues are many 

orders of magnitude lower than they would be if the elimination of 
O2

- was solely dependent on its spontaneous dismutation. 

Mutant forms of the Cu2+/Zn2+ enzyme appear to explain the familial forms of a 
fatal neurological disease known as amyotrophic lateral sclerosis, or motor 
neuron disease (Hosler BA & Brown Jr RH (1995). Copper/zinc superoxide 
dismutase mutations and free radical damage in amyotrophic lateral sclerosis. 
Advances in Neurology, 68: 41-46).  

In this condition, the motor neurons in the patient's cerebral cortex and spinal 
cord degenerate over the course of a few years, leading to weakness and 
eventually paralysis, with death from pneumonia caused by the inability of the 
patient to clear respiratory secretions. The mutant enzymes dismute 
superoxide in a normal fashion, but they have excess peroxidase 
activity, an activity present in normal Cu2+/Zn2+ dismutase to only a very 
limited extent (Wiedau-Pazos M, Goto JJ, Rabizadeh S, Gralla EB, Roe JA, Lee 
MK, Valentine JS & Bredesen DE (1996). Altered reactivity of superoxide 
dismutase in familial amyotrophic lateral sclerosis. Science, 271: 515-518). I 
believe that the peroxidase produces an EMOD insufficiency state and 
consequently “allows” for the development or perpetuation of ALS. 

It is presently thought that the oxidative damage inflicted by the increased 
peroxidase activity of the mutant dismutase is responsible for the early death 
of these neurons.   

 

Catalase. The H2O2 produced by the dismutation of O2
- or generated 

by H2O2
-generating oxidases (e.g., D-amino acid oxidase) is handled 

by two systems: catalase and a glutathione-dependent antioxidant 
system that reduces H2O2 to water at the expense of NADPH. 
Catalase is a tetrameric heme enzyme of 240-kDa mass that 
catalyzes the dismutation of H2O2 to oxygen and water: 

 

Catalase is erroneously said to work only at high 
concentrations of H2O2, and to serve principally as a backup for the 
glutathione-dependent system to be discussed below, but the 
enzyme has a binding site for NADPH, and when this site is occupied, 
catalase operates at H2O2 concentrations in the vicinity of those at 
which the glutathione-dependent systems operate (Gaetani GF, 
Ferraris AM, Rolfo M, Mangerini R, Arena S & Kirkman HN (1996). 
Predominant role of catalase in the disposal of hydrogen peroxide 
within human erythrocytes. Blood, 87: 1595-1599).  

It is therefore likely that some half the H2O2 produced in the 
cell is destroyed by catalase. Catalase deficiency exists, but is 
relatively innocuous; the Swiss type is asymptomatic, while the 
Japanese variety is associated only with ulcers of the oral cavity. 



The glutathione-dependent antioxidant system. The glutathione-
dependent antioxidant system consists of glutathione plus 
two enzymes: glutathione peroxidase and glutathione 
reductase. As this system operates, glutathione cycles between its 
oxidized and reduced forms. The reactions catalyzed by these 
enzymes are: 

 

 

Like other enzymes that catalyze the interconversion of sulfhydryl 
groups and disulfides, the 22-kDa glutathione reductase uses FAD as 
its cofactor. Glutathione peroxidase, another 22-kDa protein, is 
unusual, however, in that the redox element in its active site 
is selenocysteine. The selenocysteine is introduced into the protein 
by a special t-RNA that is initially charged with serine but undergoes 
a series of reactions that convert it to t-RNAselenoCys. Selenocysteine is 
encoded by the triplet UGA, which ordinarily introduces a stop but in 
the context of the glutathione peroxidase mRNA is recognized by the 
selenocysteine-linked t-RNA. The antioxidant properties of 
selenium are explained by its occurrence in glutathione 
peroxidase. 

Families with inherited deficiencies of glutathione peroxidase 
(Cohen HJ, Chovaniec ME, Mistretta D & Baker SS (1985). Selenium 
repletion and glutathione peroxidase - differential effects on plasma 
and red blood cell enzyme activity. American Journal of Clinical 
Nutrition, 41: 735-747) and glutathione reductase (Bigley R, 
Stankova L, Roos D & Loos J (1980). Glutathione-dependent 
dehydroascorbate reduction: a determinant of dehydroascorbate 
uptake by human polymorphonuclear leukocytes. Enzyme, 25: 200-
204) have been reported.  

Affected members manifest a mild to moderately severe hemolytic 
anemia that is aggravated by infection and by oxidant drugs such as 
nitrofurantoin and certain sulfonamides. Selenium deficiency on a 
nutritional basis leads to a cardiomyopathy that may in part 
represent oxidative damage due to glutathione peroxidase 
deficiency but, in addition, is likely to reflect injury caused by 
the deficiency of other selenium-containing enzymes, because 
it is not seen in inherited glutathione peroxidase deficiency 
(Johnson RA, Baker SS, Fallon JT, Maynard III EP, Ruskin JN, Wen Z, 
Ge K & Cohen HJ (1981). An occidental case of cardiomyopathy and 
selenium deficiency. New England Journal of Medicine, 304: 1210-
1212). 



Lipid hydroperoxides, which are formed during the peroxidation of 
lipids containing unsaturated fatty acids, are reduced, not by the 
usual glutathione peroxidase, but by a special enzyme designed 
specifically to handle peroxidized fatty acids in phospholipids. This 
enzyme, known as phospholipid hydroperoxide glutathione 
peroxidase, is an 18-kDa protein that can reduce both H2O2 and 
lipid hydroperoxides to the corresponding hydroxides (water and a 
lipid hydroxide, respectively). In contrast to the phospholipid 
hydroperoxide glutathione peroxidase, ordinary glutathione 
peroxidase is unable to act on lipid hydroperoxides. 

1.2.1.2  Low molecular weight antioxidants 

Many low molecular weight compounds can act as biological 
antioxidants, including among others carotenoids, bilirubin and uric 
acid. The most important of these, however, are two vitamins: 
ascorbic acid (vitamin C), and α-tocopherol (vitamin E). Ascorbic 
acid, a very water soluble compound, reacts with free radicals that 
arise in the aqueous compartments of tissues, forming the innocuous 
ascorbate semiquinone (see Diagram 3). 

 

The semiquinone is consumed in a dismutation reaction in which two 
semiquinone molecules react to produce a molecule of ascorbate and 
a molecule of dehydroascorbate (see Diagram 4).  

 

The dehydroascorbate is then enzymatically reduced back to 
ascorbate by dehydroascorbate reductase (May JM, Qu Z & Morrow 
JD (1996). Interaction of ascorbate and α-tocopherol in resealed 
human erythrocyte ghosts. Transmembrane electron transfer and 
protection from lipid peroxidation. Journal of Biological Chemistry, 
271: 10577-10582). 



α-Tocopherol, a highly lipophilic molecule, is the chief 
antioxidant in biological membranes. It reacts with free radicals 
to form the highly stable tocopherol semiquinone (see Diagram 5).  

 

The semiquinone is then reduced back to the alcohol by ascorbic 
acid. 

A small antioxidant with special properties is taurine (2-aminoethyl 
sulfonic acid). This compound reacts with hypohalous acids and 
halamines, which are routinely generated by phagocytes for use as 
microbicidal killing agents (see below, Superoxide the good) but 
whose great reactivity allows them to inflict major damage in the 
tissues in which they are released. The product of the reaction 
between an oxidized halogen and taurine, however, is a 
halamine with exceptionally low reactivity for this class of 
compounds - such low reactivity, in fact, that it is harmless to 
tissues (Weiss SJ, Lampert MB & Test ST (1983). Long-lived 
oxidants generated by human neutrophils: Characterization and 
bioactivity. Science, 222: 625-628).  

An example is the reaction between taurine and hypochlorous acid to 
form taurine chloramine: 

 

Taurine is therefore able to detoxify these very reactive and 
dangerous oxidized halogens by converting them to innocuous 
(oxidant) compounds. 

1.2.2.3  Superoxide the good 

1.2.2.4  O2
- production by phagocytes 

The consequences of O2
- production in tissues are not all bad. 

In fact, the production of O2
- can be lifesaving.  

This was first demonstrated by the surprising finding that O2
- is 

produced in large quantities by stimulated phagocytes (Babior BM, 
Kipnes RS & Curnutte JT (1973). Biological defense mechanisms: the 
production by leukocytes of superoxide, a potential bactericidal 
agent. Journal of Clinical Investigation, 52: 741-744).  



Individuals with chronic granulomatous disease, an inherited disorder 
in which phagocytes are unable to manufacture O2

-, are highly 
susceptible to very dangerous bacterial and fungal infections that 
formerly killed most of the patients before they reached their 
tenth birthday (Johnston RB & Newman SL (1977). Chronic 
granulomatous disease. Pediatric Clinics of North America, 24: 365-
376), though recently the advent of newer modes of treatment has 
greatly improved their outlook. The O2

- produced by these cells is 
made by the leukocyte NADPH oxidase, a membrane-associated 
enzyme, that catalyzes the one-electron reduction of oxygen at the 
expense of NADPH: 

 

The oxidase is dormant in resting cells, but develops catalytic 
activity when the cells encounter a microorganism or are 
exposed to any of several soluble stimuli, including N-formylated 
peptides, the complement polypeptide C5a or leukotriene B4. 

The O2
- produced by these cells is only weakly microbicidal, 

though it can inactivate bacterial iron-sulfur proteins such as 
aconitase. The major microbicidal oxidant of phagocytes is 
HOCl, produced by the H2O2 generated by the dismutation of 
O2

- (Thomas EL & Fishman M (1986). Oxidation of chloride and 
thiocyanate by isolated leukocytes. Journal of Biological Chemistry, 
261: 9694-9702) (She Z-W, Wewers MD, Herzyk DJ, Sagone AL & 
Davis WB (1989). Tumor necrosis factor primes neutrophils for 
hypochlorous acid production. American Journal of Physiology, 257: 
L338-L345) (Raschke P, Becker BF, Leipert B, Schwartz LM, Zahler S 
& Gerlach E (1993). Postischemic dysfunction of the heart induced by 
small numbers of neutrophils via formation of hypochlorous acid. 
Basic Research in Cardiology, 88: 321-339).  

HOCl production is catalyzed by myeloperoxidase, which is abundant 
in neutrophils and monocytes and catalyzes the two-electron 
oxidation of the chloride ion by hydrogen peroxide (Harrison JE & 
Schultz J (1976). Studies on the chlorinating activity of 
myeloperoxidase. Journal of Biological Chemistry, 251: 1371-1374): 

 

Myeloperoxidase can also oxidize Br- and I- to the corresponding 
hypohalous acids. An enzyme in eosinophils, the eosinophil 
peroxidase, catalyzes the same reaction, except that Cl- is not a 
substrate; the chief product of the eosinophil peroxidase reaction is 
HOBr. The hypohalous acid will react with any of the hundreds 
of amines present in the cell to form a vast array of halamines  
whose toxicities range from none to extreme, the degree of 
toxicity roughly correlating with the lipid solubility of the halamine. 

Recent work with E. coli has revealed a mechanism by which 
oxidized halogens can kill a microorganism. It has been 
observed that the lethal action of HOCl against E. coli takes place on 



the membrane. This membrane contains a binding site to which the 
origin of replication of the E. coli genome (oriC) has to attach before 
the DNA can be copied during bacterial replication. HOCl is able to 
inactivate this binding site, and experiments have shown that the 
fraction of bacteria killed by HOCl at a given time is virtually identical 
to the fraction of binding sites that have been inactivated. These 
results imply that the destruction of this binding site is 
tantamount to the destruction of the microorganism itself. 

The oxidizing radicals produced from the O2
- in the Haber-

Weiss and related reactions also participate in the oxidative 
killing of microorganisms, but principally as a backup system. 
This is shown by the observation that patients with 
myeloperoxidase deficiency have little or no problem with 
infections (Parry MF, Root RK, Metcalf JA, Delaney KK, Kaplow LS & 
Richar WJ (1981). Myeloperoxidase deficiency: Prevalence and 
clinical significance. Annals of Internal Medicine, 95: 293-301), in 
contrast to patients with chronic granulomatous disease, whose very 
high susceptibility to such infections was discussed above.  

This indicates the occurrence in phagocytes of a backup microbicidal 
system that is dependent on oxygen and is active in patients whose 
neutrophils and monocytes are unable to manufacture oxidized 
halogens (i.e., cells deficient in myeloperoxidase). This system is 
highly likely to employ the oxidizing radicals known to be produced 
by these phagocytes. 

1.2.2.5  A possible antioxidant activity of O2
- itself 

There appears to be an optimum for the intracellular concentration of 
superoxide dismutase. Too much superoxide dismutase can be 
just as harmful as too little (Scott MD, Meshnick SR & Eaton JW 
(1987). Superoxide dismutase-rich bacteria. Paradoxical increase in 
oxidant toxicity. Journal of Biological Chemistry, 262: 3640-3645) 
(Scott MD, Meshnick SR & Eaton JW (1989). Superoxide dismutase 
amplifies organismal sensitivity to ionizing radiation. Journal of 
Biological Chemistry, 264: 2498-2501) (Omar BA, Gad NM, Jordan 
MC, Striplin SP, Russell WJ, Downey JM & McCord JM (1990). 
Cardioprotection by Cu,Zn-superoxide dismutase is lost at high doses 
in the reoxygenated heart. Free Radical Biology and Medicine, 9: 
465-471). I believe that this is due to the fact that SOD is not 
an antioxidant but is instead a powerful oxidant, in that it 
produces hydrogen peroxide.  

This finding has given rise to the speculation that a little 
intracellular O2

- is necessary for the welfare of the cell. O2
- is 

chemically able to reduce potentially dangerous 
semiquinones that might arise in the course of a cell's metabolic 
activities: 

 



and interference with the detoxification of such semiquinones due to 
a reduction in the steady-state O2

- concentration within the cell has 
been proposed as the basis for the harmful effects of too much 
superoxide dismutase. On the other hand, the Cu2+/Zn2+ 
dismutase is also a peroxidase, so the possibility remains that the 
harm caused by excess superoxide dismutase could be a result of 
peroxidation (Forage RG & Foster MA (1979). Resolution of the 
coenzyme B-12-dependent dehydratases of Klebsiella sp. and 
Citrobacter freundii. Biochimica et Biophysica Acta, 569: 249-258). 

1.2.2.6  Regulation by O2
- and H2O2 

It has become increasingly apparent over the last few years 
that O2

- and H2O2 are signalling molecules, changing the 
behavior of proteins as diverse as transcription factors and 
membrane receptors by virtue of their ability to undergo 
redox reactions with the proteins with which they interact, 
converting -SH groups to disulfide bonds, for example, and 
changing the oxidation states of enzyme-associated transition 
metals. As signalling molecules, O2

- and H2O2 are manufactured 
by several types of cells, including fibroblasts, endothelial and 
vascular smooth muscle cells, neurons, ova, spermatozoa and 
cells of the carotid body. All these cell types appear to use an 
NAD(P)H oxidase similar to the classical leukocyte NADPH oxidase to 
produce these oxidants. The stimuli that elicit oxidant 
production, however, and the purposes for which the oxidants 
are employed, vary from cell to cell. 

1. Fibroblasts. Fibroblasts manufacture small but significant amounts 
of O2

- in response to inflammatory mediators such as N-formylated 
peptides and interleukin-1. The O2

- produced by these cells has been 
postulated to function as a signalling molecule. Optical spectroscopy 
has shown that fibroblast membranes contain a heme protein that is 
different from the flavocytochrome subunit of the leukocyte NADPH 
oxidase but has properties very similar to those of the leukocyte 
protein. This heme protein has been suggested as the source of the 
O2

- made by these cells. 

2. Endothelial and vascular smooth muscle cells. These cells use an 
NAD(P)H oxidase to produce O2

- in response to angiotensin II, a 
peptide hormone that increases blood pressure. This increase in 
blood pressure appears to be due to the consumption by O2

- of the 

NO· that is generated on a continuing basis by the endothelial cells. 

The resulting fall in NO· concentration raises blood pressure by 

attenuating or eliminating the vasodilatory effect of NO· that 
normally prevails in the vascular tree. 

3. Neurons. A recent study has shown that neuronal cells in 
culture produce oxidants when exposed to amyloid ß-peptide, 
found in amyloid deposits seen in the brains of patients with 
Alzheimer's disease, or related peptides from other amyloid diseases. 
The possibility that this O2

- is produced by an NADPH oxidase is 
suggested by the observation that flavoprotein inhibitors known to 



act on the leukocyte NADPH oxidase also inhibit oxidant production in 
this system (Schubert D, Behl C, Lesley R, Brack A, Dargusch R, 
Sagara Y & Kimura H (1995). Amyloid peptides are toxic via a 
common oxidative mechanism. Proceedings of the National Academy 
of Sciences, USA, 92: 1989-1993).  

The production of oxidants may be part of a defense used by 
the neuron against the peptide, with these oxidants perhaps 
reacting with the peptide to render it susceptible to proteolytic 
cleavage. 

4. Ova. At the moment of fertilization, a membrane NADPH 
oxidase in sea urchin ova is activated to produce large 
amounts of H2O2 (Heinecke JW & Shapiro BM (1989). Respiratory 
burst oxidase of fertilization. Proceedings of the National Academy of 
Sciences, USA, 86: 1259-1263).  

This oxidant cross-links the proteins of the fertilization membrane by 
forming dityrosyl bridges (see Diagram 6), making the membrane 
impermeable to spermatozoa and thereby preventing polyspermy. 

Diagram 6 

 

5. Spermatozoa. O2
- appears to be necessary for the normal 

function of spermatozoa. When stimulated by a calcium 
ionophore, normal spermatozoa generate a 3- to 5-min burst of 
O2

- (Aitken RJ & Clarkson JS (1987). Cellular basis of defective sperm 
function and its association with the genesis of reactive oxygen 
species by human spermatozoa. Journal of Reproduction and 
Fertility, 81: 459-469).  

The O2
- produced in this reaction is involved in capacitation of the 

spermatozoa, because the acrosomal response to a number of 
stimuli is suppressed by superoxide dismutase. On the other 
hand, spermatozoa that produce O2

- without stimulation are 



functionally abnormal, perhaps because of a generalized 
disruption in their signalling machinery. 

6. The carotid body. The carotid body is a small organ located at 
the bifurcation of the common carotid artery that measures 
the oxygen tension of the blood (Acker H, Bolling B, Delpiano MA, 
Dufau E, Gorlach A & Holtermann G (1992). The meaning of H2O2 
generation in carotid body cells for pO2 chemoreception. Journal of 
the Autonomic Nervous System, 41: 41-51).  

This organ manufactures H2O2 on a continuing basis, and 
immunological analysis has shown that its cells contain all 4 of the 
specific subunits of the leukocyte NADPH oxidase, or proteins very 
closely related to those subunits. It has been postulated that a 
carotid body NADPH oxidase very similar or identical to the leukocyte 
NADPH oxidase is a key component of the oxygen-measuring 
apparatus of the carotid body.  I can not believe that the 
continual manufacture of peroxide by the carotid body is a 
mistake of nature.  To the contrary, it is likewise a purposeful 
production of an EMOD, critical to normal biological function. 

As to the effects of these oxidants on cellular function, there is a 
truly astounding number of proteins whose operation appears 
to depend on the redox state of the cell. Examples include the 
general transcription factors NF-kappa B and AP-1 (jun/fos), as well 
as several transcription factors that induce the synthesis of proteins 
that protect against oxidative stress (e.g., soxR, soxS, oxyR).  

Membrane receptors and transporters, including, for example, the 
insulin receptor and receptors for certain neurotransmitters, 
are regulated by the redox state of the cell.  

A very large number of enzymes are also regulated by the cell's 
redox state. A partial list of proteins whose function is regulated by 
oxidation-reduction is presented in Table 1. These oxidants generally 
act by effecting alterations in iron-sulfur clusters or by inducing the 
formation or rupture of disulfide bonds on whose status the function 
of the protein depends.  

It can be postulated that at least for proteins regulated by sulfhydryl-
disulfide equilibria, the effects of the oxidants are mediated through 
alterations in the ratio of oxidized to reduced glutathione, though this 
hypothesis is very difficult to prove experimentally, at least in intact 
cells. 

1.2.2.7  Conclusion 

The discovery of superoxide dismutase by McCord and Fridovich has 
revolutionized the way biologists think about oxygen (McCord JM & 
Fridovich I (1969). Superoxide dismutase. An enzymic function for 
erythrocuprein. Journal of Biological Chemistry, 244: 6049-6055).  

http://www.scielo.br/img/fbpe/bjmbr/v30n2/2691tab1.gif


They have come to recognize oxygen as a dangerous gift: indispensable for energy 
production at the level needed for living at any but the most sluggish pace, but the cause 
of damage that accumulates slowly over a lifetime, damage that is at least in part 
responsible for most of the chronic illnesses that develop with age. The challenge for the 
future is to develop ways to attenuate the damage inflicted by oxygen, O2

- and their 
many descendants when they assume their evil forms. (Superoxide: a two-edged sword. 
B.M. Barbior. Braz J Med Biol Res, February 1997, Volume 30(2) 141-155).  Obviously, 
I have a different opinion. 
 
1.2.3.0  Oxygen homeostasis 
 
Oxygen homeostasis represents an important organizing principle for human 
development and physiology. The essential requirement for oxidative phosphorylation to 
generate ATP is balanced by the risk of oxidative damage to cellular lipids, nucleic acids, 
and proteins. As a result, cellular and systemic O2 concentrations are tightly regulated 
via short- and long-acting response pathways that affect the activity and expression of a 
multitude of cellular proteins (Semenza, G.L. 1999. Perspectives on oxygen sensing. Cell 
98: 281-284).  
 
This delicate balance is disrupted in heart disease, cancer, cerebrovascular disease, and 
chronic obstructive pulmonary disease, which represent the most common causes of 
mortality and account for two-thirds of all deaths in the U.S. (Greenlee, R.T. 2000. 
Cancer statistics. CA Cancer J. Clinicians 50: 7-33).  
 
Appreciation of the fundamental importance of oxygen homeostasis for development, 
physiology, and disease pathophysiology is growing and incomplete.  Oxygen 
metabolism, with its resultant EMOD production, is the basis of my current theories 
on disease causation, allowance and prevention.  
 
1.2.3.1  Heart disease predetermined by oxygen levels in the womb 
 
The amount of oxygen available to a baby in the womb can affect their susceptibility 
to developing particular diseases later in life. Research presented at the annual Society 
for Endocrinology BES meeting in Harrogate shows that your risk of developing 
cardiovascular disease can be predetermined before birth, not only by your genes, but 
also by their interaction with the quality of the environment you experience in the womb.  
 
Researchers at the University of Cambridge, led by Dr Dino Giussani, examined the role 
that oxygen availability in the womb plays in programming your susceptibility to 
different diseases. His group found that babies that don't receive enough oxygen 
in the womb (e.g. due to pre-eclampsia or placental insufficiency) are 
more likely to suffer from cardiovascular disease when they are adult.  
 
A reduction of oxygen levels in the womb can lead to reduced growth rates in the 
baby and to changes in the way that their cardiovascular, metabolic and endocrine 
systems develop. Combined, these alterations to the development of key systems in the 
body can leave the baby more prone to developing cardiovascular disease later in life. I 



believe that it is obvious that less oxygen availability results in an EMOD 
insufficiency and to an increased risk for developing clustering of diseases, such as 
seen with my ROSI syndrome. 
 
Dr Giussani's research also indicates methods by which we can potentially combat this 
problem. The detrimental effects of low oxygen levels on the development of the 
unborn's cardiovascular system appear to be due to the generation of oxidative 
stress.   
 
I disagree, due to the many studies showing that hypoxia does not result in an 
increase in EMOD production. 
 
Treatment with antioxidants in animal pregnancies complicated by low oxygenation can 
“allegedly” reverse these effects on the developing cardiovascular system and this could 
form the basis for new therapeutic techniques to prevent the early origin of heart disease 
in complicated human pregnancy.  
 
Cardiovascular disease is the most common cause of death in the UK, accounting for 4 in 
every 10 deaths. Almost 2.6 million people are affected by heart and circulatory 
conditions in the UK, with someone having a heart attack every 2 seconds.  
 
Scientist Dr Dino Giussani said:  "We have known for a while that changes in maternal 
nutrition can affect fetal development and influence disease susceptibility later in life, but 
relatively little work has investigated how low oxygen levels in the womb may affect 
infant development. Our research shows that changes to the amount of oxygen 
available in the womb can have a profound influence on the development of the 
fetus in both the short- and long- term, and trigger an early origin of heart disease.  
 
Interestingly and allegedly, the adverse effects on the developing heart and circulation of 
poor fetal oxygenation are due to oxidative stress. This gives us the opportunity to 
combat prenatal origins of heart disease by fetal exposure to antioxidant therapy. This 
may halt the development of heart disease at its very origin, bringing preventative 
medicine back into the womb." To me, it would seem more logical to merely increase 
the oxygen supply to normal levels for the developing fetus or embryo. 
 
The paper was presented at the Society for Endocrinology BES meeting on Tuesday 8 
April 2008. This work was funded by the British Heart Foundation, The Royal Society, 
The Lister Institute for Preventive Medicine, the BBSRC and the Isaac Newton Trust. 

1.2.3.1  EMODs: general information and cardiovascular disease 
The heart is relatively deficient in those enzymes responsible for clearing free 
radicals i.e., superoxide dismutase, catalase, and glutathione peroxidase (Doroshow 
JH, Locker GY, Myers CE. Enzymatic defenses of the mouse heart against reactive 
oxygen metabolites: alterations produced by doxorubicin. J Clin Invest. 1980;65:128–
135).   



Some of the following material was abstracted, excerpted or modified from:  A 
Comparison of Arteries and Veins in Oxidative Stress: Producers, Destroyers, Function, 
and Disease. Theodora Szasz, Keshari Thakali, Gregory D. Fink and Stephanie W. Watts. 
Experimental Biology and Medicine 232:27-37 (2007).   
 
 
 
 

 
Reactive oxygen species metabolism: gradual addition of electrons reducing molecular 
oxygen. Experimental Biology and Medicine 232:27-37 (2007). 
 
 
 
1.2.4.1  Producers and Destroyers of Reactive Oxygen Species  

ROS producers ROS destroyers 
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chain 

Superoxide dismutase family 

Nox and Duox families Catalase 

Xanthine oxidase Glutathione system 

Superoxide dismutase 
family 

Selenoproteins (glutathione peroxidase, thioredoxin 
reductase, etc.) 

Uncoupled nitric oxide 
synthase 

 

Monoamine oxidase Peroxiredoxins 

Lipoxygenase Antioxidant ROS scavengers (A, C, E vitamins, 
ceruloplasmin, ubiquinone, uric acid, bilirubin, etc.) 



Cyclooxygenase  

Cytochrome P450 Nitric oxide 

Haber-Weiss and Fenton 
reactions 

Uncoupling proteins (?) 

Environment (ionizing 
radiation, etc.) 

 

Nitric oxide (reactive 
nitrogen species) 

 

 
Producers and Destroyers of Reactive Oxygen Species:  Experimental Biology and 
Medicine 232:27-37 (2007). 
 
The mitochondrial respiratory chain is the main energy source for the cell. Situated in the 
inner mitochondrial membrane, it catalyzes electron transfer using more than 80 
peptides organized in four complexes.  
 
The transfer of electrons, shuttled by coenzyme Q and cytochrome C, usually leads 
to the formation of ATP by the fifth complex. However, a certain amount (1–2% in 

vitro) of electrons leak (Finkel T, Holbrook NJ. Oxidants, oxidative stress and the 
biology of ageing. Nature408(6809):239–247, 2000), principally from complex III but 

also from complex I, generating superoxide (St-Pierre J, Buckingham JA, Roebuck SJ, 
Brand MD. Topology of superoxide production from different sites in the mitochondrial 
electron transport chain. J Biol Chem277(47):44784–44790, 2002). 
 
The Nox family of NADPH oxidases is another major source of ROS. The classic 
example is the phagocytic NADPH oxidase, a multisubunit enzyme involved in host 
defense. Composed of two membrane-bound catalytic subunits, Nox2 (formerly known as 
gp91phox) and p22phox (forming the central flavocytochrome b558), and four cytosolic 
regulatory sub-units, p47phox, p40phox, p67phox, and Rac, the phagocytic NADPH oxidase 
requires for its activation a series of phosphorylation and translocation events, triggered 

by pathogen recognition. 
 
Deliberate generation of ROS by the professional phagocyte during the "oxidative burst" 
is a rapid and powerful weapon of defense against pathogens. A genetic lack of NADPH 
oxidase activity in patients suffering from chronic granulomatous disease, a condition 
characterized by recurrent, life-threatening infections, illustrates the importance of the 
beneficial side of ROS chemistry (El-Benna J, Dang PM, Gougerot-Pocidalo MA, Elbim 
C. Phagocyte NADPH oxidase: a multicomponent enzyme essential for host defenses. 
Arch Immunol Ther Exp (Warsz)53(3):199–206, 2005). 
 
1.2.4.2 Xanthine Oxidoreductase. 
Xanthine oxidoreductase (XOR) is an enzyme that catalyzes the last steps of purine 



metabolism: the transformation of hypoxanthine and xanthine to uric acid, with 
superoxide/H2O2 generated as by-products. 
 
1.2.4.3  Nitric Oxide Synthase. 
Nitric oxide synthase (NOS), the enzyme responsible for NO generation, has three 
isoforms: NOS1 (the neuronal NOS), NOS2 (the inducible NOS), and NOS3 (the 
endothelial NOS). In physiological conditions, NOS catalyzes the transformation of L-
arginine into L-citrulline and NO, using several cofactors: NADPH, FAD, FMN, and 
5,6,7,8-tetrahydrobiopterin (BH4). However, if the enzyme is depleted of BH4 or of L-
arginine, it becomes uncoupled and transfers electrons to molecular oxygen rather than 
the substrate L-arginine, producing superoxide. Furthermore, interaction of superoxide 
with NO generates peroxynitrite, the second in the family of reactive nitrogen species, 
capable of producing a cascade of deleterious effects through oxidation, nitration and 
nitrosation of molecules. 
 
1.2.4.4   Nitric oxide synthase, nitrotyrosine linked to clustering of CVD and other 
diseases 
 
Many scientists view atherosclerosis, or hardening of the arteries, as a localized disease 
characterized by the build up of fatty plaques in the arteries, which can eventually cause 
heart attacks and strokes. Now, in a finding that challenges conventional knowledge, 
researchers in New York and North Carolina report (4/12/08) that plaques formed in 
arteries are associated with certain harmful chemical reactions that can contribute to 
damage in the lungs, liver, and other organs.  
 
The findings suggest that the effects of atherosclerosis are more widespread than 
previously believed, the researchers say. The study could lead to new targets for 
developing drugs that could help prevent or reduce these chemical changes that appear to 
accompany heart disease, the number one cause of death in the U.S. Their study was 
presented 4/12/08 at the 235th national meeting of the American Chemical Society.  
 
"Our findings add new knowledge to the big melting pot of this complex disease called 
atherosclerosis," says study leader Rita Upmacis, Ph.D., a chemist at Weill Medical 
College of Cornell University in New York. "I anticipate that future research will 
establish whether the harmful protein modifications we observed in animal organs can be 
prevented and provide the basis of new treatments for the disease."  
 
Scientists are closing in on the root causes of the disease. One of the more promising 
lines of research focuses on the interaction between certain highly reactive nitrogen 
molecules and proteins. Under certain conditions, this interaction produces 
nitrotyrosine, which has been allegedly linked to Alzheimer's, arthritis, 
cancer, and other disorders. However, scientists know little about the role of 
nitrotyrosine in atherosclerosis.  
 
In the new study, Upmacis and colleagues worked with laboratory mice that have 
atherosclerosis. These mice are widely used in atherosclerosis research that cannot be 



done in humans. Mice that are genetically prone to atherosclerosis and fed a high-fat 
diet developed high levels of nitrotyrosine in their heart, lung, liver, and kidney. By 
contrast, mice that were fed regular diets showed no such increase. The rise in 
nitrotyrosine levels suggests that high-fat diets in animals with atherosclerosis can help 
trigger nitrotyrosine accumulation in the proteins of various organs, the scientists say.  
 
Upmacis and colleagues also conducted a related experiment in atherosclerotic mice 
lacking the gene that makes nitric oxide synthase (iNOS), an enzyme that orchestrates 
accumulation of nitrotyrosine in proteins. In association with prior findings that iNOS 
gene deletion limits the formation of atherosclerotic plaques, the new study 
showed that nitrotyrosine accumulation in proteins is reduced in diverse organs when 
iNOS is absent.  
 
"The findings support an emerging view that iNOS could be a new target for treating 
atherosclerosis and that limiting nitrotyrosine accumulation in the lungs, liver, and other 
organs could help fight the damaging effects of the disease," Upmacis says. "But the trick 
will be to develop a drug to block this pathway without causing any unwanted side 
effects."  Potentially, the accumulation of nitrotyrosine in the blood can be utilized as a 
diagnostic test to track atherosclerosis and provide a clearer picture of damage to organs, 
the researchers say.  
 
I believe that an alternate explanation for these findings is that NO reacts with 
superoxide and thus, leads to an EMOD insufficiency state, which in turn leads to 
the clustering of diseases, as I have proposed in my ROSI syndrome. 
 
1.2.4.5  Superoxide Dismutases. 
A central role in the regulation of ROS levels is attributed to superoxide dismutases 
(SODs), a family of enzymes responsible for superoxide breakdown, with the 
consecutive production of hydrogen peroxide. This otherwise spontaneous dismutation 
reaction is significantly accelerated by SOD. There are three known SODs: the cytosolic 
CuZnSOD (SOD1), an unusually stable homodimer; the mitochondrial MnSOD (SOD2), 
functioning as a tetramer; and the extracellular EC-SOD (SOD3), a tetramer with a C 
terminal heparin-binding region. There is a great body of evidence supporting 

the beneficial role of SOD. Knock-out experiments showed neonatal lethality of 
mice lacking MnSOD and reduced lifespan and multiple function abnormalities in 
mice lacking CuZnSOD (Huang TT, Yasunami M, Carlson EJ, Gillespie AM, Reaume 
AG, Hoffman EK, Chan PH, Scott RW, Epstein CJ. Superoxide-mediated cytotoxicity in 
superoxide dismutase-deficient fetal fibroblasts. Arch Biochem Biophys344(2):424–432, 
1997) (Macmillan-Crow LA, Cruthirds DL. Invited review: manganese superoxide 
dismutase in disease. Free Radic Res34(4):325–336, 2001) (Faraci FM, Didion SP. 
Vascular protection: superoxide dismutase isoforms in the vessel wall. Arterioscler 
Thromb Vasc Biol24(8): 1367–1373, 2004) (Johnson F, Giulivi C. Superoxide 
dismutases and their impact upon human health. Mol Aspects Med26(4–5):340–352, 
2005).  I believe that the lethal effects are due specifically to a deficiency of peroxide, 
consequent to the absence of SOD.  
 



Furthermore, overexpression studies of SODs strongly suggest a protective 
role of these enzymes in many diseases, as well as in aging (Macmillan-
Crow LA, Cruthirds DL. Invited review: manganese superoxide dismutase in disease. 
Free Radic Res34(4):325–336, 2001) (Faraci FM, Didion SP. Vascular protection: 
superoxide dismutase isoforms in the vessel wall. Arterioscler Thromb Vasc Biol24(8): 
1367–1373, 2004) (Johnson F, Giulivi C. Superoxide dismutases and their impact upon 
human health. Mol Aspects Med26(4–5):340–352, 2005).  Again, I believe that this is 
due to fact that SOD is a strong prooxidant and provides an adequate supply of 
peroxide and EMODs. 
 
Additionally, mutations in the SOD1 gene leading to the production of a changed, 
toxic variant of CuZnSOD are linked to 20%–25% of cases of familial amyotrophic 

lateral sclerosis (Lou Gehrig’s disease), a fatal neurologic condition (Potter SZ, 
Valentine JS. The perplexing role of copper-zinc super-oxide dismutase in amyotrophic 
lateral sclerosis (Lou Gehrig’s disease). J Biol Inorg Chem8(4):373–380, 2003).  
 
In addition to providing protection from superoxide, SOD activity also results in 
production of hydrogen peroxide, a diffusible molecule far more stable than the 
superoxide anion. Hydrogen peroxide can act both by affecting gene expression as a 
signaling molecule and by continuing the ROS cascade with the formation of the 
hydroxyl radical. The latter, generated through a reaction with transition metals, such as 
Fe2+ via the Fenton/Haber-Weiss chemistry, is a highly reactive radical that to our 
knowledge cannot be destroyed enzymatically. The only protection from its dangerous 
oxidative potential is therefore left to antioxidant scavengers and metal chelators.  I 
believe that these authors have over looked the fact that 2 hydroxyl radicals can 
form one molecule of hydrogen peroxide, which may be its primary function and 
could have beneficial consequences. 
 
1.2.4.6  Catalase. 
Catalase is a homotetrameric heme-containing enzyme that catalyzes the conversion of 
hydrogen peroxide into water and oxygen with one of the highest turnover rates known in 
enzymology (~107 l/mol/sec) (Bergmeyer HU. Methods of Enzymatic Analysis: 
Weinheim (3rd ed.). Deerfield Beach, Florida: Verlag Chemie, Vol. III (3.9):p275, 1983).  
 
It is usually found in peroxisomes, cellular organelles involved in multiple metabolism 
pathways, where it functions in hydrogen peroxide detoxification (Titorenko VI, 
Rachubinski RA. The peroxisome: orchestrating important developmental decisions from 
inside the cell. J Cell Biol164(5):641–645, 2004). 
 
1.2.4.7  Glutathione Redox Cycle. 
Another ROS-consuming system in cells is the glutathione redox cycle. Glutathione 
peroxidase transfers electrons from the reduced form of glutathione to hydrogen 
peroxide with the formation of water and oxygen; subsequently, the oxidized 
glutathione disulfide is reduced by glutathione reductase. There are other selenoproteins 
with similar activity to glutathione peroxidase, such as thioredoxin reductase and 
selenoprotein P, all of which work as antioxidant enzymes. 



 
1.2.4.8  ROS Scavengers. 
Because of their widespread therapeutic use as antioxidants, endogenous ROS 
scavengers, such as vitamin C and E, should also be noted. However, when considering 
the antioxidant properties of such compounds, it should be appreciated that they are not 

enzymes, and, thus, a new molecule is needed for each superoxide anion that is 
scavenged. These vitamins are therefore poor ROS scavengers, and 
numerous other factors (such as the insufficient doses or their unknown intracellular 
concentration and activity) have been overlooked in some antioxidant clinical studies. 
 
1.2.5.0  Arteries and Veins: A Comparison of Structure and Function 
Arteries and veins, two separate components of the vascular system, are different 
structurally and functionally. Although arteries carry oxygenated blood from the heart to 
the peripheral tissues at a high pressure, therefore requiring a more elastic and muscular 
structure, veins carry blood from the tissues back to the heart at a low pressure, providing 
capacitance, therefore requiring more distensible, less muscular walls. 
 
By accommodating 70% of circulated blood, veins can influence blood volume 
distribution and trigger adaptive remodeling from the arterial side that can drive a 

sustained increase in blood pressure.  Venous smooth muscle cells appear to have a 
higher growth rate compared with their arterial counterparts, both in basal conditions and 
in response to various mitogenic stimuli. Endothelium function is also different in veins 
compared to arteries. Venous endothelium produces less prostacyclin and NO than arterial 
endothelium, and its overall response to atherogenic stimuli is different. 
 
Because larger blood vessels of both kinds have different structural and functional 
properties compared with smaller ones, intuitively it makes sense that their potential 
contribution to vascular pathogenesis and dependence on ROS is also different. 
 
The endothelium is a single layer of cells that line the inner surface of blood vessels. It 
protects tissues against the formation of blood clots in arteries and veins. If the 
endothelium is not working properly, patients are at risk for developing heart disease, 
stroke, peripheral vascular disease and venous thrombosis.  I believe that EMODs are 
responsible for the protection of the endothelium from infection and plaque 
formation. 
 
1.2.5.1  Vascular EMOD metabolism 
 
Few studies have compared basal ROS production in arteries and veins, and their 
conclusions were contradictory.  Since veins have lowered rates of atherosclerosis, I 
predict that they will have higher levels of EMOD generation. 
 
Basal superoxide production, measured through nitroblue tetrazolium reduction to 
formazan, was increased in porcine venous grafts compared to arterial grafts (Shi Y, 
Patel S, Davenpeck KL, Niculescu R, Rodriguez E, Magno MG, Ormont ML, Mannion 
JD, Zalewski A. Oxidative stress and lipid retention in vascular grafts: comparison 



between venous and arterial conduits. Circulation103(19):2408–2413, 2001).  Just as I 
had predicted.  
 
On the other hand, using lucigenin-enhanced chemiluminescence, no difference in basal 
superoxide production was found in rings from human internal mammary artery (IMA) 
compared to human saphenous vein (HSV) (Guzik TJ, Sadowski J, Kapelak B, Jopek A, 
Rudzinski P, Pillai R, Korbut R, Channon KM. Systemic regulation of vascular 
NAD(P)H oxidase activity and nox isoform expression in human arteries and veins. 
Arterioscler Thromb Vasc Biol24(9):1614–1620, 2004).  
 
Basal hydrogen peroxide production was higher in rat vena cava compared to aorta 
(Thakali K, Demel SL, Fink GD, Watts SW. Endothelin-1–induced contraction in veins is 
independent of hydrogen peroxide. Am J Physiol Heart Circ Physiol289(3):H1115–
H1122, 2005).  
 
Unpublished data showed increased superoxide production in rat veins compared to 
corresponding arteries as measured by lucigenin-enhanced chemiluminescence (inferior 
vena cava [VC] compared to thoracic aorta [Ao]: VC = 210 ± 42 % Ao; and mesenteric 
vein [MV] compared to mesenteric artery [MA]: MV = 267 ± 48 % MA). The increase in 
superoxide release, following the addition of the NOS inhibitor, L-NMMA, was greater in 
human arteries (IMA) compared to veins (HSV) (Guzik TJ, West NE, Pillai R, Taggart 
DP, Channon KM. Nitric oxide modulates superoxide release and peroxynitrite formation 
in human blood vessels. Hypertension39(6):1088–1094, 2002).  
 
This suggests a greater basal NO production in arteries that contributes to the quenching 

of superoxide in comparison to veins. Accordingly, basal peroxynitrite formation was 
higher in IMA compared to HSV.  I would have predicted more EMOD production in 
veins that in arteries because I believe that EMODs are necessary to oxidize 
microaggregates and prevent plaque formation.  Also, oxidation prepares these 
agents for excretion. 
 
Hydrogen peroxide modulates vascular tone, acting as a contraction-inducing agent 
in some vascular beds and as a relaxant in others (Thakali K, Davenport L, Fink GD, 
Watts SW. Pleiotropic effects of hydrogen peroxide in arteries and veins from 
normotensive and hypertensive rats. Hypertension47(3):482–487, 2006) (Gao YJ, Lee 
RM. Hydrogen peroxide is an endothelium-dependent contracting factor in rat renal 
artery. Br J Pharmacol146(8): 1061–1068, 2005).  
 
There is a greater contraction to H2O2 in veins compared to arteries, possibly 
reflecting a difference in K+ channel activity and Ca2+ influx (Thakali K, Davenport L, 
Fink GD, Watts SW. Pleiotropic effects of hydrogen peroxide in arteries and veins from 
normotensive and hypertensive rats. Hypertension47(3):482–487, 2006). 
 
1.2.5.2  NADPH Oxidases. 
NADPH oxidases are perhaps the best studied enzymes involved in ROS production in 
the blood vessels. Several features of Nox enzymes expressed in blood vessels, that 



distinguish them from the generic phagocyte NADPH oxidase, have made researchers in 
the field collectively term them "the vascular oxidase." Compared with 
superoxide production from the phagocyte NADPH oxidase, vascular oxidase basal 
superoxide production is significantly lower (less than 1%) (Hohler B, Holzapfel B, 
Kummer W. NADPH oxidase subunits and superoxide production in porcine pulmonary 
artery endothelial cells. Histochem Cell Biol114(1):29–37, 2000).   

  

 

 

 

 
Although phagocyte NADPH oxidase activity is primarily inducible, vascular oxidase has 
a constitutive

 

 activity that can be further increased by such agonists as angiotensin II. The 
cellular site of superoxide production by vascular oxidase also appears to be different: 
vascular oxidase–produced superoxide has been repeatedly detected intracellularly. 
Controversy still exists over the ability of vascular oxidase, in contrast to the phagocyte 
oxidase, to use NADH as an electron donor, in addition to NADPH. Finally, the 
physiological role of superoxide production by the blood vessel cells is distinct: instead of 
cytotoxic superoxide production as a defense mechanism against pathogens, ROS 
released by the vascular oxidase participate in cell signaling, consistent with their 
comparative low tissue levels. 
 
Only one research group has compared ROS sources in human arteries and veins 
(Guzik et al.). Because human saphenous veins (HSV) and internal mammary arteries 
(IMA) from heterogeneous groups of patients undergoing coronary artery bypass graft 
surgery were used, conclusions should be drawn with caution. These studies have 
shown that p22phox, p47phox, and p67phox proteins, as well as p22phox and Nox2 mRNA, are 

present and increased in abundance in the HSV compared to the IMA. Nox4 mRNA 
expression was higher in the IMA, and Nox1 mRNA had similarly low expression in both 
types of vessels. In a study employing the use of specific chemical inhibitors, NADPH 

oxidase contribution to the total basal vascular superoxide production was found to be 
more important in the case of HSV compared to the IMA (Guzik TJ, Sadowski J, Kapelak 
B, Jopek A, Rudzinski P, Pillai R, Korbut R, Channon KM. Systemic regulation of 
vascular NAD(P)H oxidase activity and nox isoform expression in human arteries and 
veins. Arterioscler Thromb Vasc Biol24(9):1614–1620, 2004). 
 
In atherosclerosis, increased arterial intracellular superoxide production is observed 
(Lassegue B, Clempus RE. Vascular NAD(P)H oxidases: specific features, expression, 
and regulation. Am J Physiol Regul Integr Comp Physiol285(2):R277–R297, 2003) 
(Madamanchi NR, Vendrov A, Runge MS. Oxidative stress and vascular disease. 
Arterioscler Thromb Vasc Biol25(1):29–38, 2005) (Harrison D, Griendling KK, 
Landmesser U, Hornig B, Drexler H. Role of oxidative stress in atherosclerosis. Am J 
Cardiol91(3A): 7A–11A, 2003).  However, that does not mean that it is causative.  
This increase could be a healing response to atherosclerosis, to oxidize and break 
down plaque and microaggregates.  I believe that the most logical observation is that 
veins have higher levels of EMODs and lower incidences of atherosclerosis. 
 
This production is further increased by treatment with NADH or NADPH, suggesting that 
vascular oxidase might be its main source. Additionally, expression of p22phox, p67phox, 
p47phox, Nox2, Nox1, and Nox4 was increased in athero-sclerotic human or animal 



arteries (Madamanchi NR, Vendrov A, Runge MS. Oxidative stress and vascular disease. 
Arterioscler Thromb Vasc Biol25(1):29–38, 2005). 
 
Atherosclerotic lesions, superoxide levels, and VSMC proliferation of apoE–/– mice were 
reduced when crossed with p47phox–/–mice, regardless of diet (Barry-Lane PA, Patterson 
C, van der Merwe M, Hu Z, Holland SM, Yeh ET, Runge MS. p47phox is required for 
atherosclerotic lesion progression in ApoE(–/–) mice. J Clin Invest108(10):1513–1522, 
2001).   
 
In hypertension, the already increased vascular super-oxide generation (arterial and 
venous) is further increased with NADH or NADPH and lowered through treatment with 
the NADPH oxidase inhibitor apocynin (Li L, Watts SW, Banes AK, Galligan JJ, Fink 
GD, Chen AF. NADPH oxidase-derived superoxide augments endothelin-1-induced 
venoconstriction in mineralocorticoid hypertension. Hypertension42(3): 316–321, 2003). 
 
1.2.5.3  Xanthine Oxidase. 
Xanthine oxidase expression in blood vessels has been difficult to prove.  Increased 
arterial XO activity was observed in atherosclerosis (Spiekermann S, Landmesser U, 
Dikalov S, Bredt M, Gamez G, Tatge H, Reepschlager N, Hornig B, Drexler H, Harrison 
DG. Electron spin resonance characterization of vascular xanthine and NAD(P)H oxidase 
activity in patients with coronary artery disease: relation to endothelium-dependent 
vasodilation. Circulation107(10):1383–1389, 2003).  
 
Renal XO activity was increased in the SHR during the development of hypertension. 
The same model exhibited higher mesenteric artery XO activity. Similarly, mesenteric 
artery XO activity was increased in the DOCA-salt model of hypertension. Treatment 
with oxypurinol, the XO inhibitor, decreased the blood pressure of SHR, whereas it had 
no effect on the blood pressure of normal rats (Nakazono K, Watanabe N, Matsuno K, 
Sasaki J, Sato T, Inoue M. Does superoxide underlie the pathogenesis of hypertension? 
Proc Natl Acad Sci U S A 88(22):10045–10048, 1991). 
 

1.2.5.4  NOS. 
The classical view on NOS isoforms is summarized in their alternative names: the 
neuronal NOS (NOS1) and the endothelial NOS (NOS3), with constitutive expression in 
neurons and endothelial cells, respectively, and the inducible NOS (NOS2), the only 
calcium-independent, transcriptionally regulated isoform found in macrophages (Schulz 
R, Rassaf T, Massion PB, Kelm M, Balligand JL. Recent advances in the understanding 
of the role of nitric oxide in cardiovascular homeostasis. Pharmacol Ther108(3):225–256, 
2005).   

No study has yet compared arteries and veins in terms of NOS isoforms expression.  

Normal endothelial function, crucial in maintaining cardiovascular homeostasis, depends 
on normal NOS functioning, among other things. A reduction in the arterial endothelium-
dependent vascular relaxation, defined as endothelial dysfunction, has been documented 



in atherosclerosis and hypertension. Besides decreased NO bioavailability, a 
malfunctioning NOS can also influence vascular function by becoming uncoupled, in 
the absence of L-arginine or BH4, with consecutive production of superoxide and 
potentially peroxynitrite. 

1.2.5.5  SODs. 
The blood vessel wall of both arteries and veins expresses all three SODs. The 
cytosolic CuZnSOD has ubiquitous and high expression throughout the vascular layers. 
Mitochondrial MnSOD is relatively less expressed compared with CuZnSOD and EC-
SOD but is also ubiquitous (Faraci FM, Didion SP. Vascular protection: superoxide 
dismutase isoforms in the vessel wall. Arterioscler Thromb Vasc Biol24(8): 1367–1373, 
2004).  I believe that since SOD is ubiquitous, as is its production of hydrogen 
peroxide, a natural conclusion is that this is the case because of the need of EMODs 
for normal cellular signaling and modulation. 

Extracellular SOD, produced largely by VSMC, is localized between arterial intima and 
media and is thought to contribute substantially to the total SOD activity in the 

vasculature. In addition to its primary and important role in scavenging extracellular 
superoxide, EC-SOD may also be expressed intracellularly and translocated to the 
nucleus via its heparin-binding domain, which could function as a nuclear localization 
signal. Rats have lower vascular EC-SOD levels, compared with other species, due to 
a change in the amino acid sequence of the protein that leads to lower heparin binding, 
potentially influencing the results of SOD expression studies performed in this species. 
No difference has been found between human arteries (IMA) and veins (HSV) in 
terms of their CuZnSOD and MnSOD protein expression and activity (Guzik TJ, 
Olszanecki R, Sadowski J, Kapelak B, Rudzinski P, Jopek A, Kawczynska A, Ryszawa 
N, Loster J, Jawien J, Czesnikiewicz-Guzik M, Channon KM, Korbut R. Superoxide 
dismutase activity and expression in human venous and arterial bypass graft vessels. J 
Physiol Pharmacol56(2):313–323, 2005).  

Arterial expression and/or activity of CuZnSOD and MnSOD increases in several 
animal models of hypertension, as well as in the initial phases of atherosclerosis, but 
is decreased in the later stages of this disease (’t Hoen PA, Van der Lans CA, 
Van Eck M, Bijsterbosch MK, Van Berkel TJ, Twisk J. Aorta of ApoE-deficient mice 
responds to atherogenic stimuli by a prelesional increase and subsequent decrease in the 
expression of antioxidant enzymes. Circ Res93(3):262–269, 2003).  I believe that the 
decreases in SOD, and consequently in peroxide, in the later phases of 
atherosclerosis is consistent with my argument that lower EMOD levels promote the 
advancement of the disease.   

A paradox is observed in redox regulation of MnSOD. Although upregulated in 
oxidative stress by redox sensitive transcription factors, the protein itself can be tyrosine 
nitrated and thus inactivated by peroxynitrite. EC-SOD–deficient mice had higher 
blood pressures in two hypertension models compared with the wild-type animals. 
Conversely, overexpression of EC-SOD improved vascular function in hypertensive 
animals (Chu Y, Iida S, Lund DD, Weiss RM, DiBona GF, Watanabe Y, Faraci FM, 



Heistad DD. Gene transfer of extracellular superoxide dismutase reduces arterial pressure 
in spontaneously hypertensive rats: role of heparin-binding domain. Circ Res92(4):461–
468, 2003).  Again, I believe that the improvement of vascular function and 
hypertension is due to increased peroxide levels produced by SOD. 

1.2.5.6  So-called oxidative stress and disease 
 
ROS involvement in cellular signaling has been reviewed extensively elsewhere (Finkel 
T, Holbrook NJ. Oxidants, oxidative stress and the biology of ageing. Nature 
408(6809):239–247, 2000).  
 
In summary, a series of major signaling pathways, such as MAPK, PI3K/Akt, NF-  B, 
ERK, JNK, p53, and the heat shock response, can potentially be activated in response to 
ROS or oxidative stress.   

The presence of increased markers of oxidative stress (peroxidized lipids, oxidized 
proteins, increased GSSG, 8-oxoguanine, DNA breaks, etc.) has been identified in 
many pathophysiological situations. However, in most cases, establishing whether 
oxidative stress plays a causal role or is a mere reflection of the effects of the disease 
process itself on cellular function has proved to be a difficult task.  

1.2.5.7  Atherosclerosis. 
ROS appear to be involved in the pathophysiological events leading to atherosclerosis, 
the underlying cause of most cardiovascular diseases. Common risk factors for 
atherosclerosis, such as hypertension, aging, smoking, diabetes, and 
hypercholesterolemia, as well as local oscillatory shear, all result in increased ROS 
(Harrison D, Griendling KK, Landmesser U, Hornig B, Drexler H. Role of oxidative 
stress in atherosclerosis. Am J Cardiol91(3A): 7A–11A, 2003).   

ROS, in turn, contribute to atherogenesis by generating oxidized and highly oxidized 
LDLs, modulating adhesion molecules and chemotactic factors expression, VSMC 
proliferation and migration, endothelial cell apoptosis, and MMP activation with 
consecutive remodeling or plaque rupture. 

Although atherosclerosis is essentially an arterial disease, when exposed to 
circulatory conditions similar to those of an artery, vein grafts can also undergo 
athero-sclerotic processes. These, together with thrombosis and intimal hyperplasia, are 

the main causes of the failure of venous grafts (vein graft disease) (Motwani JG, Topol 
EJ. Aortocoronary saphenous vein graft disease: pathogenesis, predisposition, and 
prevention. Circulation 97(9): 916–931, 1998).   I believe that this may be due to the 
surgical by pass procedure causing injury to the vein vascular wall and it now 
becomes an area of EMOD insufficiency and susceptible to plaque formation. 

1.2.5.8  Hypertension. 
A great body of evidence supports the idea that ROS are involved in the pathogenesis of 
hypertension. Increased markers of oxidative stress are found in human hypertensive 



subjects, as well as in various animal models of hypertension. Treatment of these models 
with ROS scavengers, inhibitors of NADPH oxidase, inhibitors of xanthine oxidase, SOD 
mimetics, BH4 or targeted gene delivery of SOD, or NADPH oxidase inhibitors 
normalizes blood pressure or prevents the development of hypertension and in some 
cases improves vascular and renal function. Furthermore, genetic deficiency in ROS-
generating enzymes protects some animals from experimental hypertension (Landmesser 
U, Cai H, Dikalov S, McCann L, Hwang J, Jo H, Holland SM, Harrison DG. Role of 
p47(phox) in vascular oxidative stress and hypertension caused by angiotensin II. 
Hypertension40(4):511–515, 2002), whereas lack of antioxidant capacity causes 

increased hypertension in others. Increased NADPH oxidase and XO expression or 
activity is also observed in some experimental models of hypertension.  

As much as they would like to be able to present a comprehensive diagram of all the 
differences in ROS metabolism between arteries and veins, as well as their implications 
on vascular function and disease, the knowledge today is simply insufficient to do so. 

1.2.6.0  Three mutations control hypertension 

Up to 100 million people globally have genetic mutations that keep their blood 
pressure low and lower their risk of heart and kidney disease and stroke, U.S. 
researchers reported on 4/6/08.  Their findings, published in the journal Nature Genetics, 
could help scientists design new and better blood pressure drugs. They also shed light on 
how the kidneys handle salt and in turn regulate blood pressure. 

"We found that these mutation carriers have a 60 percent reduction in their risk of 
developing hypertension," Richard Lifton, a Howard Hughes Medical Institute 
researcher at Yale University in Connecticut, said in a statement.  People with the 
mutations, in three genes, have the equivalent of their own, natural, blood-pressure-
lowering medication, he added.  "We find that about two percent of the population has 
mutations in at least one of these three genes -- although all of the identified mutations 
are individually very rare." 

Lifton's team looked at the DNA of people taking part in the Framingham Heart Study, 
an ongoing study of people living in Framingham, Massachusetts, and their children, 
which started in 1948.  The researchers homed in on three genes known to cause rare 
recessive genetic diseases marked by dangerously low blood pressure. All affect how 
the kidneys handle salt.  High salt intake is known to cause high blood pressure, which 
affects an estimated 1 billion people globally and which is a major cause of stroke, heart 
disease and kidney failure. 

But not everyone who eats too much salt develops high blood pressure. 

People with two "bad" copies of the genes, called NCCT, NKCC2 and ROMK, have 
disease such as Gitelman and Bartter syndromes with extremely low blood pressure. Two 
of the most commonly used blood pressure medications known as diuretics target the 
functions of these genes.  "We used knowledge of the spectrum of mutations that cause 
Gitelman and Bartter syndromes to sort among the hundreds of sequence changes we 



observed," Lifton said. "The results show that nearly 2 percent of the (Framingham 
group) has a defective copy of one of these three genes," Lifton said. "Unlike patients 
with Gitelman and Bartter syndromes, these subjects have only one defective copy, not 
two." 

These variations appear to keep blood pressure in check well into middle age, when most 
Americans begin to develop high blood pressure, defined as 140/90 or higher.  Lifton's 
team has found other genetic mutations affecting blood pressure. 

"Because these three genes comprise only a small fraction of those in which mutations 
are known to alter blood pressure, and because there are likely to be many more genes yet 
to be discovered, it seems probable that the combined effects of rare independent 
mutations will account for a substantial fraction of blood pressure variation in the 
population," they concluded. 

As with many other diseases previously attributed to EMODs, their true cause is in 
the genome and not as a result of oxygen radicals.  

1.2.6.1 Novel sources of EMODs in humans 
 
 
 

Following fertilization, the embryo/fetus complex 
performs unbelievably complex sequences of synthesis. 

The developing cellular, molecular and atomic components 
seemingly operate with a level of precision, 

which supercedes perfunctory processes and  
exhibits an acumen consistent with wisdom and intelligence.  
Thus, the astuteness of molecules and atoms is established. 

Yet, like our brains,  
they do not always make the right decision or  

chose the correct course of action. 
C’est la vie. 

R. M. Howes, M.D., Ph.D. 
7/06/07 

 
 
 

Reactive oxygen species (ROS) play a pivotal role in many physiological processes 
including host defense, hormone biosynthesis, fertilization and cellular 
signaling. Altered production of ROS has been implicated in the development of 
immunodeficiency, hypothyroidism and cardiovascular pathologies. In 
the last few years, several enzymes were identified at the molecular level, which are now 



thought to be responsible for ROS production observed in diverse tissues (NADPH 
oxidases: New kids on the block. M. Geiszt. Cardiovasc Res, July 15, 2006; 71(2): 289 - 
299). 

For a long time, superoxide generation by an NADPH oxidase was considered as an 
oddity only found in professional phagocytes. Over the last years, six homologs of the 
cytochrome subunit of the phagocyte NADPH oxidase were found: NOX1, NOX3, 
NOX4, NOX5, DUOX1, and DUOX2. Together with the phagocyte NADPH oxidase 

itself (NOX2/gp91phox), the homologs are now referred to as the NOX family of NADPH 
oxidases. These enzymes share the capacity to transport electrons across the plasma 
membrane and to generate superoxide and other downstream reactive oxygen 
species (ROS). Activation mechanisms and tissue distribution of the different members of 
the family are markedly different.  

The physiological functions of NOX family enzymes include host defense, 
posttranlational processing of proteins, cellular signaling, regulation of 
gene expression, and cell differentiation. NOX enzymes also contribute to a 
wide range of pathological processes. NOX deficiency may lead to 
immunosuppresion, lack of otoconogenesis, or hypothyroidism. Increased 
NOX activity also allegedly contributes to a large number or pathologies, in particular 
cardiovascular diseases and neurodegeneration (The NOX Family of ROS-Generating 
NADPH Oxidases: Physiology and Pathophysiology. Karen Bedard and Karl-Heinz 
Krause. Physiol. Rev. 87: 245-313, 2007) 

There are several sources of reactive oxygen in the human body. Production of 
superoxide in mitochondria is a by-product of the function of the respiratory chain 
(Balaban RS, Nemoto S, Finkel T. (2005) Mitochondria, Oxidants, and aging. Cell 
120:483–495).  

The first known example of regulated generation of reactive oxygen species (ROS) in 

mammalian cells was through the respiratory burst of phagocytic cells by 
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase. This 
enzyme complex uses electrons derived from intracellular NADPH to 
generate and other ROS-providing host defense against superoxide anion, 
which is further processed to form hydrogen peroxide bacterial and fungal pathogens 
(Quinn MT and Gauss KA. (2004) Structure and regulation of the neutrophil respiratory 
burst oxidase: comparison with nonphagocyte oxidases. J Leukoc Biol 76:760–781).  I 
believe that this is a classic example of the primary source of energy for the body, 
i.e., reducing equivalents via NADPH, and its associated oxidase, i.e., NADPH 
oxidase, designed for the generation of EMODS to protect the overall organism.  
There can be no question that EMODS are designed for beneficial purposes and are 
not the result of cellular accidents or flaws of evolution and nature. 

The essential role of the phagocytic oxidase in host defense is well illustrated by the 
serious phenotype of chronic granulomatous disease (CGD), in which susceptibility 



to infections develops in the absence of a functional phagocytic oxidase (Geiszt M, 
Kapus A, Ligeti E. (2001) Chronic granulomatous disease: more than the lack of 
superoxide? J Leukoc Biol 69:191–196).  

Non-mitochondrial production of ROS was detected in various cell types, showing that 
intentional generation of ROS is a general feature of many tissues, rather 
than a unique function of phagocytes. Homology searches in human genome databases 
resulted in the discovery of six novel NADPH oxidase enzymes: Nox1, Nox3, Nox4, 
Nox5, Duox1 and Duox2.  

They all have at least partially similar structure and generate ROS in response to 

various stimuli. The physiological function of these proteins and their potential role in the 
pathogenesis of human diseases is currently under intensive investigation (Novel sources 
of reactive oxygen species in the human body. Anna Orient et al. Nephrology Dialysis 
Transplantation 2007 22(5):1281-1288).  

1.2.6.2  Functional role of Nox and Duox EMOD producers 

Some of the following was abstracted, excerpted or modified from:  Novel sources of 
reactive oxygen species in the human body. Anna Orient et al. Nephrology Dialysis 
Transplantation 2007 22(5):1281-1288.  

While Nox2 has a key role in antimicrobial host defense, the function of other 
Nox/Duox isoforms is far less understood. Many observations indicate that Nox1 could 
also have a role in host defense. The colon, where Nox1 is highly expressed, is 
inhabited by a variety of microorganisms and must therefore maintain an effective 
epithelial barrier against invasion of the host. In guinea pig gastric cells, Helicobacter 
pylori lipopolysacharides (LPS) induce elevated Nox1 and thereby produce higher ROS 
levels through toll-like receptor 4 (TLR) pathways. Although colon epithelial cells lack 
this receptor, and do not react to LPS, Nox1-mediated ROS production in response to 
flagellin from Salmonella enteritides is mediated through TLR5 in these cells. I 
believe that my work with Dr. Steele was the first known system for the generation 
of an EMOD in mammals, exclusive of vision. 

Viral introduction of Nox1 into Nox2-lacking CGD neutrophils can partly replace Nox2, 
and thereby partially rescue the deficiency in superoxide production, suggesting a role in 
innate immunity (Geiszt M, Lekstrom K, Brenner S, et al. (2003) NAD(P)H oxidase 1, a 
product of differentiated colon epithelial cells, can partially replace glycoprotein 91phox 
in the regulated production of superoxide by phagocytes. J Immunol 171:299–306)[17]. 
Nox1 expression in different colon epithelial cell lines is effectively up-regulated by the 
inflammatory cytokine IFN-gamma [17,41], which further supports a role for Nox1 in 
mucosal host defense.  

Originally Nox1 was described as a ROS source that stimulates mitogenesis when over-
expressed in NIH 3T3 cells. Experiments performed on other cell lines did 
not support this early claim and found no effect of elevated Nox1 

http://ndt.oxfordjournals.org/cgi/content/full/22/5/1281
http://ndt.oxfordjournals.org/cgi/content/full/22/5/1281
http://ndt.oxfordjournals.org/cgi/content/full/22/5/1281


expression on mitogenesis (Geiszt M, Lekstrom K, Brenner S, et al. (2003) 
NAD(P)H oxidase 1, a product of differentiated colon epithelial cells, can partially 
replace glycoprotein 91phox in the regulated production of superoxide by phagocytes. J 
Immunol 171:299–306).  

Furthermore, studies on Nox1 expression in colon cancer samples found no 
positive correlation between Nox1 expression levels and proliferation or 
malignancy (Geiszt M, Lekstrom K, Brenner S, et al. (2003) NAD(P)H oxidase 1, a 
product of differentiated colon epithelial cells, can partially replace glycoprotein 91phox 
in the regulated production of superoxide by phagocytes. J Immunol 171:299–306) 
(Fukuyama M, Rokutan K, Sano T, Miyake H, Shimada M, Tashiro S. (2005) 
Overexpression of a novel superoxide-producing enzyme, NADPH oxidase 1, in 
adenoma and well differentiated adenocarcinoma of the human colon. Cancer Lett 
221:97–104) (Szanto I, Rubbia-Brandt L, Kiss P, et al. (2005) Expression of NOX1, a 
superoxide-generating NADPH oxidase, in colon cancer and inflammatory bowel 
disease. J Pathol 207:164–176).  

In two studies, the more differentiated colon tumors were found to express higher 
Nox1 levels (Geiszt M, Lekstrom K, Brenner S, et al. (2003) NAD(P)H oxidase 1, a 
product of differentiated colon epithelial cells, can partially replace glycoprotein 91phox 
in the regulated production of superoxide by phagocytes. J Immunol 171:299–306) 
(Fukuyama M, Rokutan K, Sano T, Miyake H, Shimada M, Tashiro S. (2005) 
Overexpression of a novel superoxide-producing enzyme, NADPH oxidase 1, in 
adenoma and well differentiated adenocarcinoma of the human colon. Cancer Lett 
221:97–104).  I believe that this indicates that EMODs are not related to degree of 
mutagenicity. 

On the other hand, Lim et al. found increased Nox1 expression and hydrogen 
peroxide production in prostate cancer samples (Lim SD, Sun C, Lambeth JD, et al. 
(2005) Increased Nox1 and hydrogen peroxide in prostate cancer. Prostate 62:200–207).  
I believe that this is a natural response to kill the neoplastic cells. 

Another intensively studied area of Nox1 function is its role in the vascular smooth 
muscle cells. Many agonists such as platelet-derived growth factor (PDGF), angiotensin 
II, prostaglandin F2  up-regulate Nox1 expression, whereas suppression of Nox1 by 
antisense techniques inhibits superoxide production in cultured smooth muscle cells. 
Overproduction of ROS by Nox1 could lead to cell proliferation, hypertrophy, and, partly 
through degradation of NO, to increased blood pressure. Recently, three studies using 
transgenic animals suggested that Nox1 might be involved in the development of 

angiotensin II-induced hypertension (Matsuno K, Yamada H, Iwata K, et al. (2005) 
Nox1 is involved in angiotensin II-mediated hypertension: a study in Nox1-deficient 
mice. Circulation 112:2677–2685) (Dikalova A, Clempus R, Lassegue B, et al. (2005) 
Nox1 overexpression potentiates angiotensin II-induced hypertension and vascular 
smooth muscle hypertrophy in transgenic mice. Circulation 112:2668–2676) (Gavazzi G, 
Banfi B, Deffert C, et al. (2006) Decreased blood pressure in NOX1-deficient mice. 
FEBS Lett 580:497–504).  



Nox3 was recently shown to have a role in otoconia formation in the utricle and saccule 
of the inner ear (Paffenholz R, Bergstrom RA, Pasutto F, et al. (2004) Vestibular defects 
in head-tilt mice result from mutations in Nox3, encoding an NADPH oxidase. Genes 
Dev 18:486–491). Nox3-deficient mice are characterized by impaired balance and the 
lack of otoconia in the inner ear. The exclusive expression in inner ear (sensory epithelia 
and ganglia) corresponds with this observation.  

Nox5 mRNA is expressed in testis, in pachytene spermatocytes, and in spleen, where 
it localizes to the B-cell rich mantle zone, surrounding germinal centers, and to 
periarterial lymphoid sheets. Interestingly, lymphocytes from circulating blood are 
Nox5 negative. In lymphoid tissues, the physiological role of this calcium-regulated ROS 
production is unclear. Since host defense can be excluded, function in redox regulation of 
signaling pathways is the most likely explanation. In spermatocytes, a function in 
oxidative changes associated with sperm capacitation or the acrosomal reaction is 
suggested.  

Duox1 and 2 were cloned from thyroid glands and were named at first as thyroid oxidases 
(thOX or tox). In the thyroid gland, the enzymes are used in iodide organification during 

thyroid hormone biosynthesis. The significance of two highly homologous Duox enzymes 
in the thyroid gland is not yet known. Patients with Duox2 deficiency have congenital 
hypothyroidism, which illustrates the essential role of Duox2 in thyroxine synthesis 

(Moreno JC, Bikker H, Kempers MJ, et al. (2002) Inactivating mutations in the gene for 
thyroid oxidase 2 (THOX2) and congenital hypothyroidism. N Engl J Med 347:95–102).  

Duox enzymes are also present in other locations in the human body, where a role in 
hormone biosynthesis is not likely. It was proposed that in these tissues, Duox proteins 
would represent the missing, ROS-producing arm of the lactoperoxidase host 
defense system (Geiszt M, Witta J, Baffi J, Lekstrom K, Leto TL. (2003) Dual oxidases 
represent novel hydrogen peroxide sources supporting mucosal surface host defense. 
FASEB J 17:1502–1504). 

Nox 4 was first described as a renal-specific oxidase (Shiose A, Kuroda J, Tsuruya K, et 
al. (2001) A novel superoxide-producing NAD(P)H oxidase in kidney. J Biol Chem 
276:1417–1423), and was thus originally named Renox. In situ hybridization experiments 

localized Nox4 mRNA expression to renal cortex in murine kidney, while the medulla 
showed much lower expression. Within the cortex, epithelial cells of proximal tubules 
express Nox4. Interestingly, in human kidney they detected Nox4 mRNA in medullary 
collecting ducts and also in epithelium on renal papillas.   
 
Although proline hydroxylases are now considered the primary sensors of oxygen 
and regulators of hypoxia-inducible factor-1alpha (HIF) levels, recent observations 
suggest that Nox4 can also regulate HIF through ROS production (Maranchie JK and 
Zhan Y. (2005) Nox4 is critical for hypoxia-inducible factor 2-alpha transcriptional 
activity in von Hippel-Lindau-deficient renal cell carcinoma. Cancer Res 65:9190–9193).  
Furthermore, there are transcription factors such as GATA-2 that are H2O2-sensitive 
targets, that regulate EPO expression in a HIF-independent manner. Finally, it was shown 



in recent studies that superoxide dismutase 3, which is also present in the proximal 
tubules, has a role in the regulation of EPO production (Suliman HB, Ali M, 
Piantadosi CA. (2004) Superoxide dismutase-3 promotes full expression of the EPO 
response to hypoxia. Blood 104:43–50). 
 
It is also possible that Nox4, similar to its phagocytic counterpart, has a role in host 
defense.  It has been known for years that the urine contains hydrogen peroxide in 
relatively high concentrations (Varma SD and Devamanoharan PS. (1990) Excretion of 
hydrogen peroxide in human urine. Free Radic Res Commun 8:73–78). Note: this 
reference does not check out.  
 
Nox4 was suggested to participate in insulin receptor signal transduction. In many cells, 
growth factors and insulin stimulate low-level hydrogen peroxide production. 
Hydrogen peroxide then inhibits tyrosine phosphatases, thus enhancing the tyrosine 

phosphorylation induced by the receptor agonists. Recently, it was suggested that Nox4 
is responsible for insulin-induced H2O2 production in 3T3-L1 adipocytes (Etoh T, 
Inoguchi T, Kakimoto M, et al. (2003) Increased expression of NAD(P)H oxidase 
subunits, NOX4 and p22phox, in the kidney of streptozotocin-induced diabetic rats and 
its reversibity by interventive insulin treatment. Diabetologia 46:1428–1437). 
 
Nox4 may have important roles in the cardiovascular system. According to expression 
studies performed on vascular endothelial cells, Nox4 seems to be the dominant ROS 
source in endothelial cells (Kuroda J, Nakagawa K, Yamasaki T, et al. (2005) The 
superoxide-producing NAD(P)H oxidase Nox4 in the nucleus of human vascular 
endothelial cells. Genes Cells 10:1139–1151).  
 
This localization is particularly exciting, because it would mean that Nox4-produced 
superoxide could effectively antagonize the effect of NO produced in the same cell type. 
A recent publication has located endogenous Nox4 within the nucleus of human 
umbilical endothelial cells (HUVECs) (Kuroda J, Nakagawa K, Yamasaki T, et al. 
(2005) The superoxide-producing NAD(P)H oxidase Nox4 in the nucleus of human 
vascular endothelial cells. Genes Cells 10:1139–1151).  
 
The nuclear fraction of HUVEC cells produced superoxide in a NADPH-dependent way. 
Earlier reports already pointed to the nucleus as an intracellular site of ROS production in 
endothelial cells, and NADPH oxidase components were detected in nuclear fraction of 
endothelial cells and B lymphocytes (Li JM and Shah AM. (2002) Intracellular 
localization and preassembly of the NADPH oxidase complex in cultured endothelial 
cells. J Biol Chem 277:19952–19960) (Grandvaux N, Grizot S, Vignais PV, Dagher MC. 
(1999) The Ku70 autoantigen interacts with p40phox in B lymphocytes. J Cell Sci 112:Pt 
4503–513). The nuclear localization of Nox4 suggests that it could convey redox 
signals altering gene expression. 
 

Nox4 is also present in the heart, where cardiac fibroblasts express the enzyme. 
Transforming growth factor (TGF)-ß stimulates the conversion of fibroblasts into 



myofibroblasts in a ROS-dependent manner. Nox4 is the likely source of oxidants in this 
process, since down-regulation of Nox4 expression by siRNA inhibited both ROS-
production and the TGF-ß induced expression of smooth muscle actin. The involvement 

of Nox4 in TGF-ß signalling was recently described in human pulmonary artery 
smooth muscle cells and also in HUVECs (Cucoranu I, Clempus R, Dikalova A, et al. 
(2005) NAD(P)H oxidase 4 mediates transforming growth factor-beta1-induced 
differentiation of cardiac fibroblasts into myofibroblasts. Circ Res 97:900–907) (Sturrock 
A, Cahill B, Norman K, et al. (2006) Transforming growth factor {beta}1 induces nox 4 
nad(p)h oxidase and reactive oxygen species-dependent proliferation in human 
pulmonary artery smooth muscle cells. Am J Physiol Lung Cell Mol Physiol 290:L661–
L673).  

Nox4 is also expressed in cells of haematopoietic origin. CD34+ cells exhibit 
significant extra-mitochondrial oxygen consumption, which might be explained by the 
activity of Nox2 and Nox4, which are both detected by reverse transcriptase PCR. The 
significance of Nox2 expression in haematopoietic stem cells is unclear, since no defect in 
blood cell formation was described in Nox2-deficient CGD patients or in animal models 
of CGD.  
 
Another extra-renal site of Nox4 expression is the murine osteoclast, where Nox2 is also 
detected (Yang S, Madyastha P, Bingel S, Ries W, Key L. (2001) A new superoxide-
generating oxidase in murine osteoclasts. J Biol Chem 276:5452–5458). 
 
The expression of these enzymes at sites where ROS-production has not been studied 
before expands our knowledge of the importance of ROS signalling. The exact function 
of the non-phagocytic Nox/Duox proteins remains to be explored; however, it now 
seems likely that different epithelial cells, particularly along mucosal 

surfaces, use these proteins—especially Nox1, Duox1 and 2—for ROS-
based host defense. High-level ROS production at specific sites by non-phagocytic 
oxidases suggests that they have additional unique functions, such as hormone 
biosynthesis in thyrocytes (Duox2) or formation of otoconia (Nox3). 
 
I believe that the wide range of cells containing EMOD producing enzymes 
illustrates their essential role in the homeostatic functioning of the living/breathing 
cell. 
 
1.2.6.3  EMOD level determines brain temperature regulation/fever  
 
Phagocytic cells contain NADPH oxidase that they use for host defense by catalyzing 
the production of superoxide. Bacterial lipopolysaccharide (LPS) has been 
found to stimulate NADPH oxidase in mobile and sessile macrophages 
and microglia. It also evokes fever in homeothermic animals and men, a reaction 
mediated by central nervous system (CNS) activities.  I believe that this argues for the 
importance of fever in fighting pathogens, and possibly cancer.  Hyperthermia 
increases EMOD levels also and is protective. 



 
The purpose of the present study was to determine whether reactive oxygen species are 
involved in LPS-induced fever. In rabbits they found that plasma hydroperoxide levels 
increased and catalase activity decreased 15 min after LPS injection and that fever 
started with a similar latency, while plasma levels of tumor necrosis factor-alpha 
(TNFalpha) increased 30 min after the injection. Treating rabbits with methylene blue or 
aspirin did not affect TNFalpha secretion but prevented the LPS-induced rise of 
hydroperoxides and the inactivation of catalase, abolishing fever. Incubation of human 
blood with nitroblue tetrazolium and LPS increased the number of formazan-positive 
neutrophils from 10 +/- 5 to 52 +/- 9%. Adding LPS to blood preincubated with either 
methylene blue, alpha-lipoic acid, or aspirin respectively decreased the number of 
formazan-positive neutrophils to 0.9 +/- 0.8, 0.8 +/- 0.9, or 2.0 +/- 0.9%, disclosing the 
antioxidant capacity of these drugs. Systemic application of 80 mg/kg alpha-lipoic acid 
elicited heat-loss reactions within 15 min and decreased core temperature by 2.2 +/- 0.3 
degrees C within 2 h. Alpha-lipoic acid applied 45 min after LPS induced antipyresis 
within 15 min, and this antipyresis was associated with a decrease of elevated 
hydroperoxide levels and restoration of catalase activity. Their results show that fever is 
prevented when the production of reactive oxygen species is blocked 
and that an elevated body temperature returns to normal when oxygen 
radical production decreases. Estimation of plasma dihydrolipoic acid (DHLA) 
levels following injection of 80 mg/kg alpha-lipoic acid in afebrile and febrile rabbits 
revealed that this acid is converted into DHLA, which in afebrile rabbits increased the 
plasma DHLA concentration from 2.22 +/- 0.26 microg/ml to peak values of 8.60 +/- 
2.28 microg/ml DHLA within 30 min and which in febrile rabbits increased it from 0.84 
+/- 0.22 microg/ml to peak values of 3.90 +/- 0.94 microg/ml within 15 min. Methylene 
blue, aspirin, and alpha-lipoic acid, which all cross the blood-brain barrier, seem to act 
not only on peripheral tissues but also on the CNS. Brain structures that have been shown 
to sense oxidative stress are vicinal thiol groups attached to the NMDA subtype of 
glutamate receptor. Their reduction by thiol-reducing drugs like dithiothreitol or DHLA 
has been found to increase glutamate-mediated neuronal excitability, while the opposite 
effect has been observed after their oxidation. Because we found that systemic 
application of alpha-lipoic acid in the afebrile state elicits hypothermia and in the febrile 
state is antipyretic, we think this type of NMDA receptor is involved in thermoregulation 
and that oxidation of its thiol groups induces fever. It appears that temperature 
homeostasis can be maintained only if the redox homeostasis of the 
brain is guaranteed (Inhibition of oxygen radical formation by methylene blue, 
aspirin, or alpha-lipo.  W Riedel, U Lang, U Oetjen, U Schlapp, M Shibata. Mol Cell 
Biochem (2003) 247: 83-94).  This indicates that antioxidants block the natural 
protective effect of fever. 
 
1.2.6.4  EMOD producing methylene blue fights off Alzheimer’s  

For the first time, an experimental drug shows promise for halting the progression of 
Alzheimer's disease by taking a new approach: breaking up the protein tangles that clog 
victims' brains.  The encouraging results from the drug called Rember, reported 7/29/08 

http://www.ionchannels.org/showcitationlist.php?surname=Riedel&initials=W
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at a medical conference in Chicago, electrified a field battered by recent setbacks. The 
drug was developed by Singapore-based TauRx Therapeutics. 

The main chemical in Rember is available now in a different formulation in a prescription 
drug sometimes used since the 1930s for chronic bladder infections — methylene blue. 
However, it predates the federal Food and Drug Administration and was never fully 
studied for safety and effectiveness, and not in the form used in the Alzheimer's study, 
Wischik and other doctors cautioned. 

1.2.6.5  Methylene blue generates EMOD hydrogen peroxide and hydroxyl radical 

Using ESR they have demonstrated the formation of the ascorbate free radical from 
sodium ascorbate, methylene blue and light. In oxygen uptake experiments they have 
observed the production of hydrogen peroxide while spin trapping experiments 
have revealed the iron catalyzed production of the hydroxyl free radical in this 
system. The presence of this highly reactive radical suggests that it could be the radical 
that initiates free radical damage in this photodynamic system (Hydrogen peroxide and 
hydroxyl radical formation by methylene blue in the presence of ascorbic acid.  
G. R. Buettner, Th. P. Doherty and Th. D. Bannister. Radiation and Environmental 
Biophysics.  Volume 23, Number 4 / December, 1984. pg. 235-243).  I believe that this 
is a crucial observation in that methylene blue is a key ingredient in a new drug to 
treat Alzheimer’s and it is doing so via increasing EMOD levels. 

1.2.6.6  EMODS and cellular regulation 
 
Alternative roles of ROS as signaling molecules have been found in all plants and 
animals. For example, alveolar macrophages produce that act as second 
messengers, in addition to having a bactericidal role. The nonradical ROS H2O2 
signals inflammation in mammalian lungs, apoptosis in different animal tissues, and 
is also involved in stomatal closure, root development, gene expression, and defense 
responses of plants.  
 
Antioxidant adaptations in some water-breathing animals involve the excretion of H2O2 
by diffusion through gas-exchange structures. The fine balance among a multitude of 
factors and cells makes the difference between damage and protection in animals and 
plants. Knowledge about the mechanisms and consequences of these molecular 
interactions is now starting to be integrated (Implications of dealing with airborne 
substances and reactive oxygen species: what mammalian lungs, animals, and plants have 
to say? Elisabeth Spinelli Oliveira et al. Integrative and Comparative Biology 2007 
47(4):578-591).  And I am the one intergrating them. 
 
Although the germicide role of H2O2 released during inflammation is well 
established, a hypothetical regulatory function, either promoting or inhibiting 
inflammation, is still controversial (A Quantitative Study of NF- B Activation by 
H2O2: Relevance in Inflammation and Synergy with TNF- 1. Virgínia de Oliveira-
Marques et al. The Journal of Immunology, 2007, 178: 3893-3902). 
 

http://www.springerlink.com/content/100453/?p=3a39719112164eb68390d1fdd3f75096&pi=0
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1.2.6.7  Cellular regulation by hydrogen peroxide 
 
Peroxide was discovered in 1818 by the French chemist Louis-Jacques Thenard (Shampo 
MA, Kyle RA. Louis Jacques Thenard. J Am Med Assoc. 1982; 248: 676).    
 

H2O2 has a wide array of uses including as an antiseptic, a bleaching agent, in food 
processing, and as a fuel for rockets (http://en.wikipedia.org/wiki/Hydrogen_peroxide).   

Increasing evidence suggests that H2O2 may play diverse and important roles in vascular 
biology. Water and H2O2 share many physical features. The addition of a second oxygen 
atom to water (described as "oxygenated water" by Thenard), however, results in a 
molecule with many distinct chemical and biological properties. Similar to nitric oxide 
(NO), H2O2 is chemically more stable than superoxide and other ROS.  H2O2 is also 
relatively cell permeable, although some movement through cell membranes may occur 
via aquaporins. Both short- and long-term effects of H2O2 on vascular cells continue to be 
explored. For example, H2O2 produces relaxation of many blood vessels, but can produce 

vasoconstriction depending on the species, the segment of the vasculature, and the 
concentration of H2O2.  I believe that concentration is of key importance regarding 
the response of chemical, cellular, tissue and organ reactions to EMODs. 

1.2.6.8  Vasodilation 

Vasodilation in response to H2O2 can occur indirectly through endothelium-dependent 
relaxation or via direct effects on vascular muscle, possibly including formation of 
calcium sparks.  H2O2 can mediate vascular responses to varied stimuli including 

endothelium-dependent agonists, increases in blood flow, and arachidonic acid. H2O2 
may contribute to increases in myogenic tone with increases in blood pressure. In 
addition to promoting the formation of other vasodilators, H2O2 may function as one of a 
family of endothelium-derived hyperpolarizing factors.  Along with effects on vascular 
tone, H2O2 can increase permeability of endothelium.   

Regarding more long-term effects, H2O2 has the potential to alter expression of many 
genes, including some thought to play a major role in vascular biology. For example, 
H2O2 activates transcription factors including NF- B, stimulates expression of 
endothelial and inducible isoforms of NO synthase (eNOS and iNOS, respectively) 
and components of NAD(P)H oxidase. Substantial evidence suggests that H2O2 
functions as a mediator of vascular growth contributing to vascular hypertrophy during 
hypertension.   

Several question arise from this work. The concentration of H2O2 needed to produce these 
effects (100 µmol/L) was relatively high and may be supraphysiological. Studies of ROS 

are sometimes criticized for the use of high levels of H2O2. In addition, the extracellular 
application of exogenous H2O2

 may not completely mimic effects of endogenously 
produced H2O2

 because of the compartmentalization of ROS effects. Thus, a key 



unanswered question is whether levels of endogenously formed H2O2 are sufficient to 
produce similar effects on the vasculature. 
 
Some of the following was abstracted, modified or excerpted from:  Cellular Regulation 
by Hydrogen Peroxide. Sue Goo Rhee et al. J Am Soc Nephrol 14:S211-S215, 2003. 
 
Partial reduction of O2 during respiration produces superoxide anion (O2

·-), which is 
spontaneously or enzymatically dismutated to H2O2. Many cell types produce low 

levels of O2
·- and H2O2 in response to a variety of extracellular stimuli, 

including cytokines (TGF- 1, TNF- , and IL), peptide growth factors (PDGF; EGF, 
VEGF, bFGF, and insulin), the agonists of heterotrimeric G protein–coupled 
receptors (GPCR; angiotensin II, thrombin, lysophosphatidic acid, sphingosine 1-
phosphate, histamine, and bradykinin), and shear stress (Rhee SG, Bae YS, Lee SR, 
Kwon J: Hydrogen peroxide: A key messenger that modulates protein phosphorylation 
through cysteine oxidation. Science’s stke. Available at: 
www.stke.sciencemag.org/cgi/content/full/OC_sigtrans; 2000/53/pe1).  This response to 
16 factors illustrates the complex involvement of EMOD interactions. 
 
The addition of exogenous H2O2 or the intracellular production in response to receptor 
stimulation affects the function of various proteins, including protein kinases, protein 
phosphatases, transcription factors, phospholipases, ion channels, and G proteins (Rhee 
SG, Bae YS, Lee SR, Kwon J: Hydrogen peroxide: A key messenger that modulates 
protein phosphorylation through cysteine oxidation. Science’s stke. Available at: 
www.stke.sciencemag.org/cgi/content/full/OC_sigtrans; 2000/53/pe1) 
 
Given that H2O2 is a small, diffusible, and ubiquitous molecule that can be 
synthesized and destroyed rapidly in response to external stimuli, it meets all of the 
important criteria for an intracellular messenger, and H2O2 is now recognized as a 
ubiquitous intracellular messenger under subtoxic conditions (Rhee SG, Bae YS, Lee 
SR, Kwon J: Hydrogen peroxide: A key messenger that modulates protein 
phosphorylation through cysteine oxidation. Science’s stke. Available at: 
www.stke.sciencemag.org/cgi/content/full/OC_sigtrans; 2000/53/pe1) (Rhee SG: Redox 
signaling: Hydrogen peroxide as intracellular messenger. Exp Mol Med 31: 53–59, 1999) 
(Finkel T: Oxygen radicals and signaling. Curr Opin Cell Biol 10: 248–253, 1998) 
(Suzuki YJ, Ford GD: Redox regulation of signal transduction in cardiac and smooth 
muscle. J Mol Cell Cardiol 31: 345–353, 1999).  
 
Understandably, there has long been skepticism about the messenger role of H2O2, partly 
because it seemed illogical for nature to use a dangerous molecule such as H2O2 for such 

a crucial function. (RMH Note:  Even simpler species, such as protons, are being 
recognized as signaling agents.)  However, if one considers that nitric oxide (NO), 
itself a reactive radical, is easily converted to the more reactive OONO while also 
functioning as an established intracellular messenger, then the proposed H2O2 function is 

not implausible. (RMH Note:  Nitric oxide producing medications, such as Viagra, 
has been given to 23 million patients on a daily basis and it is much more reactive 
than peroxide.). 



 
 
HYDROGEN PEROXIDE 
 
1.2.7.0  Hydrogen peroxide and the peroxisome 
 
Some of the following was abstracted, excerpted or modified from:  The peroxisome: 
orchestrating important developmental decisions from inside the cell. Vladimir I. 
Titorenko and Richard A. Rachubinski. JCB, Volume 164, Number 5, 641-645.  
 
A growing body of evidence supports the view that the peroxisome, an organelle known 
for its role in lipid metabolism and hydrogen peroxide detoxification, is actively 

involved in orchestrating important developmental decisions from inside the cell. In 
humans, defects either in the biogenesis of the peroxisome or in its metabolic 
functions result in developmental disorders known as the peroxisomal disorders. 
These disorders are divided into two groups, the peroxisome biogenesis disorders (PBDs) 
and the peroxisome single enzyme disorders. The PBDs are due to autosomal recessive 
mutations in any of 12 PEX genes encoding proteins called peroxins. A prominent feature 
of the Zellweger spectrum of the PBDs is a global developmental delay caused by the 
incomplete migration and differentiation of neuroblasts during psychomotor development, 
defects in the development of central white matter, and post-developmental enhanced 
apoptosis of neurons. Another distinct form of PBD, rhizomelic chondrodysplasia 

punctata type 1, is characterized by abnormal psychomotor development and mental 
retardation.  
 
Peroxisomes in plants produce and release reactive oxygen species (ROS), namely 

hydrogen peroxide and superoxide radicals, and nitric oxide (NO). These signaling 
molecules are potent cellular messengers that function in intra- and intercellular signaling 
and regulate the transcription of peroxisome- and stress-related genes. Recent data from 
Arabidopsis thaliana have suggested two targets for ROS and NO in the nucleus, the 
DET1 and COP1 proteins. These nuclear proteins are global repressors of a distinct 
developmental program called photomorphogenesis. They negatively regulate the 
transcription of hundreds of light-responsive genes involved not only in various 
peroxisomal functions but also in light signaling, photosynthesis, and the stress response. 
The DET1- and COP1-regulated transcription of these photomorphogenesis-related genes 
is orchestrated by signaling lipids, including ROS and NO, that are generated and released 
to the cytosol by plant peroxisomes.  
 

Peroxisomes carry out the initial steps of a limited set of biosynthetic and 
degradative pathways for a group of compounds that play pivotal roles in 
developmental and differentiation programs. In mammalian cells, the first two steps of 
the biosynthesis of plasmalogens, which are especially abundant in nervous tissue and 
central white matter, occur in peroxisomes. Depletion of plasmalogens due to peroxisome 

dysfunction causes many of the features of PBD pathogenesis, including the incomplete 
migration and differentiation of neuroblasts and defects in the development of central 
white matter.  



Impaired peroxisomal oxidation or transport of fatty acids, including very long-chain 
fatty acids, phytanic acid, and pristanic acid, in Zellweger patients leads to an 
accumulation of these toxic compounds outside the peroxisome and results in global 

developmental delay and severe neurological dysfunction. If not oxidized in peroxisomes, 
these abnormal fatty acids are incorporated into the membranes of neurons, perturbing 
their microenvironment and causing defects in their migration and differentiation, along 
with other developmental defects characteristic of PBD pathogenesis.  

It appears that only a limited set of metabolic pathways and metabolite transporters 
operating in peroxisomes, rather than all the basic metabolic functions of these 
organelles, is required for certain developmental programs. 
 
The life cycles of two human viruses, human immunodeficiency virus (HIV) and 
rotavirus (RV), include the sorting of some of their proteins to the peroxisome. In the 
cytosol, the HIV Nef protein, which lacks a peroxisomal targeting signal (PTS), forms a 
complex with a PTS-containing peroxisomal matrix protein, thioesterase II, and is 
imported into the peroxisome by a "piggy-back" mechanism. Remarkably, the 
peroxisomal sorting of HIV Nef is mandatory for the life cycle of the HIV virus and 
is essential for the development and manifestation of AIDS. The virion surface protein 
VP4 of another deadly human virus, RV, is targeted to the peroxisome by its own PTS. 
Because lipids are required for the infectivity of HIV and RV, specifically for 
myristylation of Nef and VP4, it has been suggested that lipid modification of these viral 
proteins inside the peroxisome is an essential step in the development of both viruses 
(Cohen, G.B., V.S. Rangan, B.K. Chen, S. Smith, and D. Baltimore. 2000. The human 
thioesterase II protein binds to a site on HIV-1 Nef critical for CD4 down-regulation. J. 
Biol. Chem. 275:23097–23105).  
 

1.2.7.1  Hydrogen peroxide produced by lung epithelial cells 
 
Hydrogen peroxide (H2O2) is found in exhaled breath and is produced by airway 
epithelia. In addition, H2O2 is a necessary substrate for the airway 
lactoperoxidase (LPO) anti-infection system. Duox is the major NADPH 
oxidase expressed in airway epithelia and therefore a contributor of H2O2 production in 
the airway lumen  (Regulated Hydrogen Peroxide Production by Duox in Human Airway 
Epithelial Cells. Radia Forteza et al. American Journal of Respiratory Cell and 
Molecular Biology. Vol. 32, pp. 462-469, 2005). 
 
1.2.7.2  Hydrogen peroxide unexpectedly benefits airways 
 
Oxidative stress is a hallmark of asthma, and increased levels of oxidants are considered 
markers of the inflammatory process. Most studies to date addressing the role of oxidants 
in the etiology of asthma were based on the therapeutic administration of low m.w. 
antioxidants or antioxidant mimetic compounds.  To directly address the function of 
endogenous hydrogen peroxide in the pathophysiology of allergic airway disease, we 
comparatively evaluated mice systemically overexpressing catalase, a major antioxidant 
enzyme that detoxifies hydrogen peroxide, and C57BL/6 strain matched controls in the 



OVA model of allergic airways disease. Catalase transgenic mice had 8-fold increases in 
catalase activity in lung tissue, and had lowered DCF oxidation in tracheal epithelial cells, 
compared with C57BL/6 controls. Despite these differences, both strains showed 
similar increases in OVA-specific IgE, IgG1, and IgG2a levels, comparable airway 
and tissue inflammation, and identical increases in procollagen 1 mRNA expression, 
following sensitization and challenge with OVA.  
 
Unexpectedly, mRNA expression of MUC5AC and CLCA3 genes were 
enhanced in catalase transgenic mice, compared with C57BL/6 mice 
subjected to Ag. Furthermore, when compared with control mice, 
catalase overexpression increased airway hyperresponsiveness to 
methacholine both in naive mice as well as in response to Ag.  
 
In contrast to the prevailing notion that hydrogen peroxide is positively 
associated with the etiology of allergic airways disease, the current 
findings suggest that endogenous hydrogen peroxide serves a role in 
suppressing both mucus production and airway hyperresponsiveness 
(Catalase Overexpression Fails to Attenuate Allergic Airways Disease in the Mouse. Niki 
L. Reynaert et al. The Journal of Immunology, 2007, 178: 3814-3821). 
 
The intracellular milieu in most cells is relatively reduced, leaving little room for hypoxia 
to reduce it further. The pulmonary artery smooth muscle cells live at a much higher 
oxygen tension than systemic smooth muscle cells, so redox conditions may be different. 
Certainly hypoxia has been shown to make the lungs more reduced in terms 

of NAD(P)H-to-NAD(P) ratios and GSH.  I believe that this argues against the widely 
held notion that hypoxia increases EMOD levels. 

Investigators discussed hypoxia-inducible factor (HIF) in the setting of the fawn-hooded 
rat, in which we show that a reduction in mitochondrial function and ROS result in 
activation of HIF. This can be reversed by exogenous H2O2, suggesting that a decrease 
in ROS signals this effect of hypoxia.  I believe that this says that hydrogen peroxide 
decreases HIF levels. 

Our main difference of opinion with Dr. Packer relates to the assertion that H2O2 causes 
constriction in all vessels. The reference restriction prevents us from documenting the 
many papers that have demonstrated H2O2 to cause vasodilatation. The 
reader should refer to the section on vasodilatation in a recent review (Cai H. Hydrogen 
peroxide regulation of endothelial function: origins, mechanisms, and consequences. 
Cardiovasc Res 68: 26–36, 2005) or enter "hydrogen peroxide and vasodilatation" in 
PubMed.).  This is an important point.  Hydrogen peroxide causes vasodilation and 
not vasoconstriction, as is popularly believed.  

 

 



1.2.7.3  Inhibiting Stress Oxidant May Be New Therapy For COPD 

An  April 18, 2008 study in Clinical and Experimental Pharmacology and Physiology 
has showed that the generation of oxidative stress increases pulmonary inflammation - 
thus encouraging the development of airway obstruction associated with chronic 
obstructive pulmonary disease (COPD).  I believe that this is directly contrary 
to the above work of Cai, which shows that peroxide blocks 
bronchospasm and suppresses mucous secretion. 
 
The study "Oxidative Stress is an Important Component of Airway Inflammation in Mice 
Exposed to Cigarette Smoke or Lipopolysaccharide" investigates the inflammatory 
responses in oxidative stress-deficient mice exposed to cigarette smoke. The authors 
employ a cigarette smoke model to understand the role of oxidative stress in the 
pathogenesis of COPD, and suggested that further investigations of the efficacy of new 
compounds that may help treat respiratory disorders.  
 
Cigarette smoking is the main cause of respiratory disorders such as chronic 
bronchitis, emphysema and COPD. Smokers and patients with COPD “generally” 
display an increased oxidative stress level as compared to healthy patients.  
 
Lead author Vincent Lagente, Professor of Pharmacology at the University of Rennes 1 
in France says, "Overwhelming evidence shows that- compared to non-smokers and 
healthy patients - smokers and patients with COPD display an increased level of 
oxidative stress, and suffer from an imbalance in oxidants in airway inflammation. 
As classic anti-inflammatory compounds are ineffective in treating 
respiratory disorders, and the effects of cigarette smoke on COPD are still not 
completely understood, we have developed a cigarette exposure protocol that results in 
airway inflammation to better understand the physiopathology of the inflammatory 
process." This tells immediately that the theory of damaging free radicals is invalid, 
even for COPD, since anti-inflammatory compounds are ineffective for treatment. 
 
In examining the response of mice exposed to cigarette smoke, researchers found that 
those with reduced oxidative stress showed lesser inflammatory symptoms - hence 
suggesting the association of oxidative stress with COPD and supporting the 
development of anti-oxidant therapy for smoking related-diseases.  I predict that 
antioxidants will also fail to prevent or cure COPD. 

1.2.7.4  More cellular regulation by hydrogen peroxide 

Moreover, recent evidence that specific inhibition of H2O2 generation results in a 
complete blockage of signaling by PDGF, EGF, and angiotensin II is a strong 
indication that H2O2 serves in a messenger role (Sundaresan M, Yu ZX, Ferrans VJ, 
Irani K, Finkel T: Requirement for generation of H2O2 for platelet-derived growth factor 
signal transduction. Science 270: 296–299, 1995) (Bae YS, Kang SW, Seo MS, Baines 
IC, Tekle E, Chock PB, Rhee SG: Epidermal growth factor (EGF)-induced generation of 
hydrogen peroxide. Role in EGF receptor-mediated tyrosine phosphorylation. J Biol 



Chem 272: 217–221, 1997) (Ushio-Fukai M, Alexander RW, Akers M, Yin Q, Fujio Y, 
Walsh K, Griendling KK: Reactive oxygen species mediate the activation of Akt/protein 
kinase B by angiotensin II in vascular smooth muscle cells. J Biol Chem 274: 22699–
22704, 1999).  
 
However, the mechanisms by which H2O2 is produced and mediates receptor signaling 
have not been well characterized. 

The mechanism of the receptor-mediated generation of H2O2 has been studied extensively 
in phagocytic cells, in which O2

·- (and thus H2O2) is produced via the reduction of O2 by a 
complicated NADPH oxidase complex (Babior BM: NADPH oxidase: An update. Blood 
93: 1464–1476, 1999).  

Although it had remained unclear for many years whether nonphagocytic cells contain an 
NADPH oxidase system similar to that of phagocytic cells, several new types of 
NADPH oxidase were identified in nonphagocytic cells, and some of these enzymes 
seemed to be responsible for H2O2 production in response to GPCR ligands and peptide 
growth factors (Lambeth JD: Nox/Duox family of nicotinamide adenine dinucleotide 
(phosphate) oxidases. Curr Opin Hematol 9: 11–17, 2002).  

Although H2O2 is also known be generated by xanthine oxidase, NO synthase, and 
cytochrome P450, as well as in the mitochondria, there is no convincing evidence linking 
them to cell surface receptor activation. Evidence suggests, however, that lipoxygenases, 
which convert arachidonic acid to lipid peroxides, are activated in cells treated with 
certain cytokines (Woo CH, Eom YW, Yoo MH, You HJ, Han HJ, Song WK, Yoo YJ, 
Chun JS, Kim JH: Tumor necrosis factor-alpha generates reactive oxygen species via a 
cytosolic phospholipase A2-linked cascade. J Biol Chem 275: 32357–32362, 2000).  

Among those H2O2-generating enzymes, the best studied in relation to receptor 
stimulation is NADPH oxidase in phagocytic cells. 

Protein targets of peroxide:  Unlike other second messenger molecules, ROS are too 
simple structurally to be recognized specifically by a protein. (RMH Note:  Even more 
simple species, such as protons, are being recognized as signaling agents.)  It thus is 
unlikely that the modulation of protein functions by ROS is mediated by their reversible 
binding to proteins. H2O2

 is, however, a mild oxidant that can oxidize Cys residues in 

proteins. 
 
1.2.8.0  Hydrogen peroxide and endothelial function 
 
Some of the following was abstracted, excerpted or modified from:  Hydrogen peroxide 
regulation of endothelial function: Origins, mechanisms, and consequences. Hua Cai. 
Cardiovascular Research 2005 68(1):26-36. 
 
Increased production of reactive oxygen species (ROS) has been implicated in the 
pathogenesis of cardiovascular diseases. Enzymatic systems such as the 



mitochondrial respiratory chain, vascular NAD(P)H oxidases, xanthine 
oxidase, and uncoupled endothelial nitric oxide synthase (eNOS) 
produce superoxide anion (O2

.–) in vascular cells. While some O2
.– rapidly 

degrades by reacting with nitric oxide (NO.), the O2
.– signal preserved by dismutation into 

hydrogen peroxide (H2O2) exerts prolonged signaling effects (Hydrogen peroxide 
regulation of endothelial function: Origins, mechanisms, and consequences. Hua Cai. 
Cardiovascular Research 2005 68(1):26-36). 
 
H2O2 however modulates endothelial cell function via intricate mechanisms. Ambient 
production of O2

.– and subsequently H2O2 at low levels, maintained by 
basal activity of pre-assembled endothelial NAD(P)H oxidases or 
potential leakage from mitochondrial respiration is necessary for 

endothelial cell growth and proliferation.  At relatively lower 
pathophysiological concentrations (nano- to micromolar range) however, H2O2 plays 
important signaling roles in endothelial cells. 
 
1.2.8.1  Sources of EMODs in mammalian cells 
 
In mammalian cells, potential enzymatic sources of ROS include: 

- the mitochondrial electron transport chain,  
- the arachidonic acid metabolizing enzymes lipoxygenase and cycloxygenase,  
- the cytochrome P450s,  
- xanthine oxidase,  
- NAD(P)H oxidases,  
- uncoupled nitric oxide synthase (NOS),  
- peroxidases,  
- and other hemoproteins. 

 

 
Biochemical pathways of hydrogen peroxide generation and metabolism. Molecular 
oxygen undergoes one or two-electron reduction (1 or 2e-) to form superoxide (O2

.–) or 
hydrogen peroxide (H2O2) respectively. The majority of the bioactive H2O2 however, is 



derived from spontaneous or SOD (superoxide dismutase)-catalyzed (at the reaction 
speed of 2.0 x 109 mol/L–1.s–1) dismutation of O2

.–. Degradation of H2O2 involves 
intracellular catalase (CAT), extracellular glutathione peroxidase (Gpx) or small 
molecules like thiols. Besides directly serving as a signaling intermediate, H2O2 also 
indirectly exerts its biological effects via metabolites such as hydroxyl radical (HO.) or 
compound I (product of H2O2 oxidation of Fe3+-containing enzymes such as 
myeloperoxidase, MPO). Of note, O2

.– rapidly scavenges NO. at the reaction speed of 6.7 
x 109 mol/L–1.s–1, representing one of the mechanisms whereby bioactive NO. diminishes 
independent of regulation of NO. synthase (taken from Hua Cai, 2005). 
 
The observations that Nox1 mediates growth signaling while Nox4 is growth suppressive 
in endothelial cells seems similar to what have been observed in vascular smooth muscle.  
It seems odd that the same ROS-producing Nox proteins mediate different cellular 
responses.  In addition, a recent study reported that p22phox expression correlates well 
with expression of Nox4 in human arteries and that of Nox2 in veins. (Guzik T.J., 
Sadowski J., Kapelak B., Jopek A., Rudzinski P., Pillai R., et al. Systemic regulation of 
vascular NAD(P)H oxidase activity and nox isoform expression in human arteries and 
veins. Arterioscler Thromb Vasc Biol (2004) 24:1614–1620). 
 
H2O2 generated by xanthine oxidase or glucose oxidase stimulated endothelial cell 
growth. Consistently, scavenging H2O2

 by adenoviral overexpression of catalase or 
cytosolic glutathione peroxidase inhibited endothelial cell proliferation. These data 
indicate a role of H2O2 in growth signaling.  Endogenously produced H2O2 
upregulates VEGF expression and angiogenesis in vivo (Khatri J.J., Johnson C., 
Magid R., Lessner S.M., Laude K.M., Dikalov S.I., et al. Vascular oxidant stress 
enhances progression and angiogenesis of experimental atheroma. Circulation (2004) 
109:520–525).  
 
Cultured umbilical vein endothelial cells are particularly prone to oxidative damage and 
often used to study H2O2 induced apoptosis. Of note, aortic endothelial cells 
undergo no significant cell death with exogenous addition of H2O2 less 
than 200 µmol/L (Cai H., Li Z., Dikalov S., Holland S.M., Hwang J., Jo H., et al. 
NAD(P)H oxidase-derived hydrogen peroxide mediates endothelial nitric oxide 
production in response to angiotensin II. J Biol Chem (2002) 277:48311–48317) (Thomas 
S.R., Chen K., Keaney J.F. Jr. Hydrogen peroxide activates endothelial nitric-oxide 
synthase through coordinated phosphorylation and dephosphorylation via a 
phosphoinositide 3-kinase-dependent signaling pathway. J Biol Chem (2002) 277:6017–
6024).  
 
However, 50–100 µmol/L H2O2 was apoptotic for umbilical vein 
endothelial cells. 
 
Importantly, endothelial cell apoptosis has been implicated in atherosclerosis.  H2O2 
induced apoptosis is inhibitable by unidirectional laminar shear stress, which exerts 
this effect by attenuating JNK activation and enhancing glutathione reductase-dependent 
glutathione redox-cycling.  I interpret this to mean that shear damages the 



endothelium, decreases peroxide formation, creates an EMOD insufficiency which is 
set for the formation of plaque. 
 
Relatively high concentrations of H2O2 (>200 µmol/L) increase endothelial 
permeability  (Lum H., Barr D.A., Shaffer J.R., Gordon R.J., Ezrin A.M., Malik A.B. 
Reoxygenation of endothelial cells increases permeability by oxidant-dependent 
mechanisms. Circ Res (1992) 70:991–998). 
 
Earlier studies demonstrated that H2O2 produces endothelium-dependent and 
independent vasorelaxation (Thomas G., Ramwell P. Induction of vascular relaxation 
by hydroperoxides. Biochem Biophys Res Commun (1986) 139:102–108).  
 
In human coronary arterioles, flow-induced vasodilatation is mediated 
by endothelium-derived H2O2 (Miura H., Bosnjak J.J., Ning G., Saito T., Miura 
M., Gutterman D.D. Role for hydrogen peroxide in flow-induced dilation of human 
coronary arterioles. Circ Res (2003) 92:e31–e40).  In these arterioles, the enzymatic 
source of H2O2

 appears to be the mitochondrial respiratory chain whereas in large 
vessels, vascular NAD(P)H oxidases are responsible for H2O2 production.  This 
seems consistent with previous observations that NO. plays a lesser role in 
vasodilatation of small arteries. 
 
H2O2 can also stimulate endothelium-independent vasorelaxation with unknown 
mechanisms (Ellis A., Pannirselvam M., Anderson T.J., Triggle C.R. Catalase has 
negligible inhibitory effects on endothelium-dependent relaxations in mouse isolated 
aorta and small mesenteric artery. Br J Pharmacol (2003) 140:1193–1200). 
 
H2O2 potently upregulates eNOS expression in vitro and in vivo. Oscillatory shear stress 
upregulation of eNOS requires H2O2 activation of CaMKII (Cai H., McNally J.S., Weber 
M., Harrison D.G. Oscillatory shear stress upregulation of endothelial nitric oxide 
synthase requires intracellular hydrogen peroxide and CaMKII. J Mol Cell Cardiol (2004) 
37:121–125). 
 
Exposure of endothelial cells to H2O2 (50–100 µmol/L) increased surface expression of 
intercellular adhesion molecule-1 (ICAM-1). All these molecules including ICAM-1, 
VCAM-1, MCP-1, PAF and P-selectin have been shown to mediate neutrophil 
adhesion to endothelium.  Taken together, these data suggest that H2O2 mediates 
endothelial expression of inflammatory proteins and enhanced platelet–endothelium 

interaction, which theoretically in turn contributes to development of atherosclerotic 

vascular disease. 
 
Emerging evidence seems to suggest that H2O2 plays an important role in mediating 
vascular remodeling. First of all, H2O2 increases endothelial MMP-2 expression. TGF-
β1 and macrophages are important regulators of tissue fibrosis and remodeling.  H2O2 
contributes to endothelium-regulated vascular remodeling, which has been shown to 
regulate stability of atherosclerotic plaques (Galis Z.S., Khatri J.J. Matrix 



metalloproteinases in vascular remodeling and atherogenesis: the good, the bad, and the 
ugly. Circ Res (2002) 90:251–262). 
 
1.2.8.2  Questionable role of peroxide in vascular disease 
 
To date, the specific, individual ROS that is most relevant to vascular signaling 
pathophysiologically is yet identified. Nevertheless, selectively overproducing or 
removing H2O2 significantly altered atherogenesis in animal models. Mice 
overexpressing p22phox had markedly increased atheroma formation in a carotid 

ligation model. This response was associated with enhanced H2O2 production in the 
vessel wall, and was abolished by scavenging H2O2 with ebselen, implicating a critical 
role of H2O2 (Khatri J.J., Johnson C., Magid R., Lessner S.M., Laude K.M., Dikalov S.I., 
et al. Vascular oxidant stress enhances progression and angiogenesis of experimental 
atheroma. Circulation (2004) 109:520–525).  
 

Parallel studies from another group confirmed the same notion (Yang H., Roberts L.J., 
Shi M.J., Zhou L.C., Ballard B.R., Richardson A., et al. 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).  
 
Yang et al. 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 (Yang H., Roberts L.J., Shi M.J., Zhou L.C., Ballard B.R., Richardson A., 
et al. 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).  
 
They found that whereas overexpressing Cu/Zn-SOD had no effect on atherosclerotic 
lesion formation, overexpression of catalase, or co-overexpression of 
catalase and Cu/Zn-SOD markedly retarded atherosclerosis in all 
aspects (Yang H., Roberts L.J., Shi M.J., Zhou L.C., Ballard B.R., Richardson A., et al. 
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).  
 
I believe that this really confuses the issue of atherosclerosis causation by EMODs.  
SOD, which generates peroxide and catalase, which breaks down hydrogen 
peroxide, have the same effect.  That makes no sense, unless EMODs are totally 
unrelated to atheroma formation.   
 
I would have expected SOD overexpression to retard plaque formation. 
 
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 D.L., Gong E.L., Leeuwenburgh C., Heinecke J.W., Carlson E.L., 
Verstuyft J.G., et al. Fatty streak formation in fat-fed mice expressing human copper-zinc 
superoxide dismutase. Arterioscler Thromb Vasc Biol (1997) 17:1734–1740). 



 
Impact of ecSOD overexpression on atherosclerosis is yet to be reported although mice 
deficient in ecSOD developed similar atherosclerotic lesions compared 
to wild-type mice (Sentman M.L., Brannstrom T., Westerlund S., Laukkanen M.O., 
Yla-Herttuala S., Basu S., et al. Extracellular superoxide dismutase deficiency and 
atherosclerosis in mice. Arterioscler Thromb Vasc Biol (2001) 21:1477–1482).  This is 
what I would have expected, although I would have expected that SOD deficiency 
would have accelerated plaque formation. 
 
1.2.8.3  Nitric oxide and natural anti-cancer activity 
 
Source:Johns Hopkins Medical Institutions  
Date:December 8, 2006 
 
Sildenafil and other "impotence drugs" that boost the production of a gassy 
chemical messenger to dilate blood vessels and produce an erection now also show 
promise in unmasking cancer cells so that the immune system can recognize and 
attack them, say scientists at the Johns Hopkins Kimmel Cancer Center.  (RMH Note:  
This utilizes a free radical to intentionally aid the killing of cancer cells.) 

Tests at Hopkins on mice with implanted colon and breast tumors showed that tumor 
size decreased two- and threefold in sildenafil-treated animals, compared 
to mice that did not get the drug. In mice engineered to lack an immune system, tumors 
were unaffected, proof of principle, the scientists say, that the drug is abetting the 
immune system’s own cellular response to cancer.  

In a report published in the Nov. 27, 2006 issue of the Journal of Experimental 
Medicine, the Hopkins team says boosted levels of the chemical messenger nitric oxide 
appear to dampen the effects of a specialized cell that diverts the immune system away 
from tumors, allowing swarms of cancer-attacking T-cells to migrate to tumor sites in the 
rodents.  

Lab-grown cancer cells treated with sildenafil showed similar results, as did tissue 
samples taken from 14 head and neck cancer and multiple myeloma patients.  

Sildenafil, marketed under the trade name Viagra, is one of a class of drugs used to treat 
erectile dysfunction in millions of men, and in recent years, its ability to stimulate the 
production of NO has been investigated by experts in diseases linked to the activity of 
blood vessels and blood components.  

The new Hopkins study homes in on a tactic used by cancers to avoid detection by the 
immune system by turning elements of that system to its own advantage, says Ivan 
Borrello, M.D., assistant professor at the Johns Hopkins Kimmel Cancer Center.  
Borrello and his colleagues found that tumors exploit nitric oxide-producing immune 
cells to create a sort of "fog" that keeps them hidden from white blood cells (T-cells) that 
mount attacks on tumors.  



These NO-producing cells, a.k.a. myeloid-derived suppressor cells (MDSCs), normally 
use nitric oxide to help bring the immune system back down to surveillance levels after 
an "attack mode" response to foreign material.  

The impotence drugs seem to reverse this process, stopping the production of nitric oxide 
by MDSCs thereby allowing other immune cells to "see" the cancer and attack it, says 
Paolo Serafini, Ph.D., a research fellow in Borrello’s laboratory and lead author on the 
paper.  

Nitric oxide is infamous among city dwellers as a component of air-polluting smog, but is 
gaining importance in medical research for its cell-signaling duties and its ability to 
divert soldiering T-cells that patrol and protect.  

The Hopkins team also analyzed gene expression patterns of the myeloid-derived 
suppressor cells and found that sildenafil blocked two genes regulating enzymes -- 
arginase and nitric oxide synthase -- which are key to triggering immune 
suppression via MDSCs. Borrello’s team found that the arginase enzyme, which 
metabolizes a dietary supplement called L-arginine, also contributes to dampening the 
immune system through MDSCs much like nitric oxide, and its production can be 
reversed by sildenafil.  

"Impotence drugs won’t cure cancer," Borello cautioned, "but could be used in addition 
to standard chemotherapy or immunotherapy treatments."  The investigators are planning 
human studies to begin in the next year. 

Patented in 1996 and approved by the U.S. Food and Drug Administration for 
prescription-only sale in 1998, Viagra became a smashing financial success, exceeding 
annual sales of $1 billion every year since its introduction.  Since 1998, 23 million 
men worldwide have filled Viagra prescriptions, making it one of the most successful 
drugs of all time.  In 2007, the total sales of the top three erectile medications have 
totaled $3 billion a year.  

1.2.8.4  Insulin stimulation also induces the production of intracellular H2O2 

In general, elimination as well as production of intracellular messengers are highly 
controlled processes. (RMH Note:  Thus, I believe that the production of superoxide 
by respiration is a useful and intentional process and not a “leak.”) This would seem 
especially true for H2O2, which is readily converted to deleterious hydroxyl radicals.  
 
Enzymes that are capable of eliminating H2O2 include peroxiredoxin (Prx) in addition 
to the two conventional enzymes catalase and glutathione peroxidase. Prx is a novel 
family of peroxidases that reduce H2O2 and alkylhydroperoxides with the use of reducing 
equivalents provided by Trx . 
 
Although physiologic significance of Prx phosphorylation is not clear, our results clearly 
demonstrated that peroxidase activity of Prx I is regulated through phosphorylation. This 



was the first example that any of the H2O2 eliminating enzymes catalase, glutathione 
peroxidase, and peroxiredoxin are regulated through posttranslational modification. 
 
Conclusion:  A growing body of evidence now qualifies H2O2 to join the 
ranks of cAMP, Ca2+, inositol 1,4,5-trisphosphate, and NO in its role as 
an intracellular messenger. However, unlike the other second messengers, very 
little is known about the pathway by which H2O2 is generated in response to receptor 
stimulation and which molecules are direct targets of the H2O2 messenger function. They 
described how H2O2 production by PDGF involves signaling molecules such as PI3K, 
Rac1, Rac GEF, and NADPH oxidase. Given that stimulation of numerous (cytokine, 
growth factor, G protein-coupled) receptors induces H2O2 production, various protein 
kinases and phosphatases, heterotrimeric and small G proteins, adaptor proteins, 
and scaffolding proteins are likely to be involved in the production of H2O2. In 
addition, these components are expected to be subject to control by other second 
messenger–generating cascades.   
 
Many protein kinases, transcriptional factors, and ion channels are controlled by H2O2 
through oxidation of their H2O2-sensitive cysteine residues. Our result that Prx I and Prx 
II can be regulated through Cdc2 kinase-dependent phosphorylation is consistent with the 
thesis that intracellular concentration of H2O2 is also regulated through the fine control of 
processes involved in the production as well as elimination.  H2O2 is obviously an 
extremely important cellular signaling molecule. 
 
1.2.8.5  Hydrogen peroxide in urine and aqueous humor 
 
The concentrations of hydrogen peroxide in the aqueous humor and urine of several 
animal species and humans have been determined. The determinations are based on 
peroxide-dependent decarboxylation of I-[14C]-alpha-ketoglutaric acid and measurement 
of the resulting 14CO2 by quantitating the radioactive disintegration. The levels of 
H2O2 in most animals varied between 5.0 and 41 microM for aqueous, 
and 115 and 187 microM for urine. The levels of peroxide in the urine of steer, 
cat and baboon were lower and fell out of the above range. In the aqueous of humans 
with cataracts, the levels ranged from 33 to 324 microM, the overall average being 
189 +/- 88 microM (Radio-isotopic determination of hydrogen peroxide in aqueous 
humor and urine. Ramachandran S, Morris SM, Devamanoharan P, Henein M, Varma 
SD. Exp Eye Res. 1991 Oct;53(4):503-6). 
 
Ideas prevailing in 1991 on hydrogen peroxide in the aqueous humor are outlined. They 
are critically examined under the light of our finding that the method used to 
establish aqueous humor levels of peroxide generates itself peroxide 
during the short time span of the analysis. This is due to the fact that the probe used, 
dichlorophenol indophenol (DCPIP), spontaneously auto-oxidizes in the presence of 
oxygen. It was concluded then that the level of hydrogen peroxide in the aqueous 
humor cannot be higher than about 0.3 microM, the detection limit of the DCPIP 
method. It was also concluded that the statement commonly made in the literature that 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ramachandran%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs2
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Morris%20SM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs2
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Devamanoharan%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs2
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Henein%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs2
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Varma%20SD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs2
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Varma%20SD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs2


aqueous humor hydrogen peroxide derives from the oxidation of ascorbate, an abundant 
component of that fluid, is based solely on the use of the DCPIP method, and so could 
easily be due to a methodological artifact. The same applies to the statement that the 
levels of hydrogen peroxide are very high in human senile cataracts. The surprising 
resistance to accept the results and conclusions of our 1992 publication is documented. 
Finally, the content is discussed of an oral presentation made at the 1997 ARVO Annual 
Meeting in which an important portion of our results and conclusions was confirmed, 
perhaps signaling a shift towards a wider acceptance of our findings (Hydrogen peroxide 
in the aqueous humor: 1992-1997. García-Castiñeiras S. P R Health Sci J. 1998 
Dec;17(4):335-43). 
 
1.2.8.6  Ascorbate autoxidation produces H2O2 
 
H2O2 is produced by the autooxidation of ascorbic acid (vitamin C) and catecholamines, 
such as dopamine, norepinephrine and serotonin (Reactive oxygen species and the 
nervous system. B. Halliwell. 1992. J. Neurochemistry 59, 1609-1623).  Both auto-
oxidation of dopamine and oxidative deamination by MAO result in the formation of 
hydrogen peroxide (H2O2). Under normal circumstances H2O2 is rather inert and never 
accumulates in the brain or other organs. H2O2 is normally cleared from the brain 
glutathione system. Glutathione peroxidase catalyzes the reaction of H2O2 with 
glutathione (GSH) to form glutathione disulfide (GSSG).   
 
Catalase is very low in brain tissue and is compartmentalized away from the site of 
primary hydrogen peroxide formation.  I believe that this indicates the large “need” 
for peroxide formation in the brain. 
 
1.2.8.7  EMODs and spermatozoa 
 
The sperm cell is highly susceptible to damage by these highly reactive molecules 
because of its unique structure. The spermatozoon has a unique lipid membrane covering 
its head that is involved with attachment to the egg zona pellucida as well as important 
changes that occur with the capacitation reaction. The sperm head also contains important 
acrosome enzymes as well as the chromosomes that will eventually fuse with the 
maternal chromosomes. The mid-piece of the sperm generates the power to propel the tail 
by generating energy using its mitochondria. These mitochondria generate reactive 
oxygen molecules and are the aerobic source of cell energy. Semen also contains white 
blood cells, a very important source of ROS.  Sperm have polyunsaturated fatty acids, 
making up approximately 40 % of the lipids in the sperm head, which are important for 
membrane fluidity, sperm motility, capacitation, and sperm binding to the egg zona 
pellucida. These polyunsaturated fatty acids are extremely susceptible to oxidative 
damage.   
 
It is ironic that sperm may produce ROS when they utilize their oxidative 
metabolism to provide movement and so may damage them selves in addition to 
playing a role in normal sperm function such as hyperactivation, capacitation, acrosome 
reaction, oocyte penetration, and signal transduction (via tyrosine phoshorylase). The 



internal sources of sperm ROS are the mitochondria (primary) which generate 
hydrogen peroxide (H2O2) and the sperm plasma membrane NADPH oxidase 
system. External sources of ROS include white blood cells in the semen. These produce 
H2O2 and oxygen (O2). The phagocytes and -lymphocytes produce –O2 which appear to 
use NADPH oxidase like enzymes. Low levels of ROS may be generated by other cells in 
the male reproductive tract including endothelial cells, fibroblasts, mesangial cells, and 
vascular smooth muscle cells. As you can see, overproduction could come from several 
sources. Infection of the prostate, i.e. prostatitis, is associated with decreased sperm 
motility, anti-sperm antibodies, and oxidative stress. ROS may be increased with certain 
medications, radiation, pollutants and in patients with spinal cord injuries. 
 
The sperm oxygen radical scavengers in seminal plasma include vitamin E (α-
tocopherol), vitamin C (ascorbic acid), uric acid, glutathione, taurine, hypotaurine, 
and albumin. A group of enzymes also help to scavenge oxygen radicals throughout the 
male reproductive tract (glutathione peroxidase, catalase, indolamine dioxygenase, 
and superoxide dismutase). It is important to realize that the body has redundant 
systems to remove these potentially toxic compounds. 
 
Nox4 was suggested to participate in insulin receptor signal transduction. In many 
cells, growth factors and insulin stimulate low-level hydrogen peroxide 
production. Hydrogen peroxide then inhibits tyrosine phosphatases, thus enhancing the 
tyrosine phosphorylation induced by the receptor agonists. Recently, it was suggested 
that Nox4 is responsible for insulin-induced H2O2 production in 3T3-L1 adipocytes 
(Mahadev K, Motoshima H, Wu X, et al. (2004) The NAD(P)H oxidase homolog Nox4 
modulates insulin-stimulated generation of H2O2 and plays an integral role in insulin 
signal transduction. Mol Cell Biol 24:1844–1854). 
 
Nox4 may have important roles in the cardiovascular system. According to 
expression studies performed on vascular endothelial cells, Nox4 seems to be the 
dominant ROS source in endothelial cells (Sorescu D, Weiss D, Lassegue B, et al. (2002) 
Superoxide production and expression of Nox family proteins in human atherosclerosis. 
Circulation 105:1429–1435). This localization is particularly exciting, because it would 
mean that Nox4-produced superoxide could effectively antagonize the effect of NO 
produced in the same cell type. 
 
A recent publication has located endogenous Nox4 within the nucleus of human 
umbilical endothelial cells (HUVECs). The nuclear fraction of HUVEC cells 
produced superoxide in a NADPH-dependent way. Earlier reports already 
pointed to the nucleus as an intracellular site of ROS production in 
endothelial cells, and NADPH oxidase components were detected in nuclear fraction 
of endothelial cells (Li JM and Shah AM. (2002) Intracellular localization and 
preassembly of the NADPH oxidase complex in cultured endothelial cells. J Biol Chem 
277:19952–19960) and B lymphocytes (Grandvaux N, Grizot S, Vignais PV, Dagher 
MC. (1999) The Ku70 autoantigen interacts with p40phox in B lymphocytes. J Cell Sci 
112:Pt 4503–513).  



 
The nuclear localization of Nox4 suggests that it could convey redox 
signals altering gene expression. This suggestion is now supported by some 
experimental evidence, but the idea requires more rigorous testing. 
 
In blood vessels, Nox4 is also present in smooth muscle cells, where it localizes to the 
endoplasmic reticulum and nucleus. 7-ketocholesterol, a major oxysterol component in 
low-density lipoprotein, stimulates the expression of Nox4 in smooth muscle cells, thus, 
ROS production by Nox4 might be responsible for the oxidative stress induced by 7-
ketocholesterol (Pedruzzi E, Guichard C, Ollivier V, et al. (2004) NAD(P)H oxidase 
Nox-4 mediates 7-ketocholesterol-induced endoplasmic reticulum stress and apoptosis in 
human aortic smooth muscle cells. Mol Cell Biol 24:10703–10717). 
 
Nox4 is also present in the heart, where cardiac fibroblasts express the enzyme.   
 
Nox4 is also expressed in cells of haematopoietic origin.  Another extra-renal site of 
Nox4 expression is the murine osteoclast, where Nox2 is also detected. It is possible that 
Nox4 and Nox2 together provide oxidative support for bone resorption.  
 
The expression of these enzymes at sites where ROS-production has not been studied 
before expands our knowledge of the importance of ROS signalling.  High-level ROS 
production at specific sites by non-phagocytic oxidases suggests that they have 
additional unique functions, such as hormone biosynthesis in thyrocytes (Duox2) or 
formation of otoconia (Nox3).   
 
It is likely that with broader knowledge we will be able to define the role of these novel 
ROS-sources in different disease processes, which can arise from either under- or over-
production of ROS. 
 
 
1.2.8.8  Alleged diseases associated with EMODS 
 
Some of the following was taken for patent no. Document Type and Number: 
United States Patent 6362167.  “Method of blocking free radical processes which result 
in mediated pathology without deleterious pro-oxidant side reactions.” 

The biomedical literature has recognized that “free radicals” and other reactive species 
are allegedly involved in different human diseases. These species have been implicated in 
over 100 disorders, ranging from rheumatoid arthritis and hemorhagic shock to 
cardiomyopathy and cystic fibrosis to gastrointestinal ischemia, AIDS and even male 
pattern baldness. Some of the clinical conditions in which the involvement of free 
radicals is given in the following:  

 

 



Alleged diseases associated with free radicals 
 

Category  Examples  
 

Inflammatory/immune  Glomerulonephritis, vasculitis,  
injury  Autoimmune diseases, rheumatoid arthritis,  
 hepatitis  
Ischemia-reflow states  Stroke, myocardial  
 infarction/arrythmias/angina/stunning, organ  
 transplantation, inflamed rheumatoid joint,  
 frostbite, Dupuytren's contracture, cocaine-  
 induced fetal damage  
Iron overload (tissue  Idiopathic hemochromatosis, dietary  
and plasma)  iron overload (Bantu), thalassemia and  
 other chronic anaemias treated with multiple  
 blood transfusions, nutritional deficiencies  
 (kwashiorkor), alcoholism, multi-organ  
 failure, cardiopulmonary bypass, fulminant  
 hepatic failure, prematurity, alcohol-related  
 iron overload, cancer  
 chemotherapy/radiotherapy  
Radiation injury  Consequences of nuclear explosions,  
 accidental exposure, radiotherapy or  
 exposure to hypoxic cell sensitizers or  
 radon gas; cataract  
Aging  Disorders of premature aging, aging  
 itself, age-related diseases, e.g. cancer  
Red blood cells  Phenylhydrazine, primaquine and related  
 drugs, lead poisoning, protoporphyrin  
 photoxidation, malaria, sickle cell anaemia,  
 favism, Fanconi's anaemia, hemolytic  
 anemia of prematurity, chemotherapy  
Respiratory tract  Effects of cigarette smoke, snuff inhalation,  
 other smoke inhalation, emphysema  
 (COPD), hyperoxia, bronchopulmonary  



 dysplasia, exposure to air pollutants (03,  
 NO 2 , SO 2 diesel exhaust), ARDS, mineral  
 dust pneumoconiosis, asbestos  
 carcinogenicity, bleomycin toxicity, paraquat  
 toxicity, skatole toxicity, asthma, cystic  
 fibrosis  
Heart and cardiovascular  Alcohol cardiomyopathy, Keshan  
System  disease (selenium deficiency),  
 artherosclerosis, anthracycline  
 cardiotoxicity, cardiac iron overload  
Kidney  Autoimmune nephrotic syndromes,  
 aminoglycoside nephrotoxicity, heavy metal  
 nephrotoxicity (Pb, Cd, Hg),  
 myoglobin/hemoglobin damage,  
 haemodialysis, transplant storage/rejection  
Gastrointestinal tract  Betel nut-related oral cancer, liver injury  
 caused by endotoxins or halogenated  
 hydrocarbons (e.g. bromobenzene, CCI 4 ),  
 exposure to diabetogenic agents,  
 pancreatitis, NSAID-induced gastrointestinal  
 tract lesions, oral iron poisoning  
Brain/nervous system/  Hyperbaric oxygen, vitamin E  
Neuromuscular disorders  deficiency, exposure to neurotoxins,  
 Alzheimer's disease, Parkinson's disease,  
 Huntington's chorea, stroke, neuronal  
 ceroid lipofuscinoses, allergic  
 encephalomyelitis, aluminium overload,  
 sequelae of traumatic injury, muscular  
 dystrophy, multiple sclerosis, amyotrophic  
 lateral sclerosis, Guam dementia; may also  
 occur during preservation of fetal dopamine-  
 producing cells for transplantation  
Eye  Cataract, ocular hemorrhage,  
 degenerative retinal damage/macular  
 degeneration, retinopathy of prematurity  



 (retrolental fibroplasia), photic retinopathy,  
 penetration of metal objects  
Skin  UV radiation, thermal injury, porphyria,  
 hypericin, exposure to other  
 photosensitizers, contact dermatitis,  
 baldness  

 
Abbreviations: ARDS, adult respiratory syndrome; COPD, chromic obstructive 
pulmonary disease; NSAID, non-steroidal anti-inflammatory drug  

These pathologies have been allegedly alleviated with antioxidants which function as 
blockers of such radical process. (RMH Note:  None of theses diseases have been 
proven to have been eliminated by any antioxidant therapy.)  However, an 
antioxidant cannot distinguish between radicals that play a useful 
physiologic role and those that are harmful. Moreover, antioxidant 
compounds not only function as antioxidants, but they may have pro-
oxidant action as well.  

Examples of antioxidants which also exhibit pro-oxidant activity are given below:  

 
VITAMINS 
 
 

Myths frequently smother facts and  
mendacity strangles veracity. 

It requires incredible persistence and courage  
to expose and teach truth. 

In the areas of dietary supplementation and medicine, 
data undergoes daily manipulation 

to promote “sales based on pseudoscience” 
and “profit based on lies.” 

R. M. Howes, M.D., Ph.D. 
11/22/07 

 
 
 

1.2.9.0  US vitamin sales 



Pooled from Euromonitor, Datamonitor, Mintel and Nutrition Business Journal, the data 
was gathered by Capsugel's global business development manager for dietary 
supplements Peter Zambetti.  Within the scope of an overview of the global 
nutraceuticals market, Zambetti also pinpointed the types of dietary supplement and 
vitamin products that US consumers most commonly purchase.  The aging US 
population was a major driver for supplement sales, according to Zambetti.   
"Around 50 percent of all dietary supplement products sold in the United States are age-
related products for baby boomers," he said.    
 
Sales of supplements in 2006 - the latest available year of comprehensive figures - were 
led by calcium, which saw sales of over $1bn.  Glucosamine, which is used to support 
joint health, was the next most popular dietary supplement, recording sales of over 
$800m.  Minerals were third in line, with sales of over $750m, followed by fish oil (sales 
over $400m), Co-Enzyme Q10 (just under $400m), probiotics (just under $300m), and 
noni (over $200m).  Other popular dietary supplements included garlic, Echinacea, eye 
health products, Ginkgo Biloba and Sam-E. 
 
1.2.9.1 Vitamin preferences  
 
Multivitamins were by far the most popular products in the vitamin category, 
accounting for around 60 percent of the total vitamin market.  "There were sales of $4bn 
in multivitamins alone - because if people don't know what to take they'll take a multi," 
said Zambetti.  Multivitamins are predicted to grow by 7.5 percent in constant value 
between 2003 and 2008. 
 
B vitamins were the next popular vitamin product, with a market worth $1bn in 2006.  
Vitamin C was next, with over half a billion in sales, followed by vitamins E, D 
and A, all with sales under half a billion.   

Zambetti also provided an overview of the dietary supplement products that saw sales 
falling in the period.  These included Vitamin E, Ginkgo Biloba, Echinacea, garlic, 
evening primrose oil and ginseng.  According to Zambetti, in today's market these 
products are all considered "yesterday". 
 
Vitamin E was the hardest hit of all of these products, due to the negative publicity 
it received following publication of a controversial meta-analysis in 2005.  Sales of 
this vitamin fell some $102m, said Zambetti.  According to Zambetti, the day after the 
negative vitamin E report came out, 20 percent of US consumers taking vitamin E 
supplements stopped taking them.  EU consumers did not react quite as strongly, he 
said, primarily because the US consumer is more "fickle" and more easilty affected by 
negative media reports. 
 
Ginkgo Biloba sales were down $8.4m, Echinacea and garlic sales both fell $6m, evening 
primrose oil sales feel $4.2m, and ginseng sales were down $1.4m. 



Supplements that are fast picking up steam in the US market include fish oil, Co-
Enzyme Q-10, probiotics, glucosamine, noni, eye health products, and Sam-E. 
 
Fish oil was the fastest growing product, according to Zambetti: "The only thing 
fish oil can't do is start your car in the morning!" he said.  Sales for the product increased 
$119m. 
 
CoQ10 was the next fastest growing supplement product, with sales increasing $67m, he 
said.  Probiotics were next, with sales up $64m.  "We really need to thank Dannon on 
their education efforts for people to understand the benefits of probiotics," he told 
industry members.  Glucosamine was the next fastest growing supplement in the US, 
with sales increasing $52m. 
 
Noni - which "ten years ago didn't exist" - was up $28m, while sales of eye health 
products increased $13m.  Sam-E is also considered a fast growing supplement, with the 
market now considered to be worth around $100m.  Other categories in the dietary 
supplement industry that Zambetti highlighted as up-and-coming include phytosterol 
Esters, resveratrol, nutrigenomics and nanotechnology. 

1.2.9.2  US overview 
 
Zambetti said that sales in the dietary supplement industry will be driven by specific 
supplements that help support body functions as consumers age, including eye, joint and 
heart health.  In addition, Zambetti said that the supplement market will continue to grow 
as consumers turn to drug 'alternatives'. 
 
"Blends of vitamins and dietary supplements are expected to perform strongly over 
the next three years as consumers increasingly turn to them to treat specific health 
conditions as they continue to question traditional drug therapy," he said. 
 
Sports nutrition products were also popular in 2006, growing some 23 percent.  
According to Zambetti, this market is expected to top $12.7bn by 2011. 
 
Weight and glucose management will continue to be a priority for consumers, with more 
industry innovation occurring in these areas in order to meet consumer demand. 

1.2.9.3  Vitamin C as a prooxidant 

Vitamin C is a hydrophilic vitamin with well-known antioxidant properties; however 
Vitamin C also can act as a pro-oxidant in the following manner. Specifically, 
the combination of Vitamin C with Fe 3+ or Fe 2+ ions causes intense oxidation of 
polyunsaturated fatty acids (PUFAs). The mechanism of such pro-oxidation is as 
follows:  

The Vitamin C radical (dehydroascorbate radical anion, Vit C.), a relatively non-
reactive species, can decay by disproportionation resulting in the production of Vitamin 



C and dehydroascorbate (DHA), thereby terminating the propagation of free radical 
reactions:  

2Vit C.+2H + →Vit C+DHA  

Alternately, the vitamin C radical may reduce another Fe '+ ion:  

Vit C.+Fe 3+→DHA+Fe 2+  

 

During oxidation of Vitamin C, H2O2 is also formed:  

Vit C+O2 →DHA+H2O2  

The reduction of Fe 3+ thus appears to be the probable cause for the pro-oxidant action of 
Vitamin C. The degree of ferric ion reduction may therefore determine the 
prevalence of Vitamin C acting either as an antioxidant or as a pro-oxidant.  

1.2.9.4  Vitamin C and iron co-supplementation decrease LDL oxidation and 
platelet aggregation 

If the radicophobes would have had their way, they would probably have banned 
the following co-supplementation of vitamin C and iron.  This is notorious for 
producing the alleged all-harmful hydroxyl radical and it should have wreaked 
havoc on the test subjects, but it did not. 

Investigators examined the effect of co-supplementation with iron and vitamin C on 
antioxidant status, platelet function and low density lipoprotein oxidation in normal 
healthy volunteers. DESIGN: The study was carried out with two groups of 20 subjects 
each acting as their own control, comparing presupplemention with postsupplemention. 
One group was supplemented with iron and the RDA level of vitamin C and the second 
group with iron and 260 mg/d vitamin C. SETTING: The International Antioxidant 
Research Centre, The Guy's, King's College and St Thomas's School of Biomedical 
Science, Guy's Campus, London. SUBJECTS: Forty normal healthy volunteers, recruited 
from the staff of the Medical School and Hospital in which two volunteers withdrew 
during the study. INTERVENTIONS: Subjects in both studies were randomly assigned 
to one of two groups (5 males and 5 females group) and received supplements 
containing iron (14 mg/d) and either 60 mg/d (Group A) or 260 mg/d (Group B) 
vitamin C for 12 wk. Blood samples were taken at 6 wk and 12 wk, and prior to 
supplementation and analysed for iron and antioxidant status (transferrin bound iron, 
vitamin C and E, and beta-carotene levels) in both studies. Samples from the first study 
were analysed for the susceptibility of LDL isolated from plasma to Cu2+-induced 
oxidation and samples from the second for platelet function. RESULTS: Transferrin-
bound iron was significantly increased (P < 0.05) at 12 wk, in Group A subjects (from 
14.9+/-5.3 micromol/1 to 19.5+/-2.3 micromol/l; mean+/-s.d.; n=19), whereas those in 



Group B showed a significant increase (P < 0.05) after 6 wk (from 15.8+/-4.5 micromol/l 
to 20.4+/-6.6 micromol/l; n = 19) which decreased at 12 wk (16.3+/-5.0 micromol/l). 
Plasma total ascorbate significantly increased from an initial level of 59.3+/-21.3 
micromol/l to 87.6+/-29.0 micromol/l after 6 wk and 81.7+/-11.4 micromol/l after 12 wk 
following the Group B supplementation, but only after 12 wk in Group A (from 64.0+/-
24.8 micromol/l to 77.2+/-13.2 micromol/l). Plasma alpha-tocopherol concentrations 
were significantly increased after 6 wk and 12 wk with both levels of supplementation 
(from 24.2+/-5.71 micromol/l Group A and 23.4+/-5.3 micromol/l Group B to 26.3+/-5.5 
micromol/l and 25.71+/-4.7 micromol/1 respectively at 12wk). The mean lag phase to 
oxidation of low density lipoprotein (LDL) was significantly increased in subjects in 
Group B after 12 wk ingestion of iron and 260 mg vitamin C (from 80.0+/-14.8 min 
to 97.2+/-16.9 min; n = 9). Platelet sensitivity to ADP-induced aggregation was 
significantly decreased (P < 0.05) by 12 wk in Group A (from EC50 2.3 < or = 1.3 
microM to 3.7+/-2.2 microM; n = 10), whereas those receiving higher vitamin C showed 
a significant decrease (P < 0.05; from EC50 1.9+/-0.6 microM to 3.1+/-1.8 microM) after 
6wk which subsequently increased towards presupplemental levels (2.6+/-1.6 microM). 
Platelets from the latter subjects showed a significant reduction in ADP-induced ATP 
secretion at both 6wk and 12 wk. CONCLUSION: The results show modest 
beneficial effects on LDL oxidation and platelet function following 
supplementation with iron and vitamin C. No evidence for pro-oxidant 
effects was observed (Do iron and vitamin C co-supplementation influence platelet 
function or LDL oxidizability in healthy volunteers? Yang M, Collis CS, Kelly M, 
Diplock AT, Rice-Evans C. Eur J Clin Nutr. 1999 May;53(5):367-74).  Surprise, 
surprise.  I believe that this dispels the old rumors of the dangers of combining 
vitamin C and iron.  This combination was supposed to form the horrible hydroxyl 
radical and destroy everything….but it does not.  In fact, it improves platelet 
aggregation.  

1.2.9.5  Antioxidant vitamins may raise LDL levels 

The notion that antioxidant vitamins could provide a safe, convenient way to protect the 
heart from disease appears to have hit a pothole. Instead of protecting the heart, a 
new study suggests that the vitamins, such as E, C, and beta carotene, 
could raise the production by the liver of the so-called bad form of 
cholesterol, which transports cholesterol into artery walls.  

The study, led by New York University School of Medicine researcher Edward A. Fisher, 
MD, PhD, the Leon H. Charney Professor of Cardiovascular Medicine and Professor of 
Cell Biology, is published in the May 2004 issue of the Journal of Clinical 
Investigation.  

"It does appear that antioxidant vitamins may be potentially harmful for the 
heart based on their ability to increase the secretion of VLDL in the 
liver cells and in the mice that we studied," says Dr. Fisher, who directs the Lipid 
Treatment & Research Center at NYU Medical Center.  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Diplock%20AT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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After its secretion from the liver, VLDL is converted in the bloodstream to low-density 
lipoprotein (LDL), the so-called bad form of cholesterol. The liver is the major source of 
atherosclerosis-causing lipoproteins. "However, our study is the first to document this 
association between antioxidant vitamins and VLDL cholesterol, and more studies are 
needed to back up our findings," says Dr. Fisher, who is also Director of the Marc and 
Ruti Bell Vascular Biology and Disease Research Program at NYU.  

"Until more data becomes available, we can't make any recommendations about whether 
people should not use these vitamins," says Dr. Fisher.  

Overall, antioxidants usually have been considered healthful. The vitamins scavenge 
"free radicals," which are highly reactive and damaging forms of oxygen produced by 
natural metabolic processes in the body and by external sources like the sun's UV rays, 
ozone, and toxins in pesticides, among other things. In the early 1990s, laboratory studies 
suggested that antioxidant vitamins prevented biochemical changes that made cholesterol 
form plaques that can block blood flow through the arteries. Although some subsequent 
clinical studies seemed to back up these findings, others did not.  

The new study by Dr. Fisher and his colleagues provides a different perspective on 
antioxidants. Surprisingly, his group found that antioxidants hampered a process in the 
liver that prevents the production of harmful lipoproteins.  

When cells are under "oxidative stress," free radicals produced by the normal 
conversion of polyunsaturated fatty acids to lipid peroxides bombard the cells. The 
scientists discovered that liver cells respond by activating a pathway that breaks 
down ApoB100, a critical protein component of VLDL and other harmful lipoproteins. 
Deprived of the ApoB, the liver cannot now produce these bad lipoproteins and 
their secretion into the bloodstream is reduced substantially.  

In further experiments, vitamin E, a well-known antioxidant, prevented the activation 
of the lipoprotein-breakdown pathway in rat and mouse liver cells. Thus, the liver 
destroyed fewer of the bad lipoproteins.  This shows that antioxidants 
increase LDL levels. 

The study also explains why polyunsaturated fatty acids, the good fatty acids found in 
cold water fish, are healthy for the heart. In another series of experiments, the scientists 
show that omega-3 and omega-6 fatty acids activated the pathway in the liver that breaks 
down the bad lipoproteins. Dr. Fisher's group recently described this pathway, which they 
dubbed PERPP for post-ER presecretory proteolysis.  

The scientists also found that the polyunsaturated fatty acids increased the generation 
of lipid peroxidation products (these compounds produce the nasty smell of rancid fish) 
and stimulated the PERPP pathway. In addition to the studies with liver cells in 
laboratory dishes, they also demonstrated the relationship between lipid peroxidation and 
reduced production of bad lipoproteins in living mice.  



Dr. Fisher plans to conduct further experiments in mice to confirm these findings. Direct 
experimentation in people to explore the inner workings of the liver is difficult, says Dr. 
Fisher, "but there are already observational studies in normal people showing that a 
diet enriched in polyunsaturated fats increases blood levels of lipid peroxides and 
decreases levels of VLDL and LDL."  

Antioxidants may still have beneficial affects on other parts of the body, says Dr. Fisher. 
The molecules, for example, have been shown in some animal studies to protect the 
arteries from atherosclerosis and the pancreas and other organs from damage caused by 
diabetes. "In other words, oxidant stress is damaging in some contexts, but probably 
beneficial in others," he says. "In terms of the risk of cardiovascular disease," he adds, 
"the previous view that all oxidant stress is bad is probably an oversimplification."  

In an editorial accompanying the study titled "Hold the antioxidants and improve 
plasma lipids?," Ronald Krauss of Children's Hospital Oakland Research Institute in 
California, writes, "Thus, although there is considerable evidence for the involvement 
of oxidative stress in many disease processes, including atherosclerosis, the potential 
for unintended outcomes of oxidant therapy should serve as a warning against 
proceeding with such treatment in the absence of clinical-trial evidence of benefit 
and safety."  

Dr. Fisher's co-authors on the study are: Meihui Pan of NYU School of Medicine; Arthur 
Cederbaum of Mount Sinai School of Medicine, New York; Yuan-Li Zhang and Henry 
Ginsberg of the College of Physicians and Surgeons, Columbia University, New York; 
and Kevin Jon Williams of Jefferson Medical College, Thomas Jefferson University, 
Philadelphia. 

1.2.9.6  Meta-analysis of vitamin C heart benefits 

June 2, 2008.  Daily supplements of vitamin C may lower levels of LDL (bad) 
cholesterol by five per cent, and subsequently reduce risk factors linked to 
cardiovascular disease, says a new meta-analysis.  Doses of at least 500 milligrams per 
day were necessary to produce these effects, which were accompanied by an 8.8 per cent 
reduction in triglyceride levels, according to the meta-analysis of 13 randomized, 
clinical trials published in the Journal of Chiropractic Medicine. 
 
"Although the magnitude of change in LDL cholesterol and triglycerides appeared 
modest, it can be estimated […] that an LDL cholesterol change of -7.9 mg/dL could 
potentially translate to a 6.6 per cent reduction in coronary heart disease (RMH 
Note:  That is a stretch.) and that a change in triglycerides of −20.1 mg/dL could 
translate to a 2.4 per cent reduction in coronary heart disease risk," wrote Marc McRae 
from National University of Health Sciences in Lombard, Illinois. 
 
Heart disease causes almost 50 per cent of deaths in Europe, and is reported to cost the 
EU economy an estimated €169 billion (£116 billion) per year. 
 



On the other hand, no significant increases were observed in HDL 
cholesterol levels, stated McRae.  "This last result is surprising because numerous 
epidemiologic studies have shown that vitamin C intake positively correlates with HDL 
cholesterol concentrations," he added. 
 
McRae identified 13 trials that included 14 separate groups including 405 subjects 
with high cholesterol levels (hypercholesterolemia). The subjects received vitamin C 
supplements of at least 500 mg per day for a period of three to 24 weeks. The studies 
were either a crossover double blind design or placebo-controlled double-blind design. 
The average age of the study participants was 58.9, and 60 per cent of the subjects were 
men.  
 
The pooled effect of the supplements on LDL blood levels was a reduction of 7.9 mg 
per dL, while HDL blood levels increased by 1.1 mg per dL. This latter result was not 
statistically significant, however, noted McRae. 
 
"Supplementation with at least 500 mg/d of vitamin C, for a minimum of four weeks, can 
result in a significant decrease in serum LDL cholesterol and triglyceride concentrations. 
However, there was a non-significant elevation of serum HDL cholesterol," he said. 
Commenting on the potential mechanism of action, McRae noted that vitamin C may 
intercept reactive oxygen species (ROS).  I suggest that this could also be due to its 
prooxidant activity, i.e., the oxidized LDL can be excreted by the liver and lower its 
level. 
 
Another possible mechanism is a protective effect on LDL receptors. Animal studies 
have reported that the number of LDL receptors may decrease by as much as 25 per cent 
on consumption of a diet containing insufficient vitamin C.  McRae lists the potential 
limitations of his study, noting that the age range of the subjects was quite large, which 
could lead to confounding of the results. "Average subject age varied between 48 and 82 
years; and it is known hat vitamin C concentration in serum decreases with aging, 
whereas a concomitant increase in total serum concentration occurs," wrote Mc Rae. 
"Differences in age and dietary characteristics may result in unevenly matched baseline 
plasma vitamin C concentrations." 
 
Other sources of error included the doses used, which ranged from 500 to 2,000 mg per 
day, and the duration of the study, which ranged from four to 24 weeks.  
 
Despite the limitations, McRae concluded: "Although [the observed] changes are modest, 
any small change can have beneficial effects on the incidence of coronary heart disease, 
especially in light of the low cost and absence of toxicity when supplementing vitamin C 
within the ranges of 500 to 1000 mg/d."  (Vitamin C supplementation lowers serum low-
density lipoprotein cholesterol and triglycerides: a meta-analysis of 13 randomized 
controlled trials. Journal of Chiropractic Medicine.  M.P. McRae.  June 2008, Volume 7, 
Issue 2, Pages 48-58). 
 



1.2.9.7   Vitamin E as a prooxidant 

The propagation reaction of the oxidative breakdown of PUFAs, indicated as LH, is 
shown below, where K 1 is the equilibrium constant:  

In which LOO . indicates lipid peroxyl radicals.  

The lipid-soluble Vitamin E thus owes its antioxidant activity to trapping of LOO . , 
which in turn is reduced to stable LOOH (lipid hydroperoxides), as follows:  

Vitamin E itself is a mixture of four lipid-soluble tocopherols (designated as α, β, γ and 
δ); α-tocopherol being the most active with respect to trapping of peroxyl radicals. The 
resonance stabilization of Vit E derived from α-tocopherol renders it less reactive than 
LOO . , therefore, Vitamin E is a good antioxidant.  

In contrast, Vitamin E, if present at a relatively high concentration, can induce 
deleterious radical formation by a side reaction with LOOH, thus functioning also 
as a pro-oxidant.  

Vit E+LOOH→Vit E . +LO . +H 2 O  

ANTIOXIDANTS 

1.2.9.8  Superoxide Dismutase (SOD) as a prooxidant 

Intra-articular administration of Cu/Zn-containing SOD has been used to prevent free 
radical damage. However, H2O2 , a reaction product of O2 

− dismutation, can inactivate 
SOD. Therefore, in the presence of H2O2 , SOD will act as a pro-oxidant.  

I have said for years that SOD is a prooxidant due to the fact that it converts 
superoxide into a more potent oxidant, hydrogen peroxide.  The following article 
represents the misunderstanding of SOD as an antioxidant, in the intrepertation of 
the data.   

1.2.9.9  Impaired antioxidant defense system (SOD) of colonic tissue and cancer 
development in dextran sulfate sodium-induced colitis in mice 
 
The mechanisms underlying the frequent development of carcinomas associated with 
ulcerative colitis (UC) are not understood. Cellular antioxidants play a crucial role in 
protection against neoplastic disease.  (RMH Note:  Antioxidants actually protect 
neoplastic cells from EMOD induced apoptosis.  These authors have presented an 
erroneous notion.)  The purpose of this study is to investigate a critical balance between 
free radical activity and the antioxidant defense system in carcinogenesis associated with 
UC, using a model of experimental colitis induced in mice by dextran sulfate sodium 
(DSS) treatment. METHODS: Chronic colitis was induced by feeding the mice for 7 days 
with 4% DSS, followed by drinking water alone for the subsequent 14 days. Animals 

http://lib.bioinfo.pl/pmid:11796011
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were sacrificed after one, two, three, or four cycles of DSS administration. Development 
of dysplastic epithelium and invasive carcinoma was histologically examined. Lipid 
peroxide level was estimated by measuring malondialdehyde (MDA) content. Alterations 
in MDA content and superoxide dismutase (SOD) activity in colonic tissues together with 
production of serum tumor necrosis factor (TNF)-alpha were determined.  
 
RESULTS: Colonic neoplasms including 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 DSS treatment periods. Dysplastic epithelium and invasive 
carcinoma revealed significantly lower SOD levels compared with colonic colitis, 
although MDA levels were not statistically different among these colonic diseases. 
(RMH Note:  This decrease in SOD indicates that there is resulting decreased 
peroxide levels, which I believe is consistent with an EMOD insufficiency and 
“allows” for cancer development.)   
 
The results obtained in this experimental model suggest that an impaired antioxidant 
defense system might be critical for cancer development associated with UC (Impaired 
antioxidant defense system of colonic tissue and cancer development in dextran sulfate 
sodium-induced colitis in mice.  Daisuke Korenaga, Fumio Takesue, Kazuaki Kido, 
Mitsuhiro Yasuda, Sadaaki Inutsuka, Masayuki Honda, Shunichi Nagahama. J Surg Res. 
2002 Feb ;102 (2):144-9 11796011 (P,S,E,B)) 

1.3.0.0  Glutathione (GSH) as a prooxidant 

Thiol (SH) groups are essential in the protection against the deleterious effects of reactive 
oxygen species. The tripeptide GSH (γ-Glu-Cys-GLY) is the pivot in various protective 
systems. In addition, the SH group is important for the function of many proteins. To 
protect the SH groups of proteins, high concentrations of the reducing GSH are required. 
However, it is difficult to estimate the level of GSH needed for this function since thiols 
may exhibit both antioxidant and pro-oxidant actions. The pro-oxidant 
activity of the thiol GSH can be simply explained as involving the reduction of Fe 2+ . 
Hence, a generally accepted antioxidant, such as GSH, may possess deleterious pro-
oxidant activity under certain conditions. 

1.3.0.1  So-called antioxidants (polyphenolics) have prooxidant activity 

Polyphenolic antioxidants exhibited a dose-dependent toxicity against 
human promyelocytic leukemia cells (HL-60).  

Their action was accompanied by malondialdehyde formation, and was partly 
prevented by desferrioxamine and the antioxidant N,N′-diphenyl-p-phenylene 
diamine. This points to a prooxidant character of their cytotoxicity. A 
quantitative structure-activity relationship (QSAR) has been obtained to describe the 
cytotoxicity of 13 polyphenolic antioxidants belonging to three different groups 

http://lib.bioinfo.pl/pmid:11796011
http://lib.bioinfo.pl/pmid:11796011
http://lib.bioinfo.pl/pmid:11796011
http://lib.bioinfo.pl/auth:Korenaga,D
http://lib.bioinfo.pl/auth:Takesue,F
http://lib.bioinfo.pl/auth:Kido,K
http://lib.bioinfo.pl/auth:Yasuda,M
http://lib.bioinfo.pl/auth:Inutsuka,S
http://lib.bioinfo.pl/auth:Honda,M
http://lib.bioinfo.pl/auth:Nagahama,S


(flavonoids, derivatives of gallic and caffeic acid): log cL50 
(µM)=(2.7829±0.2339)+(1.2734±0.4715) Ep/2 (V)−(0.3438±0.0582) log P (r2=0.8129), 
where cL50 represents the concentration for 50% cell survival, Ep/2 represents the 
voltammetric midpoint potential, and P represents the octanol/water partition coefficient. 
Analogous QSARs were obtained using enthalpies of single-electron oxidation of these 
compounds, obtained by quantum-mechanical calculations. These findings clearly point 
to two important characteristics determining polyphenol cytotoxicity, namely their 
ease of oxidation and their lipophilicity (Prooxidant toxicity of polyphenolic 
antioxidants to HL-60 cells: description of quantitative structure-activity relationships .  
E. Sergediene. FEBS Letters, 2003. Volume 462 , Issue 3 , Pages 392 – 396.). 

I believe that other so-called antioxidants work in the same prooxidant manner.  It 
has been shown repeatedly that antioxidants prevent oxidant-induced apoptosis, 
especially of human cancer cells.  Again, this illustrates the dangers of current 
recommendations to take large quantities of antioxidants to fight disease, including 
cancer. 

1.3.0.2 Prooxidant activity of vitamins C, E, carotenoids and flavonoids 

Natural antioxidants like vitamin C, vitamin E, carotenoids, and polyphenols like 
flavonoids, are at present generally considered to be beneficial components from fruit and 
vegetables. The anti-oxidative properties of these compounds are often claimed to be 
responsible for various beneficial health effects of these food ingredients. Together 
these studies provide the basis for the present rapidly increasing interest for the use of 
natural antioxidants as functional food ingredients and/or as food supplements. 
However, at higher doses or under certain conditions antioxidant-type 
functional food ingredients may exert “toxic” pro-oxidant activities. The 
present manuscript gives an overview of especially this pro-oxidative chemistry and 
toxicity of well-known natural antioxidants including vitamin C, vitamin E, carotenoids 
and flavonoids (The pro-oxidant chemistry of the natural antioxidants vitamin C, vitamin 
E, carotenoids and flavonoids.Ivonne M. C. M. Rietjens et al.  Environmental Toxicology 
and Pharmacology.  Volume 11, Issues 3-4, July 2002, Pages 321-333). 

Antioxidant flavonoids 
(listed in order of decreasing potency) 

• Quercetin (a flavonol in vegetables, fruit skins, onions)   
• Xanthohumol (a prenylated chalcone in hops and beer)  
• Isoxanthohumol (a prenylated flavanone in hops and beer)   
• Genistein (an isoflavone in soy)  

Pro-oxidant flavonoids 

• Chalconaringenin (a non-prenylated chalcone in citrus fruits)   
• Naringenin (a non-prenylated flavanone in citrus fruits)  

http://www.sciencedirect.com/science/journal/13826689
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From the Linus Pauling web site. 

1.3.0.3  Prooxidant activity of polyphenolic antioxidant (GSPE) grape seed extract 

Grape seed proanthocyanidin extract (GSPE), a polyphenolic compound with 
antioxidant properties, may protect against cardiac ischemia and reperfusion 
injury. However, its potential toxicity at higher doses is unknown. The authors tested the 
effects of GSPE on reactive oxygen species (ROS) generation, cell survival, lactate 
dehydrogenase (LDH) release, and caspase- 3 activity using chick cardiomyocytes 
incubated with GSPE at 5, 10, 50, 100, or 500 g/mL in medium for 8 h. Exposure to 
increasing concentrations of GSPE (100 or 500 g/mL) resulted in an 
increase in ROS generation and cell death as measured by propidium iodide 
uptake and LDH release. Caspase-3 activity was significantly increased fourfold in cells 
exposed to GSPE 500 g/ mL compared to controls; this was abolished by the selective 
caspase-3 inhibitor Ac-Asp-Gln-Thr-Asp-H (50 M), which also significantly reduced 
the cell death resulting from GSPE (500 g/mL). The antioxidant N-acetylcysteine 
(NAC, 100 M) reduced cell death induced by GSPE (500 g/mL) but failed to 
attenuate caspase-3 activation. Collectively, the authors conclude that higher doses of 
GSPE could cause apoptotic cell injury via effector caspase-3 activation and 
subsequent induction of ROS generation. Consumers may take higher doses 
of dietary supplements in the belief that natural herbs have no major 
side effects. This study demonstrates that dosages of GSPE should be optimized to 
avoid potential harmful pro-oxidant effects (Grape Seed Proanthocyanidins Induce Pro-
Oxidant Toxicity in Cardiomyocytes. Zuo-Hui Shao; et al. Cardiovascular Toxicology, 
Volume 3, Number 4, December 2003 , pp. 331-340(10). 

This goes back to what I have been saying over and over.  Antioxidants can and do 
become prooxidants under varying chemical conditions, i.e., concentration, pH, 
temp. etc.  After all, once antioxidants donate an electron to an oxidant, 
all antioxidants become oxidants.   Basically, antioxidants are free 
radical precursors. 

The presence of free radicals in biological systems may play a protective role in 
etiopathogenesis of many illnesses. 

1.3.0.4  Green tea EGCG activates prooxidant-induced apoptosis 

Green tea, obtained from the dried leaves of the plant C. sinensis, is a popularly 
consumed beverage throughout the world. All true teas may be broadly classified as 
either green tea or black tea. Extensive in vitro cell culture studies, as well as in vivo 
studies in animal models, have verified the cancer chemopreventive effects of green 
tea, and specifically, of its individual polyphenols (Ahmad N, Gupta S, Mukhtar H. 
Green tea polyphenol epigallocatechin-3-gallate differentially modulates nuclear factor 
B in cancer cells versus normal cells. Arch Biochem Biophys 2000;376:338–46).  



Epidemiologic studies, although inconclusive, have suggested that green tea may 
reduce the risks associated with many cancers including bladder, 
prostate, esophagus, and gastric carcinomas (Ahmad N, Feyes DK, Nieminen 
AL, Agarwal R, Mukhtar H. Green tea constituent epigallocatechin-3-gallate and 
induction of apoptosis and cell cycle arrest in human carcinoma cells. J Natl Cancer Inst 
1997;89:1881–6).  

Green tea extract, especially its major polyphenolic component (–)-epigallocatechin-3-
gallate, is capable of inhibiting the growth of a variety of mouse and human cancer cells 
via the induction of apoptosis in vitro (Yang CS, Wang ZY. Tea and cancer (review). J 
Natl Cancer Inst 1993;85:1038–49) (Gupta S, Ahmad N, Nieminen AL, Mulhtar H. 
Growth inhibition, cell-cycle dysregulation, and induction of apoptosis by green tea 
constituent (–)-epigallocatechin-3-gallate in androgen-sensitive and androgen-insensitive 
human prostate carcinoma cells. Toxicol Appl Pharmacol 2000;164:82–90) (Barthelman 
M, Bair WB III, Stickland KK, et al. (–)-Epigallocatechin-3-gallate inhibition of 
ultraviolet B-induced AP-1 activity. Carcinogenesis 1998;19:2201–4).  I believe that this 
is EMOD-induced apoptosis. 

Green tea polyphenol, (–)-epigallocatechin-3-gallate (EGCG), has been shown to 
inhibit cellular proliferation and induce apoptosis of various cancer cells. The aim of 
this study was to investigate the possibility of (–)-epigallocatechin-3-gallate as a novel 
therapeutic agent for the patients with B-cell malignancies including multiple myeloma.  

They investigated the effects of (–)-epigallocatechin-3-gallate on the induction of 
apoptosis in HS-sultan as well as myeloma cells in vitro and further examined the 
molecular mechanisms of (–)-epigallocatechin-3-gallate-induced apoptosis.  

Results: (–)-Epigallocatechin-3-gallate rapidly induced apoptotic cell death in 
various malignant B-cell lines in a dose- and time-dependent manner. (–)-
Epigallocatechin-3-gallate-induced apoptosis was in association with the loss of 
mitochondrial transmembrane potentials ( m); the release of cytochrome c, 
Smac/DIABLO, and AIF from mitochondria into the cytosol; and the activation of 
caspase-3 and caspase-9. Elevation of intracellular reactive oxygen species 
(ROS) production was also shown during (–)-epigallocatechin-3-gallate-
induced apoptosis of HS-sultan and RPMI8226 cells as well as fresh 
myeloma cells. Antioxidant, catalase, and Mn superoxide dismutase significantly 

reduced ROS production and (–)-epigallocatechin-3-gallate-induced apoptosis, 
suggesting that ROS plays a key role in (–)-epigallocatechin-3-gallate-induced 

apoptosis in B cells.  

Furthermore, a combination with arsenic trioxide (As2O3) and (–)-epigallocatechin-3-
gallate significantly enhanced induction of apoptosis compared with As2O3 alone via 

decreased intracellular reduced glutathione levels and increased production of ROS.  This 
is an obvious EMOD-induced form of apoptosis. 



Conclusions: (–)-Epigallocatechin-3-gallate has potential as a novel therapeutic agent for 
patients with B-cell malignancies including multiple myeloma via (EMOD) induction of 
apoptosis mediated by modification of the redox system. In addition, (–)-
epigallocatechin-3-gallate enhanced As2O3-induced apoptosis in human multiple 
myeloma cells (Green Tea Component, Catechin, Induces Apoptosis of Human 
Malignant B Cells via Production of Reactive Oxygen Species. T. Nakazato, K. Ito, Y, I, 
and M. Kizaki. Clinical Cancer Research Vol. 11, 6040-6049, August 15, 2005).  To 
me, the evidence is clear that these so-called antioxidants of green tea 
are functioning as prooxidants and EMOD-induced apoptosis of 
malignant cells and antioxidants are counter to this important event. 

In fact, epidemiologic studies have shown that green tea consumption can reduce the 

incidence of cancer and metastases (Ahmad N, Feyes DK, Nieminen AL, Agarwal R, 
Mukhtar H. Green tea constituent epigallocatechin-3-gallate and induction of apoptosis 
and cell cycle arrest in human carcinoma cells. J Natl Cancer Inst 1997;89:1881–6).  

Green tea has unique characteristics as an agent, possessing few adverse effects. In 
addition, it is inexpensive, can be orally consumed, and has a long history as a beverage 
of general tolerance among all races. Therefore, green tea seems to have the potential of 
becoming an ideal agent for chemoprevention (Lepley DM, Li B, Birt DF, Pelling JC. 
The chemopreventive flavonoid apigenin induces G2/M arrest in keratinocytes. 
Carcinogenesis 1996;17:2367–75). 

The production of reactive oxygen species (ROS) is a common mechanism in one of 
the representative pathways of apoptosis (Troyano A, Fernandez C, Sancho P, de Blas 
E, Aller P. Effect of glutathione depletion on antitumor drug toxicity (apoptosis and 
necrosis) in U937 human promyelocytic cells. J Biol Chem 2001;276:47107–15) 

Oxidant and its compounds are capable of depleting reduced glutathione (GSH) or 
damaging the cellular antioxidant defense system and can directly induce apoptosis 

(Sergediene E, Jönsson K, Szymusiak H, Tyrakowska B, Rietjens IMCM, Cenas N. 
Prooxidant toxicity of polyphenolic antioxidants to HL-60 cells: description of 
quantitative structure-activity relationship. FEBS Lett 1999;462:392–6).  

(–)-Epigallocatechin-3-gallate is generally well known as an antioxidant; however, it can 
also behave as a pro-oxidant under certain conditions (Ahmad N, Feyes DK, Nieminen 
AL, Agarwal R, Mukhtar H. Green tea constituent epigallocatechin-3-gallate and 
induction of apoptosis and cell cycle arrest in human carcinoma cells. J Natl Cancer Inst 
1997;89:1881–6) (Grad JM, Bahlis NJ, Reis I, Oshiro MM, Dalton WS, Boise LH. 
Ascorbic acid enhances arsenic trioxide-induced cytotoxicity in multiple myeloma 
cells. Blood 2001;98:805–13).   

Several investigators have reported that (–)-epigallocatechin-3-gallate-induced 

apoptosis is often associated with the generation of ROS, EMODs (Ahmad N, Feyes 
DK, Nieminen AL, Agarwal R, Mukhtar H. Green tea constituent epigallocatechin-3-
gallate and induction of apoptosis and cell cycle arrest in human carcinoma cells. J Natl 



Cancer Inst 1997;89:1881–6) (Nam S, Smith DM, Dou QP. Ester bound-containing tea 
polyphenols potently inhibit proteasome activity in vitro and in vivo. J Biol Chem 
2001;276:13322–30). 

Recently, arsenic trioxide (As2O3) was reported to inhibit the proliferation of human 
myeloma cells by induction of apoptosis via intracellular production of ROS 
(EMODs) (Miller WH, Jr., Schipper HM, Lee JS, Singer J, Waxman S. Mechanism of 
action of arsenic trioxide. Cancer Res 2002;62:3893–903).  

It has also been reported that GSH is an inhibitor of As2O3-induced cell death either 
through conjugating As2O3

 or sequestering ROS induced by As2O3 (Dai J, Weinberg 
RS, Waxman S, Jing Y. Malignant cells can be sensitized to undergo growth inhibition 
and apoptosis by arsenic trioxide through modulation of the glutathione redox system. 
Blood 1999;93:268–77) (Green DR, Reed JC. Mitochondria and apoptosis. Science 
1998;281:1309–12).  

Several investigations suggested that ascorbic acid decreases cellular GSH 
levels and potentiates As2O3-induced cell death of As2O3-resistant 
myeloma cells (Miller WH, Jr., Schipper HM, Lee JS, Singer J, Waxman S. 
Mechanism of action of arsenic trioxide. Cancer Res 2002;62:3893–903).  

Therefore, I believe that (–)-epigallocatechin-3-gallate-induced apoptosis in myeloma 
cells is enhanced by As2O3 via production of intracellular EMODs.  The same is true 
for arsenic trioxide and ascorbic acid.  It is also important to point out the fact that 
antioxidants block the killing ability of EMODs. 

1.3.0.5  Black tea antioxidants show no impact on cardiovascular risk factors 

It is commonly believed that polyphenol antioxidants, found in tea, have a variety of 
health benefits, including cardiovascular benefits. However, randomized trials to date 
have yielded mixed results on the effects of tea on cardiovascular risk factors. 

To address inconsistencies in previous studies and to determine if there are effects of 
moderate tea drinking on cardiovascular risk factors, Kenneth J. Mukamal, M.D., M.P.H, 
M.A., and colleagues conducted a small, six-month, randomized clinical trial. The study 
included 28 adults, 55 years and older, who were at an increased risk for cardiovascular 
disease. 

Researchers compared two groups of 14 participants, who were assigned to drink three 
glasses daily of either a standardized black tea preparation or water. After six months, 
research data showed that there were no significant differences between the tea 
group and the water group on advanced cardiovascular risk biomarkers, such as 
metabolic factors, lipid levels, markers of inflammation, and systolic blood pressure. 

It should be noted that not all pathways to cardiovascular disease were measured in the 
study. Also, although the black tea used in the study contained ample polyphenol content, 



doses given to participants were smaller than in some previous studies. The researchers 
believe their study is the longest such trial conducted to date, but concluded that 
confirmation of the effects of black tea on cardiovascular risk will require larger and 
longer studies in more diverse populations (Kenneth J. Mukamal, M.D., M.P.H., M.A., 
Kristen McDermott, R.N., Joe A. Vinson, Ph.D., et al. A 6-Month Randomized Pilot 
Study of Black Tea and Cardiovascular Risk Factors. American Heart Journal, October 
2007).  

 

 

1.3.1.0  Risks and safety of polyphenol (antioxidants: isoflavones, etc.) 
consumption 

Some of the following was excerpted, abstracted or modified from:  (DIETARY 
POLYPHENOLS AND HEALTH: PROCEEDINGS OF THE 1ST INTERNATIONAL 
CONFERENCE ON POLYPHENOLS AND HEALTH. Risks and safety of polyphenol 
consumption. Louise I Mennen, Ron Walker, Catherine Bennetau-Pelissero and Augustin 
Scalbert. American Journal of Clinical Nutrition, Vol. 81, No. 1, 326S-329S, January 
2005). 

This article gives an overview of the potential hazards of polyphenol consumption, as 
reported during the round-table discussion at the 1st International Conference on 
Polyphenols and Health, held in Vichy, France, November 2003. Adverse effects of 
polyphenols have been evaluated primarily in experimental studies. It is known, for 
example, that certain polyphenols may have carcinogenic/genotoxic effects or may 
interfere with thyroid hormone biosynthesis.  

Isoflavones are of particular interest because of their estrogenic activity, for which 
beneficial as well as detrimental effects have been observed. Furthermore, 
consumption of polyphenols inhibits nonheme iron absorption and may 
lead to iron depletion in populations with marginal iron stores.  

Finally, polyphenols may interact with certain pharmaceutical agents and enhance their 
biologic effects. It is important to consider the doses at which these effects occur, in 
relation to the concentrations that naturally occur in the human body. Future studies 
evaluating either beneficial or adverse effects should therefore include relevant forms and 
doses of polyphenols and, before the development of fortified foods or supplements with 
pharmacologic doses, safety assessments of the applied doses should be performed.  

In the past few decades, accumulating data have shown potential beneficial effects of 
polyphenols (1, 2). This has sometimes led to overestimation of the current knowledge 
regarding their effects, with disregard for the fact that some polyphenol-rich foods were 
previously considered to be inedible (soy, for example). These studies have stimulated 
additional research, focusing on the health effects of polyphenol-rich foods, specific 

http://www.ajcn.org/cgi/content/full/81/1/326S?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=pomegranate&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT
http://www.ajcn.org/cgi/content/full/81/1/326S?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=pomegranate&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT


phenolic compounds, or supplementation with a combination of several types of 
polyphenols. When extensive food composition tables for polyphenols become available, 
thorough observational epidemiologic studies can be carried out, potentially confirming 
the encouraging results of the mainly experimental data reported to date. Small-scale 

human intervention trials may even be planned to verify effects on surrogate endpoints of 
disease. Before we enter that stage, however, we must examine the potential adverse 
effects of polyphenols. With the disappointing results of the intervention trials with ß-
carotene supplementation in mind, we need to consider the fact that polyphenols may, 
in specific populations, have effects opposite those we desire. In other words, the safety 

of elevated intakes cannot be assumed (Alpha-Tocopherol Beta-Carotene Cancer 
Prevention Study Group. The effect of vitamin E and ß-carotene on the incidence of lung 
cancer and other cancers in male smokers. N Engl J Med 1994;330:1029–35).  I believe 
that to say that the beta carotene results were “disappointing” is 
disingenuous, misleading and untruthful and they should clearly point 
out the increased risk for cancer in these patients.  It is only 
disappointing to those doing the study and those selling these dangerous 
products.  It is tragic for the patients who developed lung cancer due to 
the injudicious use of these antioxidants. 

INTAKE  

In the recommendations made by companies selling various nutritional supplements rich 
in polyphenols, some recommend the consumption of 50 mg/d isoflavones or 100–300 
mg/d grape seed extracts rich in proanthocyanidins. These intake levels are close to those 
derived from the consumption of soy products in Japan or of grapes or wine in some 
European countries (Scalbert A, Williamson G. Dietary intake and bioavailability of 
polyphenols. J Nutr 2000;130:2073S–85S) (Manach C, Scalbert A, Morand C, Rémésy 
C, Jimenez L. Polyphenols: food sources and bioavailability. Am J Clin Nutr 
2004;79:727–47).  

However, some supplement manufacturers recommend intakes far higher than those 
currently associated with the diet. Tablets or capsules containing 300 mg quercetin, 1 g 
citrus flavonoids, or 20 mg resveratrol, with suggested use of 1-6 tablets or capsules per 

day, are commonly found on the Internet. This would result in intakes 100 times higher 
than the common intakes in a Western diet.  

Furthermore, some of these supplements may appear safe when isolated from food plants, 
but the method of extraction used to produce the supplements may influence the 
nature of the compounds ingested and thus the safety of the product. This occurred 
with a hydroalcoholic extract of tea buds, sold as a slimming supplement, which was 
withdrawn from the market because of severe cases of liver toxicity (Agence 
Française de Securite Sanitaire Produit de Sante. Suspension de l'autorisation de mise sur 
le marché de la spécialité pharmaceutique Exolise (gallate d'épigallocatéchol). 
(Suspension of the autorisation to put the pharmaceutical specialty Exolise 
(epigallocatechol gallate) on the market.) Internet: 



http://agmed.sante.gouv.fr/htm/10/filcoprs/030401.htm (accessed 4 February, 2004) (in 
French).  

RISK ASSESSMENT AND SAFETY EVALUATION  

This takes us directly to the problem of risk assessment and safety evaluation. Hazard, 
risk, and safety are different issues, each of which should be considered .  

Terms used in risk assessments and safety evaluations  

Term Definition 

 

Hazard Potential for causing adverse effects 

Risk Probability that adverse effects will occur at a specified dose/level 

Safety Practical certainty that no adverse effects will be observed 
 

 
A thorough risk assessment for polyphenols is complicated, not only because so many 
different compounds exist but also because not all necessary tools are currently available. 
Although hazards may be identified and characterized, no exposure assessment (i.e., 
known/proposed intake) can be made, because of missing food composition data. 
Assessment of exposure through the measurement of biomarkers has also proved 
difficult, because metabolic specificity among populations and individuals may exist 
and techniques for simple measurements of such biomarkers and corresponding 
validity data are mostly lacking. It is therefore extremely difficult to know whether 
proposed intakes are safe or what the likely risks are with those intakes. Several 
undesirable effects of different phenolic compounds have been observed and are 
described here, as an example of hazard identification. These were also discussed during 
the round-table discussion at the 1st International Conference on Polyphenols and Health, 
but the list of effects is not exhaustive.  

Hazards related to polyphenols  

Hazard 

 

Carcinogenicity/genotoxicity 

Thyroid toxicity 

Estrogenic activity of isoflavones 

Antinutritional effects 

http://agmed.sante.gouv.fr/htm/10/filcoprs/030401.htm


Interactions with pharmaceuticals 
 
 
HAZARD IDENTIFICATION FOR POLYPHENOLS  

Most studies of polyphenols aimed to determine the protective effects of polyphenols 
against diseases or toxic drugs, and relatively few investigators have examined their 
possible toxicity. No acute toxicity was observed after oral administration of a grape seed 
proanthocyanidin extract at a dose of 0.5 or 2 g/kg body weight to rats or mice (Ray S, 
Bagchi D, Lim PM, et al. Acute and long-term safety evaluation of a novel IH636 grape 
seed proanthocyanidin extract. Res Commun Mol Pathol Pharmacol 2001;109:165–97) or 
after administration of punicalagin (an ellagitannin present in pomegranate juice) at a 
dose of 60 g/kg diet to rats (Cerda B, Ceron JJ, Tomas-Barberan FA, Espin JC. Repeated 
oral administration of high doses of the pomegranate ellagitannin punicalagin to rats for 
37 days is not toxic. J Agric Food Chem 2003;51:3493–501).  

However, chronic nephropathy was observed in rats when high doses of quercetin 
(2% or 4%) were added to their diet (Dunnick JK, Hailey JR. Toxicity and 
carcinogenicity studies of quercetin, a natural component of foods. Fundam Appl Toxicol 
1992;19:423–31).  

No effect on survival times was observed in that study, whereas addition 
of quercetin (0.1%) to the diet of mice significantly reduced their life 
expectancy (Jones E, Hughes RE. Quercetin, flavonoids and the life-span of mice. Exp 
Gerontol 1982;17:213–7).  

Some polyphenols may have carcinogenic or genotoxic effects at high 
doses or concentrations (Hirose M, Takesada Y, Tanaka H, Tamano S, Kato T, 
Shirai T. Carcinogenicity of antioxidants BHA, caffeic acid, sesamol, 4-methoxyphenol 
and catechol at low doses, either alone or in combination, and modulation of their effects 
in a rat medium-term multi-organ carcinogenesis model. Carcinogenesis 1998;19:207–
12) (Snyder RD, Gillies PJ. Evaluation of the clastogenic, DNA intercalative, and 
topoisomerase II-interactive properties of bioflavonoids in Chinese hamster V79 cells. 
Environ Mol Mutagen 2002;40:266–76) (Catterall F, Souquet JM, Cheynier V, et al. 
Differential modulation of the genotoxicity of food carcinogens by naturally occurring 
monomeric and dimeric polyphenolics. Environ Mol Mutagen 2000;35:86–98).  

Caffeic acid, for example, when present at a 2% level in the diet, 
induced forestomach and kidney tumors in rats and mice (Hagiwara A, 
Hirose M, Takahashi S, Ogawa K, Shirai T, Ito N. Forestomach and kidney 
carcinogenicity of caffeic acid in F344 rats and C57BL/6N x C3H/HeN F1 mice. Cancer 
Res 1991;51:5655–60).  

Linear extrapolation of these data indicates appreciable risk at normal dietary levels. 
Furthermore, catecholestrogens are postulated to mediate induction of renal tumors 



by estradiol. Quercetin inhibits O-methylation of catecholestrogens and increases 
kidney concentrations of 2- and 4-hydroxyestrodiol by 60-80%. This may result in 
enhanced redox cycling of catecholestrogens and estradiol-induced 
tumorigenesis (Zhu BT, Liehr JG. Inhibition of catechol O-methyltransferase-
catalyzed O-methylation of 2- and 4-hydroxyestradiol by quercetin: possible role in 
estradiol-induced tumorigenesis. J Biol Chem 1996;271:1357–63) (Zhu BT, Liehr JG. 
Quercetin increases the severity of estradiol-induced tumorigenesis in hamster kidney. 
Toxicol Appl Pharmacol 1994;125:149–58).  

It is possible that the genotoxic effects observed in vitro may be attributable to the high 
concentrations used, at which polyphenols may become prooxidants (Sakihama 
Y, Cohen MF, Grace SC, Yamasaki H. Plant phenolic antioxidant and prooxidant 
activities: phenolics-induced oxidative damage mediated by metals in plants. Toxicology 
2002;177:67–80).  

The formation of glutathionyl quercetin adducts has been shown in tyrosinase-rich B16F-
10 melanoma cells and in the myeloperoxidase-rich human HL-60 cell line, which 
provides important evidence for the prooxidative metabolism of quercetin in cellular 
in vitro models (H van der Woude, personal communication at the 1st International 
Conference on Polyphenols and Health, 2003) (Awad HM, Boersma MG, Boeren S, et al. 
Identification of O-quinone/quinone methide metabolites of quercetin in a cellular in 
vitro system. FEBS Lett 2002;520:30–4).  

This also suggests that tissues rich in oxidative enzymes may be particularly vulnerable to 
the prooxidant toxicity of quercetin. Finally, green tea catechins (1% or 0.1% of 
the diet) have been found to enhance tumor development in the colon of 
F344 male rats and, although quercetin may decrease cancer cell 
proliferation at high doses, it has been found to stimulate cell 
proliferation at low doses (1–5 µmol/L) (Hirose M, Hoshiya T, Mizoguchi Y, 
Nakamura A, Akagi K, Shirai T. Green tea catechins enhance tumor development in the 
colon without effects in the lung or thyroid after pretreatment with 1,2-dimethylhydrazine 
or 2,2-dihydroxy-di-n-propylnitrosamine in male F344 rats. Cancer Lett 2001;168:23–9) 
(van der Woude H, Gliszczynska-Swiglo A, Struijs K, Smeets A, Alink GM, Rietjens IM. 
Biphasic modulation of cell proliferation by quercetin at concentrations physiologically 
relevant in humans. Cancer Lett 2003;200:41–7).  

In common with synthetic antioxidants, several flavonoids can inhibit thyroid 
peroxidase and interfere with thyroid hormone biosynthesis (free radical iodination) 
(Ferreira AC, Lisboa PC, Oliviera KJ, Lima LP, Barros IA, Carvalho DP. Inhibition of 
thyroid type 1 deiodinase activity by flavonoids. Food Chem Toxicol 2002;40:913–7) 
(Doerge DR, Sheehan DM. Goitrogenic and estrogenic activity of soy isoflavones. 
Environ Health Perspect 110(suppl 3):349-53, 2002).  

When vitexin, a C-glycosylflavone abundant in millet, was administered to rats, it 
increased thyroid weight and decreased the plasma levels of thyroid hormones (Doerge 



DR, Chang HC. Inactivation of thyroid peroxidase by soy isoflavones, in vitro and in 
vivo. J Chromatogr B Anal Technol Biomed Life Sci 2002;777:269–79).  

This is thought to be one of the causes of endemic goiter in West Africa, where millet 
is a staple food. Furthermore, a reduction of thyroid peroxidase activity was observed 
in rats fed a diet supplemented with genistein (Chang HC, Doerge DR. Dietary 
genistein inactivates rat thyroid peroxidase in vivo without an apparent hypothyroid 
effect. Toxicol Appl Pharmacol 2000;168:244–52) (Fort P, Moses N, Fasano M, 
Goldberg T, Lifshitz F. Breast and soy-formula feedings in early infancy and the 
prevalence of autoimmune thyroid disease in children. J Am Coll Nutr 1990;9:164–7).  

These effects of genistein on thyroid function are more pronounced in cases of iodine 
deficiency. This is of particular concern for babies exposed to particularly high doses 
of isoflavones through soy feeding (Munro IC, Harwood M, Hlywka JJ, et al. Soy 
isoflavones: a safety review. Nutr Rev 2003;61:1–33).  

Among adults, however, 2 clinical studies failed to show significant effects on thyroid 
hormones after consumption of isoflavone-containing soy proteins for 3-6 mo (Duncan 
AM, Underhill KEW, Xu X, LaValleur J, Phipps WR, Kurzer MS. Modest hormonal 
effects of soy isoflavones in postmenopausal women. J Clin Endocrinol Metab 
1999;84:3479–84) (Persky VW, Turyk ME, Wang L, et al. Effect of soy protein on 
endogenous hormones in postmenopausal women. Am J Clin Nutr 2002;75:145–53).  

Isoflavones are a family of polyphenols that are distinctive because of their estrogen-
like activity. (RMH Note:  Please remember that estrogen is an antioxidant.) It is 
because of this activity that they may have beneficial as well as adverse effects. 

Total plasma isoflavone levels are generally between 0.05 and 5 µmol/L even in Asian 
populations, which represent consumers of large amounts of isoflavone-rich products 
such as soy. The intake from a Western diet is estimated as 0.2-5 mg/d, whereas a 
traditional Asian diet delivers 20-120 mg isoflavones/d. These levels of intake were 
deemed safe in a comprehensive review, although sufficient data to draw conclusions 
regarding effects on cancer or neurologic diseases were lacking.  

High intakes have been associated with reduced fertility in animals and 
with anti-luteinizing hormone effects among premenopausal women 
(Hughes CL. Phytochemical mimicry of reproductive hormones and modulation of 
herbivore fertility by phytoestrogens. Environ Health Perspect 1988;78:171–4) 
(Bennetau-Pelissero C, Breton BB, Bennetau B, et al. Effect of genistein-enriched diets 
on the endocrine process of gametogenesis and on reproduction efficiency of the rainbow 
trout Oncorhynchus mykiss. Gen Comp Endocrinol 2001;121:173–87) (Cassidy A, 
Bingham S, Setchell KDR. Biological effects of a diet of soy protein rich in isoflavones 
on the menstrual cycle of premenopausal women. Am J Clin Nutr 1994;60:333–40).  

Furthermore, concerns have been expressed regarding sexual maturation of infants 
receiving very high levels of isoflavones in soy-based infant formula (Setchell KDR, 



Zimmer-Nechemias L, Cai J, Heubi JE. Exposure of infants to phyto-oestrogens from 
soy-based infant formula. Lancet 1997;350:23–7) (Mendez MA, Anthony MS, Arab L. 
Soy-based formulae and infant growth and development: a review. J Nutr 
2002;132:2127–30).  

This is of particular importance for baby boys, who normally exhibit luteinizing hormone 
secretion between birth and 6 mo of age. It is therefore important to note that beneficial 
effects of isoflavones on the development of cancer through the inhibition of certain 
enzymes have been observed at levels that are all much higher (some >20 times higher) 
than those observed normally in human plasma. At these levels, isoflavones may have 
antiandrogenic effects, influence male and female fertility and sexual development in 
utero and after birth, and induce testicular atrophy (Nagao T, Yoshimura S, Saito Y, 
Nakagomi M, Usumi K, Ono H. Reproductive effects in male and female rats of neonatal 
exposure to genistein. Reprod Toxicol 2001;15:399–411) (Wisniewski AB, Klein SL, 
Lakshmanan Y, Gearhart JP. Exposure to genistein during gestation and lactation 
demasculinizes the reproductive system in rats. J Urol 2003;169:1582–6) (Delclos KB, 
Bucci TJ, Lomax LG, et al. Effects of dietary genistein exposure during development on 
male and female CD (Sprague-Dawley) rats. Reprod Toxicol 2001;15:647–63).  

Consumption of polyphenols may also have antinutritional effects. The inhibition of 
nonheme iron absorption attributable to simultaneous tea consumption is well 
known; high consumption of polyphenols may increase the risk of iron depletion in 
populations of individuals with marginal iron status (Temme EHM, van Hoydonck PG. 
Tea consumption and iron status. Eur J Clin Nutr 2002;56:379–86).  

Important in this respect is the fact that major sources of polyphenols, such as coffee, tea, 
and wine, which are regularly consumed with meals, do not contain vitamin C, 
which is an enhancer of nonheme iron absorption (Zijp IM, Korver O, Tijburg LBM. 
Effect of tea and other dietary factors on iron absorption. Crit Rev Food Sci Nutr 
2000;40:371–98).  

Furthermore, proanthocyanidins (condensed tannins) and ellagitannins have been 
considered antinutritional compounds, particularly in animal nutrition, because they 
are able to interact with proteins and inhibit several enzymes. They affected growth and 
digestibility in rats when added to the diet at a high dose (10 g/kg diet) but not at a lower 
dose (Santos-Buelga C, Scalbert A. Proanthocyanidins and tannin-like compounds: 
nature, occurrence, dietary intake and effects on nutrition and health. J Sci Food Agric 
2000;80:1094–117).  

Consumption of proanthocyanidin-rich fava beans by Egyptian boys reduced the net 
protein utilization, which was restored with dehulling of the beans. It should be noted that 
these particular effects are unlikely to occur with regular Western diets, which are 

characterized by a much lower tannin intake.  

Finally, polyphenols may affect drug bioavailability and pharmacokinetics. Some drugs, 
such as benzodiazepines and terfenadine, show up to 3-fold increases in 



bioavailability with grapefruit juice (rich in naringenin), because of inhibition of 
CYP3A4 (Veronese ML, Gillen LP, Burke JP, et al. Exposure-dependent inhibition of 
intestinal and hepatic CYP3A4 in vivo by grapefruit juice. J Clin Pharmacol 
2003;43:831–9). These effects, which may be attributable in part to psoralens as well as 
naringenin, are clinically significant in the case of cyclosporine, because of a narrow 
therapeutic range (eg, when used after organ transplants).  

Most of these effects have been shown in in vitro or animal studies, and it has not been 
proved that these effects also occur among humans. Intakes from habitual diets are 
usually lower than the doses used in these studies, and the food matrix may also influence 
the effects of polyphenols, which may explain why observational epidemiologic studies 
have not shown, for example, any carcinogenic effects of polyphenols to date (Hertog 
MGL, Hollman PCH, Katan MB, Kromhout D. Intake of potentially anticarcinogenic 
flavonoids and their determinants in adults in the Netherlands. Nutr Cancer 1993;20:21–
9) (although this is probably also attributable to lack of accurate exposure assessment and 
residual confounding). However, we must take the results of the experimental studies 
seriously, as seriously as we take the beneficial effects.  

Therefore, the known carcinogenic and endocrine system-disrupting 
effects of certain polyphenols in animals make human trials with high 
doses of these polyphenols unethical.  

CONCLUSIONS  

It is clear from the aforementioned findings that, in evaluations of experimental studies, 
we must look carefully at the doses used. In the 17th century, Paracelsus said, "All 
substances are poisons, there is none which is not a poison. It is the dose that 
distinguishes a poison from a remedy." A dose that produces a beneficial effect in cell 
cultures may be poisonous when applied in a human setting. Alternatively, a dose used in 
an experimental study may never occur in a human setting, because consumption never 
reaches the same level, because the bioavailability is very low, or because the appropriate 
dose never reaches the target site. The form of the phenolic compound is also 
important, because phenolic compounds occur in food mainly as conjugated 
compounds and the substances occurring in plasma and tissues are mainly 
mammalian conjugates, except for certain isoflavones and flavonols. All of these 
aspects must be taken into account in the design of future experimental studies in the field 
of polyphenols; there is a need to try to model the human situation more closely, 
irrespective of whether studies are aimed at evaluating beneficial or adverse effects.  

Finally, it must be pointed out that exposure levels depend on the mode of presentation of 
the polyphenols. The risk of consuming high doses of polyphenols from naturally 
polyphenol-rich foods is low, but we must take into account the negative effects of 
other ingredients in these foods, such as cholesterol-increasing fats in coffee, alcohol 
in wine, and fat in chocolate.  



Foods can be fortified with polyphenols, but we must be sure that they are consumed 
by the target populations for which they are designed and not by populations that 
are potentially at risk, such as children and pregnant women.  

Dietary supplements that contain high (ie, pharmacologic) doses of polyphenols can be 

developed. The intake of polyphenols may then easily reach very high levels; in such 
cases, toxicologic testing may be required to ensure safe levels of intake. In this respect, a 
recent report on the assessment of the safety of botanicals and botanical preparations for 
use in food and food supplements might very well apply to the field of polyphenols (57). 

The type of safety evaluation would depend on the nature of the polyphenol-containing 

product (a food, a food extract, or a pure compound) and on the proposed use potentially 
leading to a significant increase in exposure.  

Before human intervention trials are designed to evaluate the effects of polyphenols on 
chronic diseases, with the use of fortified foods or supplements (with either nutritional or 
pharmacologic doses of polyphenols), a safety assessment of the applied dose should be 
performed, to prevent unethical studies from being conducted. Before we reach that stage, 
however, we need to accumulate substantial data from in vitro, animal, and observational 
epidemiologic studies with only relevant forms and doses, to ascribe a potential beneficial 
effect to total or specific polyphenol intake.  

1.3.1.1  Immune function and EMODs 

I have asked myself, “If immunocompentence requires oxidation, will hypoxia cause 
immune deficiency?”   

Fetal hypoxia in the II trimester of pregnancy caused immunodeficiency in newborn 
mice: inhibition of antibody production to sheep erythrocytes and disturbances in 
migration of early hemopoietic precursors from the bone marrow to the spleen (Effects of 
prenatal hypoxia on the formation of immune deficiency in newborn mice. 
V. Yu. Matrosova et al. Bulletin of Experimental Biology and Medicine. Vol. 129, No. 6, 
pp. 664–666, June, 2000). 

Ischemia, caused by occlusion of blood vessels or insufficient blood flow to organs, 
occurs in a wide variety of pathological conditions (e.g., severe hemmorhage, acute 
infarcts, intestinal injury, low flow states and circulatory shock, trauma, burns, solid 
tumors). It results in local cellular hypoxia and tissue damage. 

1.3.1.2 Antioxidants 

Experts urge caution with dietary supplements because anticipated 
benefits of antioxidant vitamin use, once widely thought to prevent 
cancer, heart disease and strokes, have failed to live up to their 
expectations when put to rigorous testing. 

http://www.ajcn.org/cgi/content/full/81/1/326S?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=pomegranate&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT
http://www.springerlink.com/content/106460/?p=5ed34f49c27c422ea2fe4abd6e9ea0aa&pi=0


Newspaper or television interviews and advertisements, concerning antioxidant 
vitamins, contain statements that are far more positive than warranted by the trial 
study results. Frequently, benefits from these antioxidant vitamins in these reports 
or advertisements are overstated. 
 
Relative to statin drugs, a systematic search of the Cochrane Database of Systematic 
Reviews, considered by many to be the most objective medical science reporting of all, 
showed that all of the industry-funded meta-analyses of drugs recommended the 
experimental drug without reservations, while none of the Cochrane reviews did so, 
even though the estimated treatment effects were the same in both cases (Jørgensen AW, 
Hilden J, Gøtzsche PC. Cochrane reviews compared with industry supportedmeta-
analyses and other meta-analyses of the same drugs: systematic review. 
doi:10.1136/bmj.38973.444699.0B (Oct 6, 2006).  Peter C. Gotzsche at the Nordic 
Cochrane Center in Copenhagen, a coauthor of the meta-analyses report, said in an 
interview that he would now ignore any meta-analyses funded by drug companies  
(Anon. Upfront: calling the tune. New Scientist 2006;192(2573):6).  I feel that the same 
thing can be said for studies of antioxidants that are sponsored by manufacturers, 
distributors or retailers of these same products. 

Many tell you that antioxidant vitamins are completely safe but will you 
bet your life on it?   R. Howes M.D., Ph.D.  10/31/07  Oh, please.  Your tissue-paper 
feelings just don't matter. 

1.3.1.3 Comment of Balz Frei 

Dietary supplements are a $22 billion largely unregulated business in the U.S. 

For a lab test of mangosteen, The Associated Press shipped a 750-milliliter bottle of 
XanGo to Oregon State University's Linus Pauling Institute at Corvallis. The institute 
measured its antioxidant strength against store-bought juices that sell for a few dollars a 
bottle. 

On a scale of molecular weight, XanGo's antioxidants measured 14,884 "micromoles" per 
liter — slightly higher than cranberry juice, but lower than black cherry and less than half 
the power of blueberry juice. Apple juice finished last in this test. 

"In terms of its antioxidant capacity, XanGo is in the middle of the pack," said Balz Frei, 
the institute's director and chairman. 

Antioxidants are substances added to many foods and even soap in the belief they 
can slow down the (alleged) damage oxidation can do to cells. 

Frei and other scientists emphasize that antioxidants haven't been 
shown to actually work inside the human body. Antioxidants are known to 
work in test tubes, but stomach acids could neutralize them before they can get to 
work destroying any cell-damaging free-oxygen radicals. 



"You have a fruit that's very complicated, with a lot of chemicals in it," said Mike Pugh, 
who dismissed antioxidant ratings as a "numbers game." He said the type of 
antioxidants can be more important.  

"The FDA takes seriously its responsibility to protect Americans from unsafe dietary 
supplements," said Margaret Glavin, FDA's Associate Commissioner of the Office of 
Regulatory Affairs. 
 
1.3.1.4  Failed antioxidant studies of Brown et al.  
 
Claims that antioxidants supplements have therapeutic benefits are scientifically  
unjustified at present. Antioxidants activity determined in vitro may not be relevant in 
vivo, antioxidant nutrients have many functions, and may act through other mechanisms 
rather than as antioxidants. Prevention of disease through dietary supplementation may  
be a worthwhile objective, but dose response data are required to evaluate pharmacologic  
and toxicologic effects. The promotion of antioxidants as therapeutic agents is  
inappropriate when their efficacy is unproven and their toxicology uncertain. It is much  
more realistic to envisage claims that a wide variety of plant derived food might be 
protective against excess oxidant activity whilst retaining the required level of such 
activity for defence against infection (Antioxidant nutrients: beneficial or harmful?, T. I. 
Mbata. Internet Journal of Food Safety V (7): 29-33) 
 
Brown et al. stated that oxidized LDL has provided an attractive (but failed) hypothetical 
therapeutic target.  The perception flourished that lipid lowering and antioxidant therapy 
were 2 independent avenues for cardiovascular protection. Many medical practitioners 
and the public accepted, without full proof, the promise of efficacy of this "natural" 

combination of preventive strategies. Other leaders in this area, especially me, have 
adopted the more skeptical posture, ie, waiting for the prospective clinical trials. 
 
The antioxidant hypothesis spawned a number of large clinical trials whose results were 
reported between 1994 and 2000.  The conclusions of these studies, briefly 
summarized (Table 1), are as follows: (1) There is little or no cardiovascular benefit 
from vitamin E in the dose ranges studied. (2) There is no cardiovascular benefit 
from ß-carotene. (3) There is no cancer benefit from vitamin E, and at least in 
smokers over the short term, new cancer risk may increase with ß-carotene  
(Antioxidant Vitamins and Lipid Therapy. End of a Long Romance? B. Greg Brown; 
Marian C. Cheung; Andrew C. Lee; Xue-Qiao Zhao; Alan Chait. Arteriosclerosis, 
Thrombosis, and Vascular Biology. 2002;22:1535). 
 
Table 1. Randomized, Placebo-Controlled Prospective Trials Evaluating 
Cardiovascular Event Prevention With Antioxidant Vitamins E and ß-Carotene, 
and With Higher Dose Vitamin Combinations  

Type  
 

Dose  

Cardiovascular Endpoints*  



   
Event  

 

Relative 
Risk  

 

95% 
CI  

Studies of 
vitamin E 

   

    ATBC22 1ry 29 133 6.1 67 IU CVD 0.95 NA 
    GISSI-IV21 2ry 8488 3.5 300 IU CVD/I 0.98 0.87–

1.10
    HOPE20 2ry 9541 4.5 400 IU CVD/I 1.05 0.95–

1.16
    CHAOS23 2ry 2002 1.4 400–800 IU CVD, MI 0.53 0.34–

0.83
   CVD 1.18 0.62–

2.27
Studies of ß-
carotene 

     

    ATBC22 1ry 29 133 6.1 50 mg CVD 1.12 NA 
    HAR-HPS24 1ry 22 071 12.0 50 mg qod CVD/I 1.00 0.91–

1.09
    CARET 1ry 18 314 4.0 30 

mg+25,000 
IU RP 

CVD 1.26 0.99–
1.61

Studies of 
combined 
antioxidant 
vitamins 

     

    HATS35 2ry 160 3.0 E 80IU C 
1000 mg 

CVD/I/Rev 1.38 NA 

  ß-Carotene 
25 mg 

   

  Selenium 
100 µg 

   

    OX-HPS141 "High 
Risk" 

20 536 5.0 E 600 mg CAD/MI 1.02 0.92–
1.17

  C 250 mg CVD 1.05 0.96–
1.15

  ß-Carotene 
15 mg 

   



*Cardiovascular events, their relative risk for the given composite event in the 
treatment group relative to control (<1.0 favors treatment), and the 95% confidence 
intervals are provided in these columns. The composite endpoints are the intention-to-
treat occurrence of the first event in a given patient of: CVD indicates cardiovascular 
death (all cardiovascular causes); CVD/I, cardiovascular death or nonfatal infarct 
(cerebral or myocardial); CAD/MI, coronary death or MI; CVD/I/Rev, CVD/I or 
revascularization (PTCA, STENT, CABG) for progressive or unstable angina; RP, 
retinyl palamate.  

 
The large prospective trials (see Table 1) do not demonstrate any benefit from individual 
antioxidant vitamins given without lipid therapy. 
 
The HATS trial showed no significant benefit from the vitamin cocktail given alone; 
furthermore, the combined therapies interacted adversely, actually detracting from the 
benefits of lipid therapy. The recently published Heart Protection Study, which 
compared antioxidant vitamins versus their placebos in a factorial design with 
simvastatin (40 mg QD) versus its placebo, showed no cardiovascular (or 
nonvascular) benefit from a combination of vitamins similar to the combinations in 
HATS. Indeed, there were small but highly significant in-treatment differences between 
the antioxidant vitamin and antioxidant placebo groups in LDL-C, TG, and HDL-C levels 
(P<0.0001), predictably favoring placebo, and there was a nonsignificant trend (P=0.3) 
toward a 5% cardiovascular mortality increase (see Table 1).   
 
Thus, the totality of evidence for currently studied antioxidant vitamins demonstrates that 
they are of no benefit to the general population at high or at low cardiovascular risk 
when taken for the prevention of native vascular disease (or cancer); other proposed 
special indications require further prospective proof of benefit. Indeed, by creating a 
diversion from proven therapies, the use of these antioxidants may actually do harm. 
 
(GISSI-IV21  Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico. 
Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E after 
myocardial infarction: results of the GISSI-Prevenzione trial. Lancet. 1999; 354: 447–
455) 
 
(ATBC22  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) 
 
(HOPE20  Yusuf S, Dagenais G, Pogue J, Bosch J, Sleight P. Vitamin E supplementation 
and cardiovascular events in high-risk patients: the Heart Outcomes Prevention 
Evaluation Study Investigators. N Engl J Med. 2000; 342: 154–160) 
 
(CHAOS23  Stephens NG, Parsons A, Schofield PM, Kelly F, Cheeseman K, Mitchinson 
MJ. Randomised controlled trial of vitamin E in patients with coronary disease: 
Cambridge Heart Antioxidant Study (CHAOS). Lancet. 1996; 347: 781–786) 

http://atvb.ahajournals.org/cgi/content/full/atvbaha;22/10/1535


 
(HAR-HPS24  Hennekens 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 supplementation with beta carotene on the incidence of malignant neoplasms 
and cardiovascular disease. N Engl J Med. 1996; 334: 1145–1149) 
 
(HATS35  Lee AC, Morse J, Cheung MC, Zhao X-Q, Chait A, Albers JJ, Brown BG. 
Effect of individual antioxidant vitamins in suppressing the HDL2-C response to lipid 
therapy. In: Abstracts from the ATVB Scientific Sessions; April 6–8, 2001; Salt Lake 
City, Utah) 
 
(OX-HPS 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) 
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During the past decade, the perception flourished that lipid and antioxidant therapy were 
2 independent avenues for cardiovascular protection. However, studies have shown that 
commonly used antioxidant vitamin regimens do not prevent cardiovascular events. 
Brown et al. found that the addition of antioxidant vitamins to simvastatin-niacin
therapy substantially blunts the expected rise in the protective high density 
lipoprotein (HDL)2 cholesterol and lipoprotein(A-I) subfractions of HDL, with 
apparent adverse effects on the progression of coronary artery disease.  antioxidant
vitamins E and C and ß-carotene, alone or in combination, do not protect against 
cardiovascular disease. Their use for this purpose may create a diversion away from 
proven therapies. Because these vitamins blunt the protective HDL2 cholesterol response 
to HDL cholesterol–targeted therapy, they are potentially harmful in this setting. Brown 
et al. conclude that they should rarely, if ever, be recommended for 
cardiovascular protection  (Antioxidant Vitamins and Lipid Therapy. End of a 
Long Romance? B. Greg Brown; Marian C. Cheung; Andrew C. Lee; Xue-Qiao Zhao; 
Alan Chait. Arteriosclerosis, Thrombosis, and Vascular Biology. 2002;22:1535). 

  

 

 

  

 

 

  

 

 

 
1.3.1.5  My opinion on EMODs and antioxidant vitamins in a nut shell 
 
For decades, reports have praised the benefits of the antioxidant vitamins and assailed the 
role of EMODs.  Investigators and marketers attempted to stack up enough anecdotal 
maybes that they hoped to create the illusion of a scientific definite but recent 
randomized controlled trials have blown these charlatans out of the waters of scientific 
truth.  Yet, they continue to swim in the shallows of ignorance and the dangerous currents 
of denial.  In 2007, Dr. Michael Sporn, past Head of the National Cancer Institute 
Chemoprevention Laboratory and current professor of pharmacology and 
toxicology at Dartmouth Medical School and Eminent Scholar, NCI's Center for 
Cancer Research, said that, “The use of dietary substances, like the antioxidant 
vitamins C and E, has been pretty much a colossal failure for protection against 
almost any kind of human disease.”  
 



However, I say that the antioxidant vitamins A and E, and to a lesser extent vitamin C, 
have performed their functions beautifully (which is not the prevention of cancer, heart 
disease or strokes) but their role is to assist oxidants and to serve as precursors to more 
oxidants, which they become.  The free radical theory (FRT) has been an uber-colossal 
failure. I can find no diseases, other than routine vitamin deficiencies, which are 
prevented or reversed by the administration of the antioxidant vitamins. Actually, 
common diseases and an early demise are increased with their use.   
 
The FRT was based on poor and inappropriately applied radiation science and a 
preponderance of subsequent scientific data has now invalidated the free radical theory.  
Yet, the FRT has been so ingrained into current medico-scientific thinking that it 
continues to bias countless studies and the consequent analysis and interpretation of data.  
Investigators are reportedly “disappointed” in their results, when these antioxidant 
vitamins fail to perform as predicted by the FRT and rarely question the flawed theory 
upon which their predictions were based.  Rather than question the free radical theory, 
they prefer to question their own data.  Nutrients and exercise, not antioxidant 
supplements, should be emphasized for overall health. 
 
Currently, there is abundant significant scientific data which nullifies the FRT.  
 
1.3.1.6  Epiphanies of 11-05-07 
 
During the evening of 11-05-07, I had two epiphanies:  1) all things age including 
subatomic particles.  We call it “decay” instead of aging in this instance.  2) 
antioxidant vitamins can be thought of as “precursors to oxidants.”  They could be 
considered harmful because they wait around to dump electrons on oxidants and 
thus, negate or nullify the beneficial effects of oxidants. It all depends on how one 
looks at it.  As with so many things, it is a matter of perspective. 
 
1.3.1.7  Basic cancer considerations 
 
“Developing treatments that attack cancer cells but leave healthy tissue unharmed is 
the holy grail of cancer research.”  Josephine Querido, Cancer Research UK. Senior 
science information officer. 
 
This information was taken from a Reuters article by Will Dunham, December 17, 2007. 

About 7.6 million people will die this year worldwide from various types of cancer, 
with lung cancer -- heavily driven by smoking -- killing 975,000 men and 376,000 
women, the American Cancer Society said on 11/17/07. 

In all, about 12.3 million people will develop cancer this year, the organization 
projected, using data from the International Agency for Research on Cancer, a branch of 
the World Health Organization. 



About 20,000 people die of cancer every day worldwide, the report showed. Smoking 
was heavily responsible for the lung cancer scourge. (13.8/minute die from cancer 
worldwide or 833/hour). 

Cancer's burden is on the rise in developing countries as deaths from 
infectious diseases and child mortality fall and more people live longer, American Cancer 
Society epidemiologist Ahmedin Jemal said in a telephone interview. Cancer is more 
common as people get older. 

Cancer also is increasing in developing countries as people embrace habits linked to 
cancer such as smoking and fattier diets, Jemal said. 

The report estimated 5.4 million people will get cancer and 2.9 million will die of cancer 
in developed nations, with 6.7 million cases and 4.7 million deaths in developing nations. 

Overall, 75 percent of children with cancer live for five years in Europe and North 
America, compared to three-year survival rates of only 48 to 62 percent in Central 
American countries. 

Cancers related to infections, such as stomach, liver and cervical cancer, were more 
common in developing countries, the group said. Fewer people survive cancer in 
developing countries due to lack of availability of early detection and treatment services, 
according to the report. 

Globally, 15 percent of all cancers are caused by infections. The Helicobacter pylori 
bacteria causes stomach cancer, human papillomavirus causes cervical cancer and 
hepatitis can cause liver cancer. 

Among men, the three most commonly diagnosed cancers are prostate, lung and 
colorectal cancer in developed countries and lung, stomach and liver cancer in 
developing countries. 

Among women, the three most common cancers are lung, breast and colorectal in 
developed countries and breast, cervical and stomach cancer in developing countries.  I 
believe that the lungs concentrate mutagens from inhaled air and that pollutants are 
responsible for the predominance and increasing incidence for lung cancer. 

About 465,000 women will die of breast cancer this year, making it the 
leading cause of cancer death among women worldwide. 

The brain uses 20% of consumed oxygen, even though it is only 2% of the body weight.  
Yet, even with such a high EMOD production, brain tumors are rare.  
Each year, 17,400 new cases of primary intracranial tumors are 

diagnosed in the U.S. Sixty percent of these new cases are central nervous system 
gliomas, the most common being glioblastoma multiforme (Abeloff M, Armitage J, 



Niederhuber J, Kastan M, McKenna WG. Clinical Oncology. In: editors. Clinical 
Oncology. New York: Churchill Livingstone; 2004).  

Since 1975, the number of cancer deaths in kids has been cut in half. Overall cancer 
survival rates continue to climb. It's now estimated 2 out of 3 people diagnosed with 
cancer will live at least five years. However, there has been virtually no change over 
the last 20 years for those 15-39 years of age.  In fact, a 25 year old who is 
diagnosed with cancer today often has a worse prognosis than 25 years 
ago (Cancer Facts & Figures 2008, American Cancer Society, retrieved April 2008 from 
http://www.cancer.org).   

Over the last 20 years, there have been remarkable advances in the battle against cancer. 
For most patients, survival rates are now at an all-time high. That's not the case for 
one age group. If you're between 15 and 39, the news isn't as good. A 25 year old who is 
diagnosed with cancer today often has a worse prognosis than 25 years ago (Closing the 
Gap: A Strategic Plan, Lance Armstrong Foundation, in conjunction with the National 
Cancer Institute, retrieved April 2008 at http://www.livestrong.org) 

1.3.1.8  Hereditary cancer syndrome and EMODs 

Skin cancer may be just the first sign of trouble.  With more than a million new cases a 
year, skin cancer is the most common form of cancer in this country (Basal Cell 
Carcinoma, Skin Cancer Foundation, retrieved March 2008 at 
http://www.skincancer.org).  If it's caught early, skin cancer can be very treatable. For 
some people, however, it might be just a warning sign of more problems to come.  
 
Susan Lasure says learning to embroider took a lot of patience and determination - 
qualities that have come in handy during her battle with cancer, which all started more 
than 12 years ago with a spot on her face. "It was a very fast-growing tumor. It was right 
on the side of my nose and it got big very quickly," says Lasure.  
 
Doctors removed the tumor and Susan thought her bout with cancer was over - but it was 
just beginning. Susan has a genetic condition called Muir-Torre syndrome. After 
developing colon cancer years later, doctors realized the tumor on her face was more 
significant than they thought. "Besides a family history, these skin tumors may be the 
only sort of warning sign that a patient may have of a hereditary cancer syndrome such 
as this," says Dr. Chris South, an oncologist with the James Cancer Hospital at Ohio State 
University.  
 
South says now that scientists have made the link between skin cancer and the risk of 
colorectal cancer, they might be able to use one to help prevent the other. In a recent 
study, doctors at the James say 6 out of 10 patients with colorectal cancer actually had 
skin cancer first - often years earlier.   "So that's potentially 60% of colorectal cancers 
that could have been prevented through high-risk cancer screening and surveillance 
strategies," says South.  A genetic test showed that Susan is the only one with Muir-Torre 
syndrome, which means the rest of her family most likely won't face the same challenges 

http://www.cancer.org/
http://www.skincancer.org/


she did.  Experts say if you have a history of cancer in your family, especially skin cancer 
and colorectal cancer, you should talk to a genetic counselor.  
 

I believe that this lends support for my ROSI syndrome, in which some individuals  
have a systemic or overall EMOD insufficiency and will later be vulnerable to 
various forms of cancer, atherosclerosis, diabetes, etc.  I believe that the millions of 
patients with skin cancer are a set-up for the development of additional cancers and 
the diseases seen in my ROSI syndrome, including CVD. The presence of skin 
cancer indicates that they have an EMOD insufficiency and that they are at an 
increased risk for secondary cancers. 
 

1.3.2.0  THE FREE RADICAL FALLACY 

1.3.2.1  My basic observation on the lack of toxicity of oxygen free radicals 

Harman and his sycophants (or what I call sicko-phants) believe that oxygen and its 
EMODs are inherently toxic and responsible for the myriad of human diseases and aging.  
However, neither oxygen free radicals nor EMODs can be highly toxic.  First, we 
continually breathe and transport ground state triplet oxygen from the air (21% or one in 
five molecules in the air is diradical oxygen) across the alveolar membrane and into the 
red blood cell, from the moment of conception until our last breath.  Ground state 
triplet oxygen is not only a free radical, it is a diradical and is essential for 
sustaining the life of aerobic organisms, such as humans.  That, alone, invalidates 
the free radical theory.  O2 is present in the human body in quantities exceeding that of 
all other elements combined.  Any compound present in such high concentrations and 
continuously being taken into and carried throughout the body can hardly be considered 
to be toxic.  Clearly, if there is any oxygen toxicity, it must be extremely low, if at all or 
none of us would survive. 

During metabolism for the production of energy, EMODs are generated in steady state 
levels and are markedly increased with health-rendering exercise.  Ergo, EMODs must 
be of extremely low toxicity, if at all toxic in the living/breathing organism or 
exercise would kill all of us.  In fact, lactic acid builds up when an athlete competes 
at a pace that exceeds the body’s capacity to bring in enough oxygen to burn fuel 
aerobically.  If a runner stops all movement, circulation slows and the body retains 
lactic acid and an acid environ increases EMOD production. 

In short, EMODs have ubiquitous distribution and steady state presence in all 
aerobic cells, tissue and organs.  Ergo, they must be of low toxicity and crucial for 
normal homeostatic cellular functioning.  Again, in April of 2008, I spoke with Dr. 
Denham Harman and re-emphasized my belief that his free radical theory is invalid.  
He suggests that his work has led investigators, like myself, to look for the real 
answers for disease and aging causation.  He applauded my diligence and efforts in 
collecting this present voluminous tome.  We remain good friends. 



1.3.2.2  Diseases related to oxygen-derived free radicals: an erroneous concept 
  
Oxygen-derived free radicals are very important mediators of cell injury and death. Not 
only are these highly reactive chemical species important in the aging process, but they 
are either directly or indirectly involved in a wide variety of clinical disorders, such as 
atherosclerosis, reperfusion injury, pulmonary toxicity, macular degeneration, 
cataractogenesis, and cancer. In addition, they play an important role in chronic 
granulomatous disease and act as secondary sources of cellular injury in chronic 
inflammatory processes and several disorders of the central nervous system. Furthermore, 
a wide variety of drugs and xenobiotics are themselves either converted to, or stimulate 
the formation of, free radicals. Prevention and/or treatment of many of these disorders 
may be possible by appropriate antioxidant therapy, either currently available or to be 
discovered through continued research (Diseases related to oxygen-derived free radicals. 
J.A. Knight. Ann Clin Lab Sci. 1995 Mar-Apr;25(2):111-21).  This is entirely 
speculative and lacks any proof.  Certainly, oxygen products can be linked to many 
metabolic events but they have not been proven to be causative of any disease and 
antioxidants have not been proven to prevent or reverse any of these same diseases.  
All of the hype for antioxidants is purely speculation. 
 
1.3.2.3  My EMOD insufficiency theory for the allowance of tumorous growths 
 
One of the primary motivating factors in my investigations into oxygen 
metabolology was an awareness of spontaneous healing or regression of cancer.  The 
fact that any cancers would spontaneously regress told me that the human body had the 
capacity to cure cancer. Spontaneous regression of cancer had been known for over a 
century but explanatory biochemical mechanisms were lacking. My intense studies of 
EMODs showed me that EMODs held the key to cancer therapy and prevention.  
 
Here is what I now believe relative to my ROSI syndrome: 

- we require a continuously operative prooxidative defensive system 
- this system is based on a sufficiency of EMOD generation 
- an immune competent system is also based on a sufficiency of EMOD production 
- conditions such as HIV/AIDS has an EMOD insufficiency, which results in 

higher risk of infections, cancer and other diseases 
- CGD has an EMOD insufficiency and results in higher risks of infections, cancer 

and other diseases 
- Pregnancy can be an immunodeficiency condition, to allow the development of 

the fetus and which has an insufficiency of EMOD production and results in 
higher risk for gestational diabetes, arthritis and other diseases 

- Atherosclerosis develops at the site of intimal injury or at a site with insufficient 
EMOD production.  This allows for the formation of a pimple-like lesion, just as 
it would on external epidermis, which ultimately breaks open and causes clot 
formation.  Adequate EMOD would not allow for the seeding of this lesion with 
viable pathogens and would oxidize microaggregates for excretion. 



- All of the major diseases such as cancer, atherosclerosis, diabetes, strokes, 
arthritis require a prooxidant system to constantly prevent the development or 
progression of these conditions 

  
 
 

This JAMA article illustrates my same line of reasoning (JAMA. 2007;298:344. JAMA 
100 Years Ago Section Editor: Jennifer Reiling, Assistant Editor): 

1.3.2.4  THE SPONTANEOUS HEALING OF CANCER. July 20, 1907 (JAMA. 
1907;49:249-250) 
At the meeting of the international conference for the investigation of cancer, in 
Heidelberg last year, Czerny discussed, from his rich experience, the question of the 
healing or retrogression of cancers which have seemed to be inoperable (Reported in the 
Ztschr. f. Krebsforschung, 1907, v, 27).  

A hundred years ago the Society for the Investigation of Cancer, in London, propounded 
for consideration the question: Can cancer ever undergo a natural healing? At the present 
time (1907) it can scarcely be denied that the answer must be in the affirmative, in 
view of carefully reported cases in which cancers have disappeared after inadequate 

treatment or none at all; yet such cases are among the rarities of medical literature.  

Surely, if cancers do ever cease to grow, the reason for this cessation of malignant 
propensities should be the object of a most zealous search. Czerny recalls 
several instances in the literature in which persons with cancers too far advanced for 
complete removal have, to the surprise of all, improved greatly after palliative local 
procedures, and, in a few cases, have shown no recurrence of the growth and no 
development of metastases. He quotes, with evident approval, the statement of Lomar, 
that such a favorable outcome is much more likely to follow local treatment with the 
thermocautery or with chemical caustics than incomplete operations with the knife. I 
believe that this is due to the massive injury or damage caused by these agents and 
the consequent EMOD reaction of the body to heal and repair itself.  

Cases in which spontaneous healing has occurred without operative interference of any 
kind are much more rare, even, than these. Czerny recalls one case in which a patient with 
mammary carcinoma developed an erysipelatous infection in the wound of the second 
operation for recurrent growths, and who is now, twenty years later, free from all signs of 
the disease. He has also observed instances in which the microscope has shown that the 
line of incision for the removal of intestinal cancer has passed through cancerous tissue, 
and yet the patients have lived many years without recurrence of the growth. Among his 
cases of gastroenterostomy for inoperable cancer of the stomach have been many in 
which the growth decreased greatly in size after the operation, and an assistant was able to 
collect from the hospital records nine cases in which the patients have survived the 
operation over four years and are now in good health.  



This too, I believe is due to the body’s EMOD and PMN response and the 
generation of high levels of EMODs, which the body generates secondary to the 
trauma of surgery.  However, surgery can “seed” the body with cancer but 
neoplastic cells must rest in “fertile soil” to grow.  If the area of rest has high EMOD 
levels, the metastatic cells will not be able to survive and will undergo apoptosis.  If 
EMOD levels are low, the metastic cells will survive and perhaps proliferate. 

It is remarkable how differently operative interference affects malignant tumors. Often, 
especially with the slow-growing scirrhus cancer of the breast, it seems to fan a 
smoldering flame of malignancy into a fiery outburst of consuming growth; yet 
sometimes the operation seems to stimulate, not the cancer cells, but the protective 
mechanisms, whatever they may be, so that the retrogressive changes predominate over 
the proliferative, and the residue of the growth and its metastases disappear or remain 

quiescent for many years. Instructive cases have been observed in which persons have 
died from some unrelated affection several years after operation for cancer, and autopsy 
has revealed the presence in the internal organs and tissues of cancer nodules showing 
marked fibrotic changes with few visible cancer cells in the scar tissue. . . Undoubtedly 
such occurrences are not uncommon, both in patients showing unexpected recurrence 

several years after an apparently successful operation, and also in patients who have 
escaped recurrence, and in whom, therefore, the operator believes there could have been 
no deep metastasis at the time of operation.  

If we could explain the reason for this occasional loss of proliferative power in 
metastatic growths after removal of the primary cancer, we might acquire 
knowledge of great value to therapeutic progress.  Lubarsch, in his address before the 
same convention, recounts certain facts and theories that have a bearing on this problem 
(Ztschr. f. Krebsforschung, 1907, v, 117). 

He recalls that Cohnheim found that pieces of fetal periosteum, injected into the veins, 
formed nodules of bone where they lodged in the pulmonary arteries; but, as these 
nodules soon underwent destruction, he concluded that the formation of metastases 
does not depend solely on peculiar properties of the cancer cells, but also on 
inhibition of the normal resorption processes.  In carcinoma, Lubarsch believes, 
embolic tumor cells can not attain a foothold for growth unless poisonous substances are 
present in the blood stream which prevent the normal resorptive processes from 
destroying the cancer cells, and these poisonous substances come, presumably, from the 
primary growth. I believe that an EMOD insufficiency “allows” the survival,  
development and growth of the cancerous cells.  Thus, specific sites may be more 
favorable to metastatic growths if they have low levels of EMOD generation and 
subsequent low apoptotic inducement.  This can also result from a systemic EMOD 
insufficiency in cases of immunodeficiency (HIV/AIDS), hereditary cancer 
syndrome or diseases such as chronic granulomatous disease. 

Further, I believe that the growth of metastatic cells is similar to the situation in 
which microbes are present in a commensal manner and as the host conditions 



change, they become pathogens.  As was argued and ultimately agreed upon by 
Pasteur, Lister and Bernard, it is the milieu which is most important, not the bug. 

A type of herpes virus called human cytomegalovirus (CMV) is found in up to 80 percent 
of Americans, though the virus normally produces very few clinical symptoms, is 
dormant, and usually undetectable in most people. However, more than 80 percent of 
patients newly diagnosed with the brain cancer glioblastoma multiforme (GBM) 
exhibit detectable CMV in their blood as well as in their tumors.   

If Lubarsch's hypothesis is correct, it can be readily understood how, in some cases, 
removal of the primary growth could leave the metastases that have already formed in a 
condition under which they could not successfully resist the resorptive power of the 
surrounding tissues.  

Blumenthal (Ztschr. f. Krebsforschung, 1907, v, 186) has found evidence that the 
autolytic enzymes of cancer cells differ from those of normal cells in being able to attack 
any sort of cell in the body, and that in advanced cancer these cancer enzymes exist free 
in the blood; possibly these are the agencies that Lubarsch believes prepare the soil for the 
successful growth of embolic cancer cells.  

On the other hand, we can imagine that the checking of metastatic growths could result 
from a process of self-immunization. During the operative manipulation of the primary 
growth considerable quantities of cancerous material may be forced into the circulation, 
and the results might either be (1) a widespread dissemination of the disease, which is 
frequently observed, or (2) in case the resistance of the body were sufficient these cells 
would be destroyed, and in the process cause the formation of antibodies sufficient to 
enable the individual to overcome the secondary growths which had already obtained a 
foothold.  

If our current concepts are accurate, development of neoplasia is potentially 
constantly present and our apoptotic abilities are responsible for the killing of these 
continually forming entities.  I believe that EMODs serve as the basis for the 
apoptotic execution system.  Agents which block or nullify EMODs, such as 
antioxidants, or agents which result in an EMOD insufficiency will create conditions 
which “allow” tumorous growth and proliferation. 

I fervently believe that the potential therapeutic and preventative benefits of my 
UTOPIA theory and my ROSI syndrome research is unlimited. 

A May 5, 1905 JAMA article stated that “The clinical course of cancer, internal as well as 
external, is variable. Periods of apparent recession follow periods of progress. Every 
physician and surgeon has observed that patients with cancer sometimes continue to live 
in comparative comfort even for years after the unquestioned development of metastatic 
tumors in vital organs. It is part of the natural history of the scirrhous form of carcinoma, 
for instance, to advance with comparative slowness at the outskirts while in the central 
part cicatricial shrinking equivalent in many cases to a kind of spontaneous healing is 



taking place. There is, indeed, very good reason to believe that while the human being "in 
the majority of cases falls victim to the invasion of carcinoma once started, yet it is not 
altogether without the calling into operation of opposing forces that this sad result is 
achieved." (JAMA. 1905;44:1534, 1538-1539).  I find it curious that we have made 
only minimal advancements against cancer or its prevention over the past century. 
Obviously, we need creative and innovative ideas, such as I have presented over the 
past decade. 

Additionally, I agree with the following quote:  “There are examples throughout 
medicine where theory, extrapolation of effects through surrogate markers, and weaker 
levels of evidence have led to harmful consequences for our patients. We should focus on 
proven preventive therapies, such as blood pressure control, before advocating potentially 
harmful therapies.”  (Clarifying the evidence: vitamin E, vitamin A, and folate. G. 
Michael Allan, and Wendy Payne. Can Fam Physician. 2005 November 10; 51(11): 
1471–1472).  

1.3.2.5  Immune System Can Halt Growth Of A Cancerous Tumor Without Killing 
It 

A multinational team of researchers has shown for the first time (Nov. 19, 2007) that the 
immune system can stop the growth of a cancerous tumor without actually killing it.  
 
Scientists have been working for years to use the immune system to eradicate cancers, a 
technique known as immunotherapy. The new findings prove an alternate to this 
approach exists: When the cancer can't be killed with immune attacks, it may be possible 
to find ways to use the immune system to contain it. The results also may help explain 
why some tumors seem to suddenly stop growing and go into a lasting period of 
dormancy.  I believe that this frequently happens when EMODs hold the cancers in 
abeyance. 
 
The study appears in the advance online publication of Nature on Nov. 19, 2007. (Koebel 
CM, Vermi W, Swann JB, Zerafa N, Rodig SJ, Old LJ, Smyth MJ, Schreiber RD. 
Adaptive immunity maintains occult cancer in an equilibrium state. Nature, 2007. 
Advance online publication (10.1038/Nature 06309) 

"Thanks to the animal model we have developed, scientists can now reproduce this 
condition of tumor dormancy in the laboratory and look directly at cancer cells being 
held in check by the immune system," says co-author Robert Schreiber, Ph.D., Alumni 
Professor of Pathology and Immunology at Washington University School of Medicine in 
St. Louis. "That will allow us to see if we can model this state therapeutically."  
 
The study's authors call the cancer-immune system stalemate equilibrium. During 
equilibrium, the immune system both decreases the cancer's drive to replicate and kills 
some of the cancerous cells, but not quickly enough to eliminate or shrink the tumor.  
 
"We may one day be able to use immunotherapy to artificially induce equilibrium and 



convert cancer into a chronic but controllable disease," suggests co-author Mark J. 
Smyth, Ph.D., professor of the Cancer Immunology Program at the Peter McCallum 
Cancer Centre in Melbourne, Australia. "Proper immune function is now appreciated as 
another important factor in preventing the development of some cancers. Further research 
and clinical validation of this process may also turn established cancers into a chronic 
condition, similar to other serious diseases that are controlled long-term by taking a 
medicine."  
 
Scientists first proposed that the immune system might be able to recognize cancer cells 
as potentially harmful more than a century ago. Under a theory that came to be called 
cancer immunosurveillance, researchers suggested that if this recognition took place, the 
immune system would attack tumors with the same weapons it uses to eliminate invading 
microorganisms. Current immunotherapy efforts use therapeutic agents to increase the 
chances that the immune system will recognize and attack tumors.  
 
But cancer immunosurveillance has been controversial. The theory had begun to fall out 
of favor over the years, and in 2001, Schreiber, graduate students Vijay Shankaran and 
Gavin Dunn, and Lloyd Old, M.D., director of the New York branch of the Ludwig 
Institute for Cancer Research, proposed a major revision. They called their new model 
cancer immunoediting.  
 
Like the older theory, cancer immunoediting suggests that conflict between cancers and 
the immune system naturally takes place but proposes that three very different outcomes 
can result. The immune system can eliminate cancer, destroying it; the immune system 
can establish equilibrium with cancer, checking its growth but not eradicating it; or the 
cancer can escape from the immune system, likely becoming more malignant in the 
process.  
 
Until this latest study, evidence for the second outcome was lacking. Schreiber, Smyth 
and their colleagues posited equilibrium's existence mainly on the basis of other doctors' 
clinical experiences. Examples included cancers that inexplicably go into remission for 
years. In addition, there have been hints that in a few cases organ transplants have 
transferred undetected dormant tumors to the recipients.   I believe that both of 
these instances are readily explained by my EMOD insufficiency theory, the ROSI 
syndrome of Howes. 
 
To directly observe dormant tumors in mice, researchers injected them with small doses 
of a chemical carcinogen. Mice that developed outright tumors were set aside; the 
remaining mice had small, stable masses at the site of the injections. When certain 
components of these animals' immune systems were disabled, the small growths 
became full-blown cancers, suggesting that the immune system had previously been 
holding the tumors in check.  
 
"We don't think the immune system has evolved to handle cancers," Schreiber notes. 
"Cancer is typically a disease of the elderly, who have moved beyond their reproductive 
years, so there probably was no evolutionary pressure for the immune system to find a 



way to fight cancer."  I disagree with this approach. 
 
Schreiber, Smyth and Old speculate that from the immune system's point-of-view, a 
cancerous cell may look like a cell infected by an invading microorganism. To overcome 
the safeguards that prevent the immune system from attacking the body's own tissues, the 
tumor has to have a high level of immunogenicity, or ability to provoke an immune 
reaction. Cancer cells can reduce their immunogenicity by changing the materials they 
present to the immune system to more closely resemble those presented by normal tissue. 
This enables the third outcome of the immunoediting theory: escape.  
 
Equilibrium sometimes may be a more common outcome of tumor-immune encounters 
than elimination. According to the researchers' theory, some of us may harbor dormant 
tumors that either developed spontaneously or from exposure to carcinogens. They 
propose that these quiescent tumors are unleashed only as we age or are exposed to 
environmental, infectious or physical stresses that cause a breakdown of the 
immune system.  
 
To follow up, researchers plan a molecular-level investigation of what happens in tumors 
and the immune system during equilibrium. They also want to test their results' 
applicability both in humans and in different types of cancers.  
 
"For example, we need to look at which tissues are regularly edited by the immune 
system and at how closely the immune system watches over these tissues," Schreiber 
says. "If you completely knock out the immune system in mice, you'll see tumors 
spring up in some tissues but not in others, and this suggests that there may be 
differing levels of immune system monitoring in different tissue types."  I believe 
that this suggests that there are varying EMOD levels in various tissues, which we 
know to be the case. 
 
"Over the past decade, remarkable advances have been made in our understanding of how 
the immune system reacts against cancer and influences the course of the disease, and 
defining the equilibrium phase of cancer immunoediting represents the newest milestone 
in these advances," says Old. "The challenge now is to incorporate these findings into our 
thinking about human cancer and to develop immunotherapeutic strategies that 
complement current methods of cancer treatment."  
 
(Koebel CM, Vermi W, Swann JB, Zerafa N, Rodig SJ, Old LJ, Smyth MJ, Schreiber 
RD. Adaptive immunity maintains occult cancer in an equilibrium state. Nature, 2007. 
Advance online publication (10.1038/Nature 06309) 

1.3.2.6  Howes EMOD cancer therapy 

1.3.2.6.1  Elesclomol (formerly STA-4783) induces cancer cell apoptosis through 
oxidative stress 
 



Elesclomol (formerly STA-4783) is a novel small molecule undergoing clinical 
evaluation in a pivotal phase III melanoma trial (SYMMETRY). In a phase II 
randomized, double-blinded, controlled, multi-center trial in 81 patients with stage 
IV metastatic melanoma, treatment with elesclomol plus paclitaxel showed a 
statistically significant doubling of progression-free survival time compared with 
treatment with paclitaxel alone.  

Although elesclomol displays significant therapeutic activity in the clinic, the mechanism 
underlying its anticancer activity has not been defined previously. Here, we show that 
elesclomol induces apoptosis in cancer cells through the induction of 
oxidative stress. Treatment of cancer cells in vitro with elesclomol resulted in the 
rapid generation of reactive oxygen species (ROS) and the induction of a transcriptional 

gene profile characteristic of an oxidative stress response. Inhibition of oxidative stress by 
the antioxidant N-acetylcysteine blocked the induction of gene transcription by 
elesclomol. In addition, N-acetylcysteine blocked drug-induced apoptosis, 
indicating that ROS generation is the primary mechanism responsible for the proapoptotic 
activity of elesclomol. Excessive ROS production and elevated levels of oxidative stress 
are critical biochemical alterations that contribute to cancer cell growth. Thus, the 

induction of oxidative stress by elesclomol exploits this unique 

characteristic of cancer cells by increasing ROS levels beyond a 
threshold that triggers cell death (Elesclomol [STA-4783] induces cancer cell 
apoptosis through oxidative stress.  Jessica R. Kirshner, Suqin He, Vishwasenani 
Balasubramanyam, Jane Kepros, Chin-Yu Yang, Mei Zhang, Zhenjian Du, James 
Barsoum and John Bertin.  Molecular Cancer Therapeutics 7, 2319-2327, August 1, 
2008). 

1.3.2.7  New drug (STA-4783) may make tumors self-destruct 

Doctors are hopeful about a new drug to treat skin cancer by causing tumor 
cells to self-destruct by overloading them with oxygen. 

Unlike regular cells, which naturally cannot have their oxidant levels raised beyond a 
certain threshold, cancer cells cannot balance the amount of free radicals inside them. 

With the new drug STA-4783, doctors may be able to overload the cancer cells with 
oxygen-containing chemicals to the point where the cells cannot cope and simply die off, 
according to research presented 9/26/07 at a meeting of the European Cancer 
Organization in Barcelona. 

"We are taking advantage of the Achilles heel of cancer cells," said Dr. Anthony 
Williams, vice president of clinical research at Synta Pharmaceuticals Corp., based in 
Lexington, Massachusetts, which paid for the study.  STA-4783, which has no effect 
on normal cells, is the first of several such drugs planned for study, though no other 
companies have yet to release results from their research. 



It could also be used against other cancers, such as pancreatic or ovarian, as they 
have been shown to naturally contain higher levels of oxygen. Because cancerous 
tumor cells already have high oxygen levels, they are easier to overload. Doctors said 
the study focused on skin cancer, though, as melanoma tumors were particularly deadly. I 
believe that generally tumors are hypoxic but do have higher EMOD levels and this 
gives us the possibility of specificity in killing neoplasia. 

Williams detailed how the drug doubled the amount of time that advanced melanoma 
patients survived without their cancer worsening.  The study followed 81 patients with 
serious skin cancer: 28 received the standard chemotherapy drug paclitaxel and lived 
an average of 1.8 months before their cancer worsened, while 53 got paclitaxel plus the 
new drug and lived an average of 3.7 months before the disease worsened. 

Patients on the experimental combination survived an average of one year after being 
diagnosed while those getting only the standard treatment survived an average of 7.8 
months.  "This could have a profound effect on patients," said Dr. Alex Eggermont, 
president-elect of the European Cancer Organization and a surgical oncology professor at 
Erasmus University in Rotterdam, Netherlands. Eggermont was not linked to the study. 

Because STA-4783 targets only cancer cells, Williams said the drug does not come with 
too many side effects. Less than 5 percent of patients suffered serious side effects, which 
were similar to those seen in regular chemotherapy treatments, such as a temporary 
lowering of white blood cells, back pain and fatigue. 

Though the study showed patients living longer with the cancer, some doctors said they 
hoped that, because the drug caused tumor cells to die off, it could potentially be used as 
a cure. 

"Melanoma is so phenomenally complex that we desperately need new drugs to fight it," 
Eggermont said.  There are very few drugs available for people with advanced skin 
cancer, which kills 70 percent of patients within one year. Williams said scientific trials 
offered patients the best hope for living longer.  "There are a few options that relieve the 
disease, but we have nothing that cures it," said Dr. Jorgan Bergh, a professor of 
oncology at Sweden's Karolinska Institute. 

"This new drug is potentially interesting, but we still need to understand more about how 
it works and how that may interact with chemotherapy," he said.  Synta Pharmaceuticals 
will soon start a bigger study with more than 600 patients at 150 cancer centers 
worldwide. 

Other scientists have tried to provoke immune system attacks on skin cancer tumors, but 
that research is preliminary and scientists have yet to find a permanent way to keep 
the immune system from attacking healthy cells as well.  

"We need to try different, novel approaches to see what might work," Eggermont said, 
adding that the two methods — oxygen-overloading and boosting immune defenses — 



could even be combined. "If you remove the inhibitions on the immune system and 
combine that with a drug, then that could open the door to new treatments," he said.  

Doctors emphasized that melanoma tumors were different from, and deadlier than, other 
cancers. For instance, nearly half of all patients with a skin cancer tumor that is 4 
millimeters (0.2 inches) thick will die. But for a breast cancer patient with a tumor 
of the same size, nearly 95 percent of patients will live.  

"Patients with advanced melanoma really do not have a lot of options," Williams said. 
"We only get one chance to save patients' lives, and this may be a good starting point." 

This work is based on my EMOD therapy methods, which I have described in detail.  

1.3.2.8  EMODs kill cancer 

Reactive oxygen species are known to be potentially dangerous, but are also needed for 
signal-transduction pathways. Tumor cells have relatively low amounts of superoxide 
dismutase (SOD), which quenches superoxide anion O2

.- , and as a result of a higher level 
of aerobic metabolism, higher concentrations of O2

.-, compared to normal cells. But this 
may not be true of all tumor cells. Some tumor cells have relatively higher amounts of 
vitamin E, a potent anti-oxidant, and a higher level of anaerobic metabolism, 
resulting in a balance that is tilted more towards higher anti-oxidant capacity.  

In both instances of higher aerobic and anaerobic metabolism methods designed to 
augment free radical generation in tumor cells can cause their death. It 
is suggested that free radicals and lipid peroxides suppress the expression of Bcl-2, 
activate caspases and shorten telomeres, and thus inducing apoptosis of tumor cells.  

Ionizing radiation, anthracyclines, bleomycin and cytokines produce 
free radicals and thus are useful as anti-cancer agents. But they also produce 
many side-effects.  

2-methoxyoestradiol and polyunsaturated fatty acids (PUFAs) inhibit SODs and 
cause an increase of O2

.-  in tumor cells leading to their death. In addition, PUFAs 
(especially gamma-linolenic acid), 2-methoxyoestradiol and thalidomide may possess 
anti-angiogenic activity. This suggests that free radicals can suppress angiogenesis. 
Limited clinical studies done with gamma-linolenic acid showed that it can regress 
human brain gliomas without any significant side-effects. Thus, PUFAs, thalidomide and 
2-methoxyoestradiol or their derivatives may offer a new radical approach to the 
treatment of cancer (A radical approach to cancer. U. Das. Med Sci Monit. 2002 
Apr;8(4):RA79-92).  I believe that this is in conformity with my UTOPIA theory and 
of the fact that high levels of EMODs are needed to protect us from neoplasia. 

1.3.2.9  Ozone-Oxygen Administration kills 50% squamous cell carcimoma in 
rabbits 



March 7, 2008  Researchers at the Philipps University Marburg, Campus Marburg, 
Germany, applied ozone-oxygen by intraperitoneal insufflation for the 
treatment of rabbit squamous cell carcinomas. This therapy resulted in 
the complete remission of the cancers in approximately 50% of the 
animals.  
 
Ozone administration has long been known to inhibit the growth of various carcinoma 
cells in vitro. This study demonstrates ozone's effectiveness and safety in an in vivo 
animal model.  
 
The study's data suggests that "the intraperitoneal application of a medical O3/O2 gas 
mixture (O3/O2-pneumoperitoneum) appears to stimulate the body's own 
antitumorous immunosurveillance."   I believe that this is the “continuously 
operational oxidative protective system” that I have referred to for years.   
 
Gerard Sunnen, M.D., president of Ozonics International, LLC, states, "If, indeed, as 
shown in previous studies, internal ozone administration bolsters immune system 
parameters, such as cytokine and NK cell activation or other yet still unknown 
ozone-induced substances, these impressive results could imply new treatment 
considerations, not only for cancers but also for infectious diseases."  I believe that these 
unknown substances are in fact, EMODs.  This study is to be presented at the 7th 
International Conference on Head and Neck Cancer, July 19-23, 2008, San Francisco.  
(Treatment with ozone/oxygen pneumoperitoneum results in complete remission of rabbit 
squamous cell carcinomas.  Schulz S, Häussler U, Mandic R, Heverhagen J, et al. 
International Journal of Cancer. Jan 2008 (on-line; to be published March 2008, Wiley-
Liss, Inc.). 

This is an extremely important study and supports my singlet oxygen tumoricidal 
system. 

1.3.3.0  Coley’s toxin corollary:  Strep bacteria may treat pancreatic cancer 

In prior books I have written of Coley’s toxin, which is made from Strep pyogenes and 
Seratia marcesans.  It has a 30% cure rate in some cases and I have theorized that it 
works by inducing a massive WBC response with an accompanying massive respiratory 
burst and EMOD generation.  I feel that this following study, which killed pancreatic 
cancer by direct injection of strep into is based on this same principle. 

In mice implanted with human pancreatic cancer tumors, injecting live Streptococcus 
bacteria, similar to those that cause strep throat, directly into the tumors caused the 
tumors to shrink and die, German scientists report. 

"The utilization of live bacteria," as a danger signal, Dr. Claudia Maletzki told Reuters 
Health, "obviously has great potential for activating the immune system." 



Given the poor prognosis of patients with advanced pancreatic cancer, "novel" 
interventions are "imperative," Maletzki and colleagues at the University of Rostock note. 

In culture experiments, the researchers established that streptococcal bacterium known as 
S. pyogenes could mediate severe injury to pancreatic cancer cells. 

The team went on to examine the efficacy of S. pyogenes in a mouse model of aggressive 
pancreatic cancer known to have an intrinsic insensitivity to existing anti-cancer agents.  
They found that a single application of the live bacteria resulted in complete 
regression or death of the pancreatic tumors. 

In addition to direct destructive activity, they observed a helpful tumor-specific immune 
response, with generation of tumor-specific cells. 

"We think that patients suffering from tumors with very bad prognosis could substantially 
benefit from such alternative treatments stimulating the immune system," Maletzki said. 
(SOURCE: Gut, April 2008.) 

 

 

1.3.3.1  Chemo-induced anemia ups risk of local breast cancer recurrence 

Patients with breast cancer who developed anemia during 
chemotherapy had nearly three times the risk of local recurrence as those 
who did not, according to a study published in the April 1, 2008 issue of Clinical Cancer 
Research¸ a journal of the American Association for Cancer Research. 
 
"We speculate that there may be an interaction between chemotherapy/radiotherapy and 
anemia," said lead researcher Peter Dubsky, MD, a senior consultant in the department of 
surgery at the Medical University of Vienna, Austria. "Both treatment modalities have 
been shown to be less effective in anemic patients. Since we do not see the effect in terms 
of relapse-free survival, the interaction with local adjuvant treatment may play a more 
important role." 

I speculate that lowered hemoglobin levels result in lowered oxygen levels, which 
results in lowered EMOD levels.  This alone would explain the increase in 
recurrence rate due to an EMOD insufficiency. 
 
Dubsky and his colleagues from the Austrian Breast and Colorectal Cancer Study Group 
examined data from a randomized, clinical trial comparing adjuvant hormonal treatment 
and tamoxifen with the standard treatment of cyclophosphamide, methotrexate and 5-
fluorouracil (CMF). All women in the trial were premenopausal and had positive 
estrogen and/or progesterone receptor status. Patients who underwent breast-conserving 
surgery received mandatory radiation. Radiation was optional in women who underwent 



modified radical mastectomy. 
 
For the current analysis, the researchers focused on anemia data from the 424 patients in 
the CMF arm, as the rates of anemia among those who received the hormonal treatment 
were low. They examined local relapse-free survival, relapse-free survival and overall 
survival. 
 
Anemia occurred in 18.2 percent of patients who received CMF chemotherapy. Anemia 
was defined as an incidence of at least one serum hemoglobin level below 12 g/dL 
during chemotherapy through the first follow-up date three months after adjuvant 
treatment concluded. 
 
After a median follow-up of 61 months, 39 local relapses occurred: 6.9 percent in 
patients without anemia and 19.5 percent in patients with anemia. The 5-year rates of 
relapse were 8.2 percent among nonanemic patients and 19.6 percent among anemic 
patients. Patients without anemia experienced a significantly longer local relapse-
free survival than patients with anemia, according to the study. 
 
Other factors that significantly increased local relapse-free survival were younger age at 
diagnosis and negative lymph node status. Any relationship between anemia and tumor 
size, postoperative radiation or type of surgery did not have an effect on local relapse-free 
survival, researchers say. 
 
Relapse-free survival did not differ significantly with the presence or absence of anemia. 
"There seemed to be no difference when distant or contralateral events were part of the 
analysis," said Dubsky. "The effect was limited to local recurrences. Any explanation of 
the limit is pure speculation." 
 
No difference in overall survival was evident, but Dubsky says he doubted one would be 
seen given the number of patients and the length of follow-up. Follow-up of 10 to 15 
years would be needed to observe any significant differences, he says.   

1.3.3.2  Carcinostatic activity of inorganic selenium compounds due to EMODs 

All inorganic selenium compounds that express carcinostatic activity against cancer 
cells in vivo do so by interaction with thiol compounds and generation of free radical 
species  (Spallholz, J. E, Selenium and the prevention of cancer. Part II: Mechanisms for 
the carcinostatic activity of Se compounds. The bulletin of Selenium-Tellurium 
development association ISSN 1024-4204. October 2001.) 
 
1.3.4.0  Mechanism of carcinostatic activity of selenium compounds:  
There are a number of hypotheses that have been postulated to account for the 
experimental data that selenium prevents cancer. (Selenium: The essential poison. G. 
Chauhan. Univ. Iowa. Spring, April 7, 2003. Graduate coruse assignment. 
www.healthcare.uiowa.edu/corefacilities/esr/education/2003/4/ChauhanG-paper-4.pdf). 
 

http://www.healthcare.uiowa.edu/core


Five hypotheses seem to be possible to account for selenium’s chemopreventative 
activity. The five hypotheses postulated are: (1) selenium’s antioxidant role as a 
component of the glutathione peroxidase enzymes, (2) selenium’s enhancement of 
immunity, (3) selenium’s effect on the metabolism of carcinogens, (4) selenium’s 
interactions that affect protein synthesis and the cycle of cell division, and (5) the 
formation of anti-cancer selenium metabolites.  Unbelievably,  they completely 
missed the fact that EMODs have great tumoricidal activity.  They are still 
looking at its antioxidant character, which blocks EMOD tumoricidal 
activity, to explain its carcinostatic abilities. 
 
1.3.4.1  Selenium properties 
 
Selenium is an essential dietary nutrient for most animals and humans, which is 
incorporated into twelve or more known proteins or enzymes as an amino acid, 
selenocysteine. Most, but not all selenium from selenium compounds can be efficiently 
incorporated into selenocysteine. The major dietary forms of selenium are L-
selenomethionine from cereal and animal protein and L-selenocysteine from animal 
protein. Fruits and vegetables generally contain very low levels of selenium. At 
supranutritional levels of dietary selenium, most but not all selenium compounds can 
reduce the incidence of naturally occurring, viral or chemically induced cancer in both   
animals and humans. A common characteristic of all selenium compounds that express 
significant experimental carcinostatic activity in vitro or in vivo is their interaction with 
thiols and the generation of free radical species. Selenodiglutathione is the most potent 
selenium compound against cancer cells and readily arrests their growth as compared 
to selenite and any other selenium compound. At higher levels of dietary intake many 
selenium compounds can become toxic. (Selenium: The essential poison. G. Chauhan. 
Univ. Iowa. Spring, April 7, 2003. Graduate coruse assignment. 
www.healthcare.uiowa.edu/corefacilities/esr/education/2003/4/ChauhanG-paper-4.pdf).  
  
In dealing with selenium we must remember the words of Paracelsus (1393-1441), “The 
dosage makes either a poison or a remedy”  
 
Selenium toxicity was first confirmed in 1933 to occur in livestock that consumed plants 
of the genus Astragalus, Xylorrhiza, Oonopsis and Stanleya. However, in 1957, it was 
discovered that selenium was an essential nutrient for laboratory rats to prevent dietary 
necrosis and over a period of time it was found to be an essential nutrient for many 
mammalian species. In 1973, selenium was found to be a component of glutathione 
peroxidase in the form of selenoamino acid, selenocysteine. Dietary selenium from the 
inorganic salts and organic selenium compounds are metabolized into selenocysteine. In 
1988, the observation was made that oxidation of glutathione by selenite produced 
superoxide, opening a new area for selenium research. (Spallholz, J.E. On the natue of 
selenium toxicity and carcinostatic activity.  Free Radic. Biol Med. 17:45-64.). 
 
1.3.4.2  Selenium superoxide production 
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Glutathione oxidase activity of selenium compunds   
Superoxide is produced (toxic) Superoxide is not produced (non-toxic) 

Selenite  Elemental selenium  
Selenium dioxide  Selenate  

Selenocystine  Selenoethionine  
Selenocystamine  Selenomethionine  

Diselenodiproprionic acid  Selenobetaine  
 
 (Spallholz, JE, Zhang X, Boylan LM (1993) Generation of oxyradicals by selenium 

compounds. FASEB J. A290: 1683). 
 
 
1.3.4.3  Superoxide producing selenium compounds prevent tumor growth 
 
Milner et al. showed with the help of an experiment that most carcinostatic forms of 
selenium are inorganic salts: selenite and selenium dioxide. Selenate, selenocystine 
and selenomethionine are less effective as carcinostatic agents in 
preventing tumor growth.  I believe that this is due to the fact that they do not 
produce superoxide anion, an EMOD. 
 
The experiment is shown in the following table and it can be seen that even a small 
dose of selenite and selenium dioxide prevent tumor growth. 
Superoxide producing selenium compounds prevent tumor growth 
 
Tumor incidence in mice injected with selenium compounds  

Treatment  Experiment 1  Experiment 2 Experiment 3  
Control  10/10 (infected/total-mice) 5/5  5/5  

Inorganic forms  Dose, µg/g weight  
2  1  0.25  

Selenium dioxide  0/10  0/5  1/ 4  
Sodium selenite  0/10  0/5  0/3  
Sodium selenate 0/10  0/5  2/5  

Organic forms  
Selenomethionine  0/10  5/5  5/5  

selenocystine  0/10  0/5  2/5  
 
(Milner JA, Greeder GA, Poirier KA. (1981) Selenium and transplantable tumors. In: 
Spallholz JE, Martin JL, Ganther HE, ed. Selenium in biology and medicine, Eds. CT: 
AVI Publishig Co.; pp: 146-159).  
 
I believe that this is the same tumoricidal pattern that I have seen over and over 
again with EMOD producing compounds.  In short, EMODs kill cancer and 
antioxidants block this activity.  



 
1.3.4.4   Selenium and Diabetes: Bad News for Supplements (SU.VI.MAX study) 
 
Stranges and colleagues (Stranges S, Marshall JR, Natarajan R, Donahue RP, Trevisan 
M, Cappuccio FP, et al. Effects of long-term selenium supplementation on the incidence 
of type 2 diabetes. A randomized trial. Ann Intern Med. 2007;147:217-23) report findings 
from the NPC (Nutritional Prevention of Cancer) trial that show an increased risk for 
diabetes among participants randomly assigned to receive supplements with 200 µg 
of selenium daily for 7.7 years compared with placebo. This effect was largely limited to 
participants in the top tertile of plasma selenium levels at baseline (>121.6 ng/mL). In this 
group, the hazard ratio for incident diabetes in persons using selenium supplements 

compared with placebo was 2.70.   
 
The public health implications of these findings are substantial: More than 1% of 
the U.S. population take selenium supplements, and more than 35% take 
multivitamin and multimineral supplements (Radimer K, Bindewald B, Hughes J, 
Ervin B, Swanson C, Picciano MF. Dietary supplement use by US adults: data from the 
National Health and Nutrition Examination Survey, 1999-2000. Am J Epidemiol. 
2004;160:339-49) that often contain selenium. 
 
Before it was found to be an essential nutrient, selenium was considered highly toxic to 
animals and humans. The key breakthrough occurred in 1973, when Rotruck and 
colleagues (Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG, Hoekstra 
WG. Selenium: biochemical role as a component of glutathione peroxidase. Science. 
1973;179:588-90) discovered that selenium protected against oxidative damage by means 
of selenium-dependent glutathione peroxidase.  
 
Selenium is incorporated into selenoproteins as selenocysteine through a complex genetic 
mechanism encoded by the UGA codon. Selenoproteins, including glutathione 
peroxidases, thioredoxin reductases, iodothyronine deiodinases, and selenoprotein P, 
have important enzymatic functions. Through selenoproteins, selenium is involved in 
many biological functions, including protection against oxidative stress, immune 

function, and thyroid function. 
 
In the United States, dietary intake of selenium is relatively high (80 to 165 µg/d). Indeed, 
99% and 50% of adults have serum selenium levels greater than 95 ng/mL and 124 
ng/mL, respectively. In short, the risk for selenium deficiency in the United 
States is negligible, and the use of selenium supplements in this country is 
unlikely to increase the antioxidant activity of glutathione peroxidases. (Selenium 
and Diabetes: More Bad News for Supplements. Joachim Bleys, Ana Navas-Acien, and 
Eliseo Gualla. Ann Intern Med 2007; 147: 271-272). 
 
The increased risk for diabetes in this group alerts us that asymptomatic yet pathologic 
changes related to chronic selenium toxicity could take place at intake levels lower than 
the currently defined UL. 
 



Corroborative epidemiologic evidence is limited. In NHANES III (Third National Health 
and Nutrition Examination Survey), which was conducted in a representative sample of 
the U.S. population, participants in the highest quintile of serum selenium levels ( 137.7 
ng/mL) had an increased prevalence of diabetes compared with those in the lowest 
quintile (<111.6 ng/mL) (Bleys J, Navas-Acien A, Guallar E. Serum selenium and 
diabetes in U.S. adults. Diabetes Care. 2007;30:829-34). 
 
An observational analysis within the SU.VI.MAX (Supplementation with Antioxidant 
Vitamins and Minerals) trial also found a positive association between baseline plasma 
selenium levels and fasting plasma glucose levels at baseline and after 7.5 years of 
follow-up (Czernichow S, Couthouis A, Bertrais S, Vergnaud AC, Dauchet L, Galan P, et 
al. Antioxidant supplementation does not affect fasting plasma glucose in the 
Supplementation with Antioxidant Vitamins and Minerals (SU.VI.MAX) study in 
France: association with dietary intake and plasma concentrations. Am J Clin Nutr. 
2006;84:395-9).  CONCLUSIONS: Supplementation with antioxidants at 
nutritional doses for 7.5 y had no effect on FPG in men or women who 
followed a balanced diet. An inverse association of baseline beta-carotene dietary 
intake and plasma concentrations with FPG was found, probably because beta-carotene is 
an indirect marker of fruit and vegetable intakes. 
 
The SUpplementation en VItamines et Mineraux AntioXydants (SU.VI.MAX) 
study, a randomised double-blind, primary-prevention trial showed that after 7.5 
years, low-dose antioxidant supplementation lowered the total cancer incidence in 
men, but not in women. To explain this difference in the impact of antioxidant 
supplementation in men and women, they hypothesised that the effect of supplementation 
is dependent on initial antioxidant status; 12,741 French adults (7713 females aged 35--
60 years; 5028 males aged 45--60 years) received daily antioxidant supplementation (120 
mg vitamin C, 30 mg vitamin E, 6 mg beta-carotene, 100 microg Se, 20 mg Zn daily) or a 
matching placebo. Cut-off limits for baseline serum concentrations of the different 
antioxidant vitamins and minerals were defined as follows for both men and women: 0.3 
micromol/l for beta-carotene, 11.4 micromol/l for vitamin C, 15 micromol/l for vitamin 
E, 0.75 micromol/l for Se and 10.7 micromol/l for Zn. The percentage of men with serum 
concentrations under cut-off limits was higher for vitamins C and E and beta-carotene in 
those who developed a cancer than in those who did not. The risk of cancer was higher in 
men with baseline concentrations of serum vitamin C or vitamin E under cut-off limits, 
but not in women. The effect of supplementation was greater in men with baseline serum 
concentrations of vitamin C, vitamin E and beta-carotene below the cut-off limits 
compared with those above it. This effect was maintained only for vitamin E after 
adjustment for age, tobacco, and alcohol consumption and BMI. No effect of 
supplementation could be seen in women. Baseline antioxidant status is related to the 
risk of cancer in men but not in women and therefore does not entirely explain the 
differences observed in the effect of antioxidant supplementation on cancer risk 
between sexes in the SU.VI.MAX study (Antioxidant status and risk of cancer in the 
SU.VI.MAX study: is the effect of supplementation dependent on baseline levels? P. 
Galan et al. Br J Nutr. 2005 Jul;94(1):125-32).  Other than the fact that antioxidants 



had no effect on cancer in women, the data on males, although marginal, only 
confuses the issue. 
 
However, a substudy of the Health Professionals Follow-up Study found an inverse 
association between toenail selenium levels and the prevalence of diabetes at baseline 
(Rajpathak S, Rimm E, Morris JS, Hu F. Toenail selenium and cardiovascular disease in 
men with diabetes. J Am Coll Nutr. 2005;24:250-6), and a small cross-sectional study of 
Asian persons residing in Singapore found similar mean serum selenium levels among 
participants with and without diabetes (Hughes K, Choo M, Kuperan P, Ong CN, Aw TC. 
Cardiovascular risk factors in non-insulin-dependent diabetics compared to non-diabetic 
controls: a population-based survey among Asians in Singapore. Atherosclerosis. 
1998;136:25-31). 
 
Until further randomized, controlled trials show that selenium supplementation does not 

cause diabetes or establish that the potential risk for diabetes is outweighed by yet 
unproven health benefits, people with diets that provide the Recommended Dietary 
Allowance for selenium (55 µg/d) should avoid selenium supplements, except in the 
context of experimental studies. 
 
Although obesity and lack of physical activity are the major factors responsible for 
the diabetes epidemic, environmental exposures may also be important. High selenium 
levels or use of selenium supplements by persons with adequate selenium status may 
contribute to this problem, although the extent of the role of these factors is unknown. 
Furthermore, the potential harmful effects of selenium supplementation in persons 
with high-normal selenium levels could extend beyond diabetes. A secondary analysis 
of the NPC trial identified some benefit of selenium supplementation for cancer 
prevention among participants with baseline plasma selenium levels less than 121.6 
ng/mL but a possible small increase in total cancer risk among participants with 
higher levels (hazard ratio, 1.20 [CI, 0.77 to 1.86]) (Duffield-Lillico AJ, Reid ME, 
Turnbull BW, Combs GF Jr, Slate EH, Fischbach LA, et al. Baseline characteristics and 
the effect of selenium supplementation on cancer incidence in a randomized clinical trial: 
a summary report of the Nutritional Prevention of Cancer Trial. Cancer Epidemiol 
Biomarkers Prev. 2002;11:630-9). 
 
In the past decade, randomized, controlled clinical trials have shown 
that ß-carotene and vitamin E supplements, which were widely believed 
to be safe, increase mortality and morbidity (Miller ER 3rd, 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 G, Nikolova D, Gluud LL, Simonetti RG, Gluud C. Mortality in randomized 
trials of antioxidant supplements for primary and secondary prevention: systematic 
review and meta-analysis. JAMA. 2007;297:842-57).  
 
No dietary supplement, including selenium, has proven useful so far for 
the prevention of cardiovascular disease or cancer in the general U.S. 



population. The balance of the potential benefits and harms of selenium 
supplementation depends on the dietary selenium intake in different countries. However, 
the U.S. public needs to know that most people in this country receive adequate selenium 
from their diet. By taking selenium supplements on top of an adequate dietary intake, 
people may increase their risk for diabetes. (Selenium and Diabetes: More Bad News for 
Supplements. Joachim Bleys, Ana Navas-Acien, and Eliseo Gualla. Ann Intern Med 
2007; 147: 271-272). 
 
"Evidence clearly suggests the need for caution. Some vitamins, such as folic acid, may 
be involved in cancer progression while others, such as St John's wort, can interfere with 
chemotherapy. (Cornelia Ulrich, of the Fred Hutchinson Cancer Research Centre, Seattle, 
Washington. 2/18/08. Could vitamin pills do a cancer patient more harm than good?) 
 
1.3.4.5 Response to Bleys et al. article by a supplement manufacturer spokesman 
 
By Neil E Levin, CCN, DANLA entitled “antioxidant confusion”.  This response was in 
the same journal as the article by Bleys et al. (Selenium and Diabetes: More Bad News 
for Supplements. Joachim Bleys, Ana Navas-Acien, and Eliseo Gualla. Ann Intern Med 
2007; 147: 271-272).   
 
Neil Levin is a “Nutrition educator for a dietary supplement manufacturer.” 

  
Levin disputes that “randomized, controlled clinical trials have shown that ß-carotene and 
vitamin E supplements, which were widely believed to be safe, increase mortality and 
morbidity”. The choices, increasing variables, and manipulation by statistical models in 
meta-analyses are often questionable.  Buijsse noted that high carotenoid intake, 
confirmed by measures of blood levels, was associated with lower mortality rates among 
the elderly over a ten-year period, countering the claim that ß-carotene dangers are 
proven (Buijsse B, et al. Plasma carotene and alpha-tocopherol in relation to 10-y all-
cause and cause-specific mortality in European elderly: The Survey in Europe on 
Nutrition and the Elderly, a Concerted Action (SENECA). Am J Clin Nutr 2005;82:879–
886).  
 
The Miller meta-analysis, cited as proof of vitamin E’s dangers, was heavily criticized in 
published responses, and its conclusions were NOT replicated when the same data was 
re-analyzed (Hathcock). It should therefore not be cited as proof of the vitamin’s danger 
(Hathcock JN, et al. Vitamins E and C are safe across a broad range of intakes. Am J Clin 
Nutr. 2005 Apr;81(4):736-45). 
 
The statement, “No dietary supplement, including selenium, has proven useful so 
far for the prevention of cardiovascular disease or cancer in the general U.S. 
population,” is questionable. The Alpha-Tocopherol, Beta- Carotene Cancer Prevention 
(ATBC) Study published by the National Cancer Institute demonstrated a 32% reduction 
in prostate cancer incidence in response to daily alpha-tocopherol supplementation. The 
Women’s Health Study (JAMA) reported a significant 24% reduction in cardiovascular 
death with supplemental vitamin E.   



 
The NIH reports, “Taking a daily supplement containing 200 µg of selenium … 
significantly reduced the occurrence and death from total cancers. The incidence of 
prostate cancer, colorectal cancer, and lung cancer was notably lower in the group given 
selenium supplements.” (Weinstein SJ, et al. Serum α -Tocopherol and γ-Tocopherol in 
Relation to Prostate Cancer Risk in a Prospective Study. J. Natl. Cancer Inst. 2005 97: 
396-399). 
 
As always, those selling these products deny the results of any and all 
studies showing the failures and dangers of supplements and 
antioxidants. 
 
1.3.5.0   Adverse effects and nutrients 
 
The severity of any adverse effect varies with different nutrients and will depend on the 
dose-response relation. The possible changes range from biochemical changes within the 
normal homeostatic range through minor reversible changes to reversible and then 
irreversible organ damage. 
 
The nature of the possible adverse effects may also depend on whether the nutrient is 
consumed in a concentrated form, that is, as a supplement, or within a normal food 
matrix. Large, single doses of many nutrients can result in gastrointestinal effects, for 
example, vitamin C in large doses is associated with diarrhea, as is magnesium, whereas 
iron is generally associated with constipation but also with nausea, vomiting, and 
epigastric pain.  Effects such as these are reversible when the dose is lowered or 
can be lessened in other ways, for example, by taking the supplement with food. 
Some nutrients, however, may have more serious and irreversible effects. For example, 
the oxidized metabolites of retinol are known to be teratogenic in both 
animals and humans.  
 
Children exposed in utero to the anti-acne drug isotretinoin (13-cisretinoic acid) have a 
pattern of congenital abnormalities known as the retinoic acid syndrome. This includes 
defects of the craniofacies (small or absent external ears and auditory canals, cleft palate 
micrognathia, low-set ears), central nervous system (micro- or anophthalmia, cerebellar 
or cortical defects, microcephaly), thymus, and cardiovascular system (transposition of 
the heart vessels, aortic arch hypoplasia, ventricular septal defects).  The abnormalities 
are thought to be associated with alterations in the migration of cells from the neural 
crest, with the most critical period of exposure possibly being weeks 2–5 of pregnancy. 
Comparable effects were reported in women consuming large amounts of vitamin A 
during pregnancy. The link between dietary vitaminA and congenital abnormalities has 
been explored in several epidemiology studies. The threshold and dose response for the 
effect is poorly defined, with supplemental or total intakes of 3000 or 4500 mg RE, 
respectively, being the lowest intakes linked to these effects. (What is known about the 
safety of multivitamin-multimineral supplements for the generally healthy population? 



Theoretical basis for harm. Catherine A Mulholland and Diane J Benford.  Am J Clin 
Nutr 2007;85(suppl):318S–22S). 

1.3.5.1   Dubious use of vitamin-mineral supplements for CVD 

Some of the following was taken from “The dubious use of vitamin-mineral supplements 
in relation to cardiovascular disease. D. B McCormick.  Am. J. Clinical Nutrition, 
October 1, 2006; 84(4): 680 – 681.” 

Many studies and reviews have appeared that do not support the use of such vitamin-
mineral supplements to reduce the risk of cardiovascular disease. Neither ß-carotene nor 
vitamin E proved effective in large-scale, double-blind, placebo-controlled trials 
(Steinberg D, Witztum JL. Is the oxidative modification hypothesis relevant to human 
atherosclerosis? Do the antioxidant trials conducted to date refute the hypothesis? 
Circulation 2002;105:2107–11). 

In fact, high doses of vitamin E may increase all-cause mortality (Miller ER III, 
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).  

Also, randomized controlled trials of vitamins A, C, and E and of folate have failed 
to show a consistent or significant effect of any single vitamin or combination of 
vitamins on the incidence of or death from cardiovascular disease (Morris CD, 
Carson S. Routine vitamin supplementation to prevent cardiovascular disease: a summary 
of the evidence for the U.S. Preventive Services Task Force. Ann Intern Med 
2003;139:56–70) (Davey Smith G, Ebrahim S. Folate supplementation and 
cardiovascular disease. Lancet 2005;366:1679–81).  

A recent report that summarizes results from large-scale trials states that vitamins B-12 
and B-6 and folic acid may not reduce the number of cardiovascular events (Barclay 
L, Vega C. B12, B6, and folic acid may not reduce cardiovascular events. 15 March 
2006. Medscape Medical News. Internet: www.medscape.com/viewarticle/527591 
(accessed 20 July 2006).  

In addition, the risk of recurrent cardiovascular disease was not lowered by the use of 
such supplements after acute myocardial infarction; a harmful effect was even 
suggested (Bønaa KH, Njølstad I, Ueland PM, et al. Homocysteine lowering and 
cardiovascular events after acute myocardial infarction. N Engl J Med 2006;354:1578–
88). In the group given folic acid, vitamin B12, and vitamin B6, there was a trend toward 

an increased risk. 

The report by Bleys et al concludes that there is no evidence of a protective effect of 

antioxidant or B vitamin supplements on the progression of atherosclerosis and that 
these supplements had no effect on clinical cardiovascular disease (Bleys J, Miller ER 
III, Pastor-Barriuso R, Appel LJ, Guallar E. Vitamin-mineral supplementation and the 

http://www.medscape.com/viewarticle/527591


progression of atherosclerosis: a meta-analysis of randomized controlled trials. Am J Clin 
Nutr 2006;84:880–7). This study is a meta-analysis of randomized controlled trials that 
were previously reported. Of 2,311 trials identified, only 16 met the inclusion criteria. 
Five of these 16 trials involved the use of percutaneous transluminal coronary angioplasty 

(PTCA): 3 evaluated the effects of antioxidants and 2 the effects of folate, vitamin B-6, 
and vitamin B-12. The remaining 11 trials did not involve the use of PTCA: 7 evaluated 
the effects of antioxidants and 4 the effects of the B vitamins. Size effects were used to 
obtain standardized measures of the difference in progression of atherosclerosis in 
comparisons of supplements and control treatments. In addition to the finding that 
supplements do not prevent the development of atherosclerosis, no evidence existed 
that vitamin-mineral supplements prevent restenosis after PTCA. The authors 
concluded, on the basis of their findings—which are now supported by other recent 
studies—that antioxidants and B vitamins should not be used to prevent 
cardiovascular disease. One can hope that the exuberant use of vitamin-mineral 

supplements may be tempered somewhat by such findings, which carefully separate fact 
from faith. 

Amen, brother. 

1.3.5.2  Widespread Vitamin And Mineral Use Among Cancer Survivors 

Use of vitamin and mineral supplements among cancer survivors is widespread, despite 
inconclusive evidence that such use is beneficial, according to a comprehensive review of 
scientific literature conducted by researchers at Fred Hutchinson Cancer Research Center 
and published Feb. 1, 2008 in the Journal of Clinical Oncology.  
 
"Can vitamin and herbal supplements reduce the adverse effects of cancer treatment, 
decrease the risk of cancer recurrence or improve a patient's chances of survival? We 
don't really know. Research into these matters has been minimal," said senior author 
Cornelia (Neli) Ulrich, Ph.D., an associate member of the Hutchinson Center's Public 
Health Sciences Division. "While supplement use may be beneficial for some patients, 
such as those who cannot eat a balanced diet, research suggests that certain 
supplements may actually interfere with treatment or even accelerate 
cancer growth," she said.  
 
In reviewing 32 studies conducted between 1999 and 2006, Ulrich and co-author 
Christine Velicer, Ph.D., formerly a postdoctoral fellow at the Hutchinson Center (now 
an epidemiologist at Merck Research Laboratory in North Wales, Pa.), found that many 
of the nation's 10 million adult cancer survivors use nutritional supplements. I believe 
that this is a major problem, in that cancer patients may be at even greater danger 
by the use of antioxidant supplements, which favor cancer growth. 
 
They found 64 percent to 81 percent of cancer survivors overall reported using 
vitamins or minerals (excluding multivitamins), whereas in the general population 
only 50 percent of adults reported taking dietary supplements.  
 



Survivors of breast cancer reported the highest use (75 percent to 87 percent), whereas 
prostate-cancer survivors reported the least (26 percent to 35 percent). Factors associated 
with the highest level of supplement use overall included a higher level of education and 
being female.  
 
The researchers also found that many people initiate the use of vitamins and supplements 
after cancer diagnosis; between 14 percent and 32 percent start taking them after 
learning they have cancer.  
 
"Cancer survivors report that they hope to strengthen their immune system with 
supplement use or gain a sense of control and empowerment," Ulrich said. However, 
many cancer survivors who use supplements do not let their doctors know; 31 
percent to 68 percent of cancer patients and survivors who use supplements may not 
disclose this information or their doctors may fail to record it in their charts.  
 
"This is disconcerting and suggests that many physicians may not recognize the 
importance of understanding whether their patients are taking supplements," Ulrich said.  
 
Knowing about supplement use is crucial, she continues, because of potential adverse 
effects. "Evidence clearly suggests the need for caution," Ulrich said. "Some 
vitamins, such as folic acid, may be involved in cancer progression while others, 
such as St. John's wort, can interfere with chemotherapy. However, we really need 
more research to understand whether use of these supplements can be beneficial or do 
more harm than good."  

1.3.6.0  NIH statements:  http://ods.od.nih.gov/factsheets/vitamine.asp (accessed 
5-25-08) 
 

NIH statements:  http://ods.od.nih.gov/factsheets/vitamine.asp (accessed 5-25-08) 
 
1.3.6.1  Vitamin E 
Vitamin E deficiency is rare in humans.  Vitamin E is a fat-soluble vitamin that exists in 
eight different forms.  The Institute of Medicine states that most North American 
adults get enough vitamin E from their normal diets to meet current 
recommendations. 
 
Randomized clinical trials raise questions about the efficacy of vitamin E supplements in 
the prevention of heart disease. The Heart Outcomes Prevention Evaluation (HOPE) 
Study followed almost 10,000 patients for 4.5 years who were at high risk for heart attack 
or stroke (The Heart Outcomes Prevention Evaluation Study Investigators. Vitamin E 
supplementation and cardiovascular events in high-risk patients. N Engl J Med 
2000;342:154-60).  
 
In this intervention study the subjects who received 265 mg (400 IU) of vitamin E 
daily did not experience significantly fewer cardiovascular events or hospitalizations 
for heart failure or chest pain when compared to those who received a placebo (sugar 



pill). The researchers suggested that it is unlikely that the vitamin E supplement provided 
any protection against cardiovascular disease in the HOPE study.   
 
In a study sponsored by the National Heart, Lung, and Blood Institute (NHLBI) of 
the National Institutes of Health, postmenopausal women with heart disease who took 
supplements providing 400 IU vitamin E and 500 mg vitamin C twice a day, either alone 
or in combination with hormones, did not have fewer heart attacks or deaths. There 
was also no change in progression of their coronary disease. This study, The Women's 
Angiographic Vitamin and Estrogen (WAVE) trial, studied 423 postmenopausal 
women at seven clinical centers in the U.S. and Canada. In postmenopausal women with 
coronary disease enrolled in this trial, neither hormone replacement therapy 
nor antioxidant vitamin supplements provided cardiovascular benefit 
(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. Effects of hormone replacement therapy and antioxidant vitamin 
supplements on coronary atherosclerosis in postmenopausal women: a randomized 
controlled trial. J Am Med Assoc 2002;288:2432-40). 
 
Human trials and surveys that have tried to associate vitamin E intake with incidence of 
cancer have been generally inconclusive.  An examination of the effect of dietary factors, 
including vitamin E, on incidence of postmenopausal breast cancer in over 18,000 
women from New York State did not associate a greater vitamin E intake with a 
reduced risk of developing breast cancer (Graham S, Sielezny M, Marshall J, Priore R, 
Freudenheim J, Brasure J, Haughey B, Nasca P, Zdeb M. Diet in the epidemiology of 
Postmenopausal Breast Cancer in the New York State Cohort. Am J Epidemiol 
1992;136:3127-37). 
 
A study of women in Iowa provides evidence that an increased dietary intake of 
vitamin E may decrease the risk of colon cancer, especially in women under 65 years 
of age (Bostick RM, Potter JD, McKenzie DR, Sellers TA, Kushi LH, Steinmetz KA, 
Folsom AR. Reduced risk of colon cancer with high intakes of vitamin E: The Iowa 
Women's Health Study. Cancer Res 1993;15:4230-17).  
 
On the other hand, a study of 87,998 females from the Nurses' Health 
Study and 47,344 males from the Health Professionals Follow-up Study 
failed to support the theory that an increased dietary intake of vitamin 
E may decrease the risk of colon cancer (Wu K, Willett WC, Chan JM, Fuchs 
CS, Colditz GA, Rimm EB, Giovannucci EL. A prospective study on supplemental 
vitamin E intake and risk of colon cancer in women and men. Cancer Epidemiol 
Biomarkers Prev 2002;11:1298-304).  
 
The American Cancer society recently released the results of a long-term study that 
evaluated the effect of regular use of vitamin C and vitamin E supplements on 
bladder cancer mortality in almost 1,000,000 adults in the U.S. The study, 
conducted between the years 1982 to 1998, found that subjects who regularly 



consumed a vitamin E supplement for longer than 10 years had a reduced risk of 
death from bladder cancer. No benefit was seen from vitamin C supplements (Jacobs 
EJ, Henion AK, Briggs PJ, Connell CJ, McCullough ML, Jonas CR, Rodriguez C, Calle 
EE, Thun MJ. Vitamin C and vitamin E supplement use and bladder cancer mortality in a 
large cohort of US men and women. American Journal of Epidemiology 2002;156: 1002-
10).  
 
At this time researchers cannot confidently recommend vitamin E supplements for 
the prevention of cancer because the evidence on this issue is inconsistent and 
limited. 
 
Observational studies have found that lens clarity, which is used to diagnose cataracts, 
was better in regular users of vitamin E supplements and in persons with higher blood 
levels of vitamin E. A study of middle-aged male smokers, however, did not 
demonstrate any effect from vitamin E supplements on the incidence of cataract 
formation (Teikari JM, Virtamo J, Rautalahti M, Palmgren J, Liesto K, Heinonen OP. 
Long-term supplementation with alpha-tocopherol and beta-carotene and age-related 
cataract. Acta Ophthalmol Scand 1997;75:634-40). 
 
Vitamin E can act as an anticoagulant and may increase the risk of bleeding problems. 
 
 
 
 
 
1.3.6.2  Vitamin A: http://ods.od.nih.gov/factsheets/vitamina.asp  (accessed 5-25-08) 
 
Of the 563 identified carotenoids, fewer than 10% can be made into vitamin A in the 
body (Bendich A, Olson JA. Biological actions of carotenoids. FASEB J 1989:3;1927-
32).  
 
Lycopene, lutein, and zeaxanthin are carotenoids that do not have vitamin A activity 
but have other health promoting properties (Institute of Medicine. Food and Nutrition 
Board. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, 
Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. 
National Academy Press, Washington, DC, 2001).   
 
Some provitamin A carotenoids have been shown to function as antioxidants in 
laboratory studies; however, this role has not been consistently 
demonstrated in humans (Institute of Medicine. Food and Nutrition Board. Dietary 
Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, 
Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. National 
Academy Press, Washington, DC, 2001). 
 
The NHANES III survey (1988-1994) found that most Americans consume 
recommended amounts of vitamin A. More recent NHANES data (1999-2000) show 
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average adult intakes to be about 3,300 IU per day, which also suggests that most 
Americans get enough vitamin A (U.S. Department of Health and Human Services. 
Advance Data from Vital and Health Statistics. Dietary Intake of Selected Vitamins for 
the United States Population: 1999-2000. Centers for Disease Control and Prevention. 
National Center for Health Statistics. Number 339, 2004. 
 
There is no RDA for beta-carotene or other provitamin A carotenoids.  Vitamin A 
deficiency is common in developing countries but rarely seen in the United States. 
 
A number of studies that tested the role of beta-carotene supplements in cancer 
prevention did not find them to protect against the disease. In the Alpha-Tocopherol 
Beta-Carotene (ATBC) Cancer Prevention Study, more than 29,000 men who 
regularly smoked cigarettes were randomized to receive 20 mg beta-carotene alone, 50 
mg alpha-tocopherol alone, supplements of both, or a placebo for 5 to 8 years. Incidence 
of lung cancer was 18% higher among men who took the beta-carotene supplement. 
Eight percent more men in this group died, as compared to those 
receiving other treatments or placebo (Albanes D, Heinonen OP, Taylor PR, 
Virtamo J, Edwards BK, Rautalahti M, Hartman AM, Palmgren J, Freedman LS, 
Haapakoski J, Barrett MJ, Pietinen P, Malila N, Tala E, Lippo K, Salomaa ER, Tangrea 
JA, Teppo L, Askin FB, Taskinen E, Erozan Y, Greenwald P, Huttunen JK. Alpha-
tocopherol and beta-carotene supplement and lung cancer incidence in the alpha-
tocopherol, beta-carotene cancer prevention study: Effects of base-line characteristics and 
study compliance. J Natl Cancer Inst 1996;88:1560-70).  
 
Similar results were seen in the Carotene and Retinol Efficacy Trial (CARET), a lung 
cancer chemoprevention study that provided subjects with supplements of 30 mg beta-
carotene and 25,000 IU retinyl palmitate (a form of vitamin A) or a placebo. This study 
was stopped after researchers discovered that subjects receiving beta-
carotene had a 46% higher risk of dying from lung cancer (Redlich CA, 
Blaner WS, Van Bennekum AM, Chung JS, Clever SL, Holm CT, Cullen MR. Effect of 
supplementation with beta-carotene and vitamin A on lung nutrient levels. Cancer 
Epidemiol Biomarkers Prev 1998;7:211-14) (Pryor WA, Stahl W, Rock CL. Beta 
carotene: from biochemistry to clinical trials. Nutr Rev 2000;58:39-53). 
 
The IOM states that "beta-carotene supplements are not advisable for 
the general population," although they also state that this advice "does not pertain 
to the possible use of supplemental beta-carotene as a provitamin A source for the 
prevention of vitamin A deficiency in populations with inadequate vitamin A" (Institute 
of Medicine. Food and Nutrition Board. Dietary Reference Intakes for Vitamin A, 
Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, 
Nickel, Silicon, Vanadium, and Zinc. National Academy Press, Washington, DC, 2001). 
 
Researchers are now examining a potential new risk factor for osteoporosis: an 
excess intake of vitamin A. Animal, human, and laboratory research suggests an 
association between greater vitamin A intake and weaker bones (Binkley N, Krueger 
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D. Hypervitaminosis A and bone. Nutr Rev 2000;58:138-44) (Forsyth KS, Watson RR, 
Gensler HL. Osteotoxicity after chronic dietary administration of 13-cis-retinoic acid, 
retinyl palmitate or selenium in mice exposed to tumor initiation and promotion. Life Sci 
1989;45:2149-56).  
 
Worldwide, the highest incidence of osteoporosis occurs in northern Europe, a population 
with a high intake of vitamin A (Whiting SJ, Lemke B. Excess retinol intake may explain 
the high incidence of osteoporosis in northern Europe. Nutr Rev 1999;57:249-50). 
 
The Nurses Health Study looked at the association between vitamin A intake and hip 
fractures in over 72,000 postmenopausal women. Women who consumed the most 
vitamin A in foods and supplements (3,000 mcg or more per day as retinol 
equivalents, which is over three times the recommended intake) had a significantly 
increased risk of experiencing a hip fracture as compared to those consuming the 
least amount (less than 1,250 mcg/day). The effect was lessened by use of estrogens. 
These observations raise questions about the effect of retinol because retinol intakes 
greater than 2,000 mcg/day were associated with an increased risk of hip fracture as 
compared to intakes less than 500 mcg (Feskanich D, Singh F, Willett WC, Colditz GA. 
Vitamin A intake and hip fractures among postmenopausal women. J Am Med Assoc 
2002;287:47-54). 
 
A longitudinal study in more than 2,000 Swedish men compared blood levels of retinol 
to the incidence of fractures in men. The investigators found that the risk of fractures 
was greatest in men with the highest blood levels of retinol (more than 75 mcg per 
deciliter [dL]). Men with blood retinol levels in the 99th percentile (greater than 103 mcg 
per dL) had an overall risk of fracture that exceeded the risk among men with lower 
levels of retinol by a factor of seven (Michaelsson K, Lithell H, Vessby B, Mehus H. 
Serum retinol levels and the risk of fracture. N Engl J Med 2003;348:287-94). 
 
Hypervitaminosis A refers to high storage levels of vitamin A in the body that can lead to 
toxic symptoms. There are four major adverse effects of hypervitaminosis A: birth 
defects, liver abnormalities, reduced bone mineral density that may result in 
osteoporosis (see the previous section), and central nervous system disorders 
(Institute of Medicine. Food and Nutrition Board. Dietary Reference Intakes for Vitamin 
A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese, 
Molybdenum, Nickel, Silicon, Vanadium, and Zinc. National Academy Press, 
Washington, DC, 2001) (Bendich A, Langseth L. Safety of vitamin A. Am J Clin Nutr 
1989;49:358-71) (Udall JN, Greene HL. Vitamin update. Pediatr Rev 1992;13:185-94). 
 
Toxic symptoms can also arise after consuming very large amounts of preformed vitamin 
A over a short period of time. Signs of acute toxicity include nausea and vomiting, 
headache, dizziness, blurred vision, and muscular uncoordination (Institute of 
Medicine. Food and Nutrition Board. Dietary Reference Intakes for Vitamin A, Vitamin 
K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, 
Silicon, Vanadium, and Zinc. National Academy Press, Washington, DC, 2001) (Bendich 
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A, Langseth L. Safety of vitamin A. Am J Clin Nutr 1989;49:358-71) (Udall JN, Greene 
HL. Vitamin update. Pediatr Rev 1992;13:185-94).  
 
Although hypervitaminosis A can occur when large amounts of liver are regularly 
consumed, most cases result from taking excess amounts of the nutrient in supplements. 
 
The IOM did not set ULs for carotene or other carotenoids. Instead, it concluded 
that beta-carotene supplements are not advisable for the general population. As 
stated earlier, however, they may be appropriate as a provitamin A source for the 
prevention of vitamin A deficiency in specific populations (Institute of Medicine. Food 
and Nutrition Board. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, 
Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, 
Vanadium, and Zinc. National Academy Press, Washington, DC, 2001). 
 

1.3.6.3  ACC/AHA Policy statement:  ACC/AHA 2007 GUIDELINE REVISION 

ACC/AHA 2007 Guidelines for the Management of Patients With Unstable 
Angina/Non–ST-Elevation Myocardial Infarction.  

A Report of the American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines (Writing Committee to Revise the 2002 Guidelines for the 
Management of Patients With Unstable Angina/Non–ST-Elevation Myocardial 
Infarction) Developed in Collaboration with the American College of Emergency 
Physicians, the Society for Cardiovascular Angiography and Interventions, and the 
Society of Thoracic Surgeons Endorsed by the American Association of 
Cardiovascular and Pulmonary Rehabilitation and the Society for Academic 
Emergency Medicine 
 
(J. L. Anderson, C. D. Adams, E. M. Antman, C. R. Bridges, R. M. Califf, D. E. Casey Jr, 
W. E. Chavey II, F. M. Fesmire, J. S. Hochman, T. N. Levin, et al. 
ACC/AHA 2007 Guidelines for the Management of Patients With Unstable 
Angina/Non ST-Elevation Myocardial Infarction: A Report of the American College 
of Cardiology/American Heart Association Task Force on Practice Guidelines 
(Writing Committee to Revise the 2002 Guidelines for the Management of Patients 
With Unstable Angina/Non ST-Elevation Myocardial Infarction) Developed in 
Collaboration with the American College of Emergency Physicians, the Society for 
Cardiovascular Angiography and Interventions, and the Society of Thoracic 
Surgeons Endorsed by the American Association of Cardiovascular and Pulmonary 
Rehabilitation and the Society for Academic Emergency Medicine 
J. Am. Coll. Cardiol., August 14, 2007; 50(7): e1 - e157) 

Section 5.2.18 Antioxidant Vitamins and Folic Acid 
Class III 



1 Antioxidant vitamin supplements (e.g., vitamins E, C, or beta carotene) 
should not be used for secondary prevention in UA/NSTEMI patients. (Level 
of Evidence: A)  
2 Folic acid, with or without B6 and B12, should not be used for secondary 
prevention in UA/NSTEMI patients. (Level of Evidence: A)  

Although there is an association of elevated homocysteine blood levels and CAD, a 
reduction in homocysteine levels with routine folate supplementation was not 
demonstrated to reduce the risk of CAD events in 2 trials (Norwegian Vitamin Trial 
[NORVIT] and HOPE) that included post-MI or high risk, stable patients (Stampfer 
MJ, Malinow MR, Willett WC, et al. A prospective study of plasma homocysteine and 
risk of myocardial infarction in US physicians JAMA 1992;268:877-881) (Sullivan AK, 
Holdright DR, Wright CA, Sparrow JL, Cunningham D, Fox KM. Chest pain in women: 
clinical, investigative, and prognostic features BMJ 1994;308:883-886) (Lonn E, Yusuf 
S, Arnold MJ, et al. Homocysteine lowering with folic acid and B vitamins in vascular 
disease N Engl J Med 2006;354:1567-1577) (Bonaa KH, Njolstad I, Ueland PM, et al. 
Homocysteine lowering and cardiovascular events after acute myocardial infarction N 
Engl J Med 2006;354:1578-1588).  

Similarly, a large clinical trials experience with antioxidant vitamins has failed to 
demonstrate benefit for primary or secondary prevention (Bjelakovic G, Dimitrinka 
N, Gluud L, Simonetti R, Gluud C. Mortality in randomized trials of antioxidant 
supplements for primary and secondary prevention: systemic review and meta-analysis 
JAMA 2007;297:842-857) (Mosca L, Banka CL, Benjamin EJ, et al. Evidence-based 
guidelines for cardiovascular disease prevention in women J Am Coll Cardiol 
2007;49:1230-1250). 

1.3.6.4   AHA/ADA Scientific statement 2007 on antioxidant vitamins 

Primary Prevention of Cardiovascular Diseases in People With Diabetes Mellitus: A 
Scientific Statement From the American Heart Association and the American 
Diabetes Association. J. B. Buse, H. N. Ginsberg, G. L. Bakris, N. G. Clark, F. Costa, R. 
Eckel, V. Fonseca, H. C. Gerstein, S. Grundy, R. W. Nesto, et al.Circulation, 
January 2, 2007; 115(1): 114 - 126 

Supplementation of a healthy diet with antioxidant vitamins, B vitamins to lower 
homocysteine, or specific fatty acids (such as omega-3 fatty acids) is not 
recommended by either the AHA (Lichtenstein AH, Appel LJ, Brands M, Carnethon 
M, Daniels S, Franch HA, Franklin B, Kris-Etherton P, Harris WS, Howard B, Karanja 
N, Lefevre M, Rudel L, Sacks F, Van Horn L, Winston M, Wylie-Rosett J; American 
Heart Association Nutrition Committee. Diet and lifestyle recommendations revision 
2006: a scientific statement from the American Heart Association Nutrition Committee. 
Circulation. 2006; 114: 82–96) or the ADA at this time for healthy persons (American 
Diabetes Association. Standards of medical care in diabetes: 2006. Diabetes Care. 2006; 
29 (suppl 1): S4–S42).  



Although each of these has been demonstrated to be associated with lower CVD risk in 
published epidemiological analyses, no consistent findings have emerged from large-
scale, randomized trials in people with diabetes (Lichtenstein AH, Appel LJ, Brands 
M, Carnethon M, Daniels S, Franch HA, Franklin B, Kris-Etherton P, Harris WS, 
Howard B, Karanja N, Lefevre M, Rudel L, Sacks F, Van Horn L, Winston M, Wylie-
Rosett J; American Heart Association Nutrition Committee. Diet and lifestyle 
recommendations revision 2006: a scientific statement from the American Heart 
Association Nutrition Committee. Circulation. 2006; 114: 82–96) (Montori VM, Farmer 
A, Wollan PC, Dinneen SF. Fish oil supplementation in type 2 diabetes: a quantitative 
systematic review. Diabetes Care. 2000; 23: 1407–1415) (Stanger O, Herrmann W, 
Pietrzik K, Fowler B, Geisel J, Dierkes J, Weger M. Clinical use and rational 
management of homocysteine, folic acid, and B vitamins in cardiovascular and 
thrombotic diseases. Z Kardiol. 2004; 93: 439–453) (Jha P, Flather M, Lonn E, Farkouh 
M, Yusuf S. The antioxidant vitamins and cardiovascular disease. A critical review of 
epidemiologic and clinical trial data. Ann Intern Med. 1995; 123: 860–872).  

 Of all the supplements, the strongest data for benefit are with omega-3 fatty acids in 
individuals with established CHD. For this reason, the AHA currently recommends 1 
g/d eicosapentaenoic acid + docosahexaenoic acid for individuals with established disease 
(Wang C, Chung M, Lichtenstein A, Balk E, Kupelnick B, DeVine D, Lawrence A, Lau 
J. Effects of omega-3 fatty acids on cardiovascular disease. Evid Rep Technol Assess 
(Summ). 2004; 94: 1–8) (Kris-Etherton PM, Harris WS, Appel LJ; American Heart 
Association Nutrition Committee. Fish consumption, fish oil, omega-3 fatty acids, and 
cardiovascular disease. Circulation. 2003; 107: 2747–2757).   

On the other hand, randomized trials of vitamin E, folate, and B vitamins, as well as 
other antioxidants such as beta-carotene or antioxidant cocktails, have not shown 
benefit (Lonn E, Yusuf S, Hoogwerf B, Pogue J, Yi Q, Zinman B, Bosch J, Dagenais G, 
Mann JF, Gerstein HC. Effects of vitamin E on cardiovascular and microvascular 
outcomes in high-risk patients with diabetes: results of the HOPE study and MICRO-
HOPE substudy. Diabetes Care. 2002; 25: 1919–1927) (Lichtenstein AH. Nutrients and 
cardiovascular disease: no easy answers. Curr Opin Lipidol. 2005; 16: 1–3).   

1.3.6.5  2006 AHA Diet and Lifestyle Recommendations 

Unlike in 2000, the committee does not recommend antioxidant supplements and 
questions the value of soy products, folate and other B vitamin supplements, and 
phytochemicals for reducing cardiovascular risk (New AHA Diet and Lifestyle 
Recommendations. Journal Watch Cardiology, July 12, 2006; 2006(712): 1 - 1). 

1.3.6.6  Vitamin E and Risk of Type 2 Diabetes in the Women’s Health Study 
Randomized Controlled Trial 

Investigators directly assessed the efficacy of vitamin E supplements for primary 
prevention of type 2 diabetes among apparently healthy women in the Women’s Health 
Study randomized trial. Between 1992 and 2004, 38,716 apparently healthy U.S. 



women aged 45 years and free of diabetes, cancer, and cardiovascular disease were in 
two randomly assigned intervention groups and received 600 IU of vitamin E ( -
tocopherol, n = 19,347) or placebo (n = 19,369) on alternate days. During a median 10-
year follow-up, there were 827 cases of incident type 2 diabetes in the vitamin E 
group and 869 in the placebo group, a nonsignificant 5% risk reduction (relative 
risk [RR] 0.95 [95% CI 0.87–1.05], P = 0.31). There was no evidence that diabetes risk 
factors including age, BMI, postmenopausal hormone use, multivitamin use, physical 
activity, alcohol intake, and smoking status modified the effect of vitamin E on the risk of 
type 2 diabetes. In a sensitivity analysis taking compliance into account, women in the 
vitamin E group had an RR of 0.93 (95% CI 0.83–1.04) (P = 0.21) compared with those 
randomized to placebo. In this large trial with 10-year follow-up, alternate-
day doses of 600 IU vitamin E provided no significant benefit for type 2 
diabetes in initially healthy women.  (S. Liu, I-M. Lee, Y. Song, M. Van 
Denburgh, N. R. Cook, J. E. Manson, and J. E. Buring. Vitamin E and Risk of Type 2 
Diabetes in the Women's Health Study Randomized Controlled Trial. Diabetes, 
October 1, 2006; 55(10): 2856 – 2862). 

1.3.6.7  Nutrition and Stroke Prevention: Vitamins A, C & E do not work 

Nutrition is much more important in prevention of stroke than is appreciated by most 
physicians. The powerful effects of statin drugs in lowering the levels of fasting 
cholesterol, combined with an unbalanced focus on fasting lipids (as opposed to 
postprandial fat and oxidative stress), have led many physicians and patients to believe 
that diet is relatively unimportant. Because the statins can lower fasting lipids by &50% 
to 60%, and a low-fat diet only lowers fasting cholesterol by &5% to 10%, this error is 
perhaps understandable. However, a Cretan Mediterranean diet, which is high in 
beneficial oils, whole grains, fruits, and vegetables and low in cholesterol and animal fat, 
has been shown to reduce stroke and myocardial infarction by 60% in 4 years compared 
with the American Heart Association diet. This effect is twice that of simvastatin in the 
Scandinavian Simvastatin Survival Study: a reduction of myocardial infarction by 40% in 
6 years. Vitamins for lowering of homocysteine may yet be shown to be beneficial for 
reduction of stroke; a key issue is the high prevalence of unrecognized deficiency of 
vitamin B12, requiring higher doses of vitamin B12 than have been used in clinical trials to 
date. Efforts to duplicate with supplementation the evidence of benefit for 
vitamins E, C, and beta carotene have been largely fruitless. This may be 
related to the broad combination of antioxidants included in a healthy diet. A Cretan 

Mediterranean diet is probably more effective because it provides a wide range of 
antioxidants from fruits and vegetables of all colors (Nutrition and Stroke Prevention. 
M. Fisher, K. Lees, and J. D. Spence. Stroke, September 1, 2006; 37(9): 2430 - 2435). 

1.3.6.8  Antioxidants do not affect fasting blood glucose:  (SU.VI.MAX) 2006 

Observational data suggest a protective effect of several antioxidants on fasting plasma 
glucose (FPG) and type 2 diabetes. However, randomized trials have yielded inconsistent 

results.  



Objectives: The first objective was to assess the effect of 7.5 y of antioxidant 
supplementation on FPG at 7.5 y. The second objective was to examine the epidemiologic 
association of baseline dietary intakes or plasma antioxidants and FPG (at baseline and at 
7.5 y).  

Design: Subjects (n = 3,146) from the Supplementation en Vitamines et Minéraux 
Antioxydants (SU.VI.MAX) primary prevention trial in France were randomly assigned 
to receive a daily capsule containing 120 mg vitamin C, 30 mg vitamin E, 6 mg ß-
carotene, 100 µg Se, and 20 mg Zn or a placebo.  

Results: After 7.5 y, no significant difference was observed between age-adjusted mean 
FPG in men (P = 0.78) and women (P = 0.89) in either group. Baseline ß-carotene dietary 

intakes and plasma concentrations were inversely associated with FPG in multivariate 
mixed models (P = 0.0045 and P < 0.0001, respectively). Baseline plasma vitamin C and 
selenium were negatively (P = 0.0455) and positively (P < 0.0001) associated, 
respectively, with FPG.  

Conclusions: Supplementation with antioxidants at nutritional doses for 7.5 y had no 
effect on FPG in men or women who followed a balanced diet. An inverse association of 
baseline ß-carotene dietary intake and plasma concentrations with FPG was found, 
probably because ß-carotene is an indirect marker of fruit and vegetable intakes 
(Antioxidant supplementation does not affect fasting plasma glucose in the 
Supplementation with Antioxidant Vitamins and Minerals (SU.VI.MAX) study in 
France: association with dietary intake and plasma concentrations. S. Czernichow, 
A. Couthouis, S. Bertrais, A.-C. Vergnaud, L. Dauchet, P. Galan, and S. Hercberg. Am. J. 
Clinical Nutrition, August 1, 2006; 84(2): 395 - 399). 

1.3.6.9  Supplements do not improve cancer patients 

Dietary modifications and supplements are used widely by patients with cancer and 
preinvasive lesions as an adjunct to standard treatment. Given the widespread use of 
nutritional modifications and supplements by such patients and concerns about the lack of 
benefit and possible harm, we conducted a systematic review of randomized controlled 
trials to examine the effect of nutritional interventions on patients with cancer or 
preinvasive lesions. Methods: We searched electronic databases and reference lists to 
locate all eligible trials and analyzed trial quality. Outcome measures were all-cause and 
cancer mortality, disease-free survival, cancer recurrence, second primary cancer, 
recurrence of a preinvasive lesion, or progression to cancer. Results of individual trials 
were combined by use of random-effects meta-analyses. Results: We identified 59 
eligible trials, 25 in patients with cancer and 34 in patients with preinvasive lesions, 
respectively. Trial quality was generally low; only three trials (two of cancer and one of 
preinvasive lesions) had adequate methods for generating the allocation sequence, 
allocation concealment, and masking both outcome assessors and participants. The 
combined odds ratio (OR) for the effect of a healthy diet—given alone or with dietary 
supplements, weight loss, or exercise—on all-cause mortality was 0.90 (95% confidence 
interval [CI] = 0.46 to 1.77). There was no evidence of an association between the use 



of antioxidant or retinol supplements and all-cause mortality. Meta-analyses of all 
other outcomes did not show clear evidence of benefit or harm. Conclusions: The 
impact of most nutritional interventions cannot be reliably estimated because of the 
limited number of trials, many of which were of low quality. There is no evidence that 
dietary modification by cancer patients improves survival and benefits disease 
prognosis (Nutritional interventions and outcome in patients with cancer or 
preinvasive lesions: systematic review. A. A. Davies, G. Davey Smith, R. Harbord, G. 
E. Bekkering, J. A. C. Sterne, R. Beynon, and S. Thomas. J Natl Cancer Inst, 
July 19, 2006; 98(14): 961 - 973). 

 

The ubiquitous availability of supplements might indicate that even healthy children and 
adolescents profit by taking them. However, it is difficult to evaluate whether consumers 
receive more benefits or risks from the unrestricted consumption of supplements as they 
are marketed today. (Vitamin Intakes from Supplements and Fortified Food in 
German Children and Adolescents: Results from the DONALD Study W. Sichert-
Hellert, G. Wenz, and M. Kersting. J. Nutr., May 1, 2006; 136(5): 1329 - 1333) 

1.3.7.0  VITAL (VITamins And Lifestyle) study 2008. (77,721 men and women aged 
50–76 years) shows vitamin increases lung cancer risk by 28% 
 
(Christopher G. Slatore, Alyson J. Littman, David H. Au, Jessie A. Satia, and Emily 
White Long-Term Use of Supplemental Multivitamins, Vitamin C, Vitamin E, and Folate 
Does Not Reduce the Risk of Lung Cancer. Am. J. Respir. Crit. Care Med. 177: 524-530. 
First published online Nov. 7, 2007 as doi:10.1164/rccm.200709-1398OC.  Published 
March , 2008).  

Lung cancer is the leading cause of cancer death in the United States, according to the 
American Cancer Society. In 2008, approximately 215,000 people will be diagnosed 
with lung cancer and approximately 114,000 people will die from the disease. 

Lung cancer is the leading cause of cancer-related mortality in the United States. 
Although supplements are used by half the population, limited information is available 
about their specific effect on lung cancer risk.  

Objectives: To explore the association of supplemental multivitamins, vitamin C, vitamin 
E, and folate with incident lung cancer.  

Methods: Prospective cohort of 77,721 men and women aged 50–76 years from 
Washington State in the VITAL (VITamins And Lifestyle) study. Cases were identified 
through the Seattle–Puget Sound SEER (Surveillance, Epidemiology, and End 
Results) cancer registry.  

Measurements and Main Results: Hazard ratios (HRs) for incident lung cancer according 
to 10-year average daily use of supplemental multivitamins, vitamin C, vitamin E, and 



folate. A total of 521 cases of lung cancer were identified. Adjusting for smoking, age, 
and sex, there was no inverse association with any supplement. Supplemental 
vitamin E was associated with a small increased risk of lung cancer (HR, 1.05 for 
every 100-mg/d increase in dose; 95% confidence interval [CI], 1.00–1.09; P = 
0.033). This risk of supplemental vitamin E was largely confined to current smokers 
(HR, 1.11 for every 100-mg/d increase; 95% CI, 1.03–1.19; P < 0.01) and was greatest 
for non–small cell lung cancer (HR, 1.07 for every 100-mg/d increase; 95% CI, 1.02–
1.12; P = 0.004).  

Conclusions: Supplemental multivitamins, vitamin C, vitamin E, and folate were not 
associated with a decreased risk of lung cancer. Supplemental vitamin E was 
associated with a small increased risk. Patients should be counseled against 
using these supplements to prevent lung cancer (Christopher G. Slatore, Alyson J. 
Littman, David H. Au, Jessie A. Satia, and Emily White Long-Term Use of Supplemental 
Multivitamins, Vitamin C, Vitamin E, and Folate Does Not Reduce the Risk of Lung 
Cancer. Am. J. Respir. Crit. Care Med. 177: 524-530. First published online Nov. 7, 2007 
as doi:10.1164/rccm.200709-1398OC.  Published in print March 1, 2008).  

The use of 400 mg of vitamin E daily resulted in a 28% increased risk of 
developing lung cancer, particularly in smokers. 

In 2002, a Finnish study of 29,000 male smokers found taking beta carotene, which 
is converted into vitamin A in the body, was linked to an 18% increased risk of 
developing lung cancer (ATBC study). 

 

 

1.3.7.1  Vitamin E, C and beta carotene do not reduce prostate cancer risk 

Vitamin E, -carotene, and vitamin C are micronutrient antioxidants that protect cells 
from oxidative damage involved in prostate carcinogenesis. In separate trials, 
supplemental vitamin E was associated with a decreased risk of prostate cancer among 
smokers and supplemental -carotene was associated with a decreased risk of prostate 
cancer among men with low baseline plasma -carotene levels. Methods: We evaluated 
the association between intake of these micronutrient antioxidants from foods and 
supplements and the risk of prostate cancer among men in the screening arm of the 
Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. At baseline, trial 
participants completed a 137-item food frequency questionnaire that included detailed 

questions on 12 individual supplements. Cox proportional hazards models were used to 
estimate relative risks (RRs) and 95% confidence intervals (CIs). All statistical tests were 
two-sided. Results: We identified 1338 cases of prostate cancer among 29 361 men during 
up to 8 years of follow-up. Overall, there was no association between prostate cancer risk 
and dietary or supplemental intake of vitamin E, -carotene, or vitamin C. However, 
among current and recent (i.e., within the previous 10 years) smokers, decreasing risks of 



advanced prostate cancer (i.e., Gleason score 7 or stage III or IV) were associated with 
increasing dose (RR for >400 IU/day versus none = 0.29, 95% CI = 0.12 to 0.68; Ptrend

 = 
.01) and duration (RR for 10 years of use versus none = 0.30, 95% CI = 0.09 to 0.96; 
Ptrend = .01) of supplemental vitamin E use. Supplemental -carotene intake at a dose level 
of at least 2000 µg/day was associated with decreased prostate cancer risk in men with 
low (below the median of 4129 µg/day) dietary -carotene intake (RR = 0.52, 95% CI = 
0.33 to 0.81). Among smokers, the age-adjusted rate of advanced prostate cancer was 492 
per 100 000 person-years in those who did not take supplemental vitamin E, 153 per 100 
000 person-years in those who took more than 400 IU/day of supplemental vitamin E, and 
157 per 100 000 person-years in those who took supplemental vitamin E for 10 or more 
years. Among men with low dietary -carotene intake, the age-adjusted rate of prostate 
cancer was 1122 per 100 000 person-years in those who did not take supplemental -
carotene, and 623 per 100 000 person-years in those who took at least 2000 µg/day of 
supplemental -carotene. Conclusions: Our results do not provide strong 
support for population-wide implementation of high-dose antioxidant 
supplementation for the prevention of prostate cancer. However, vitamin E 
supplementation in male smokers and -carotene supplementation in men with low 
dietary -carotene intakes were associated with reduced risk of this disease 
(Supplemental and dietary vitamin E, beta-carotene, and vitamin C intakes and 
prostate cancer risk. V. A. Kirsh, R. B. Hayes, S. T. Mayne, N. Chatterjee, A. F. Subar, 
L. B. Dixon, D. Albanes, G. L. Andriole, D. A. Urban, and U. Peters. J Natl Cancer Inst, 
February 15, 2006; 98(4): 245 - 254). 

1.3.7.2  Vitamin C, E and beta carotene had no overall effect on high risk women 
with CVD 

Randomized trials have largely failed to support an effect of antioxidant vitamins on the 
risk of cardiovascular disease (CVD). Few trials have examined interactions among 
antioxidants, and, to our knowledge, no previous trial has examined the individual effect 
of ascorbic acid (vitamin C) on CVD.  

Methods  The Women's Antioxidant Cardiovascular Study tested the effects of 
ascorbic acid (500 mg/d), vitamin E (600 IU every other day), and beta carotene (50 mg 
every other day) on the combined outcome of myocardial infarction, stroke, coronary 

revascularization, or CVD death among 8171 female health professionals at increased 
risk in a 2 x 2 x 2 factorial design. Participants were 40 years or older with a history of 

CVD or 3 or more CVD risk factors and were followed up for a mean duration of 9.4 
years, from 1995-1996 to 2005.  

Results  A total of 1450 women experienced 1 or more CVD outcomes. There was no 
overall effect of ascorbic acid, vitamin E, or beta carotene [P = .71]) on 

the primary combined end point or on the individual secondary 

outcomes of myocardial infarction, stroke, coronary revascularization, 
or CVD death. A marginally significant reduction in the primary outcome with active 
vitamin E was observed among the prespecified subgroup of women with prior CVD; P 



value for interaction, .07). There were no significant interactions between agents for the 
primary end point, but those randomized to both active ascorbic acid and vitamin E 
experienced fewer strokes (P value for interaction, .03).  

Conclusion  There were no overall effects of ascorbic acid, vitamin E, or 
beta carotene on cardiovascular events among women at high risk for 
CVD (A Randomized Factorial Trial of Vitamins C and E and Beta Carotene in the 
Secondary Prevention of Cardiovascular Events in Women: Results From the Women's 
Antioxidant Cardiovascular Study. Zaharris, J. MacFadyen, E. Danielson, J. E. Buring, 
and J. E. Manson. Arch Intern Med, August 13, 2007; 167(15): 1610 – 1618). 

1.3.7.3  Vitamin E fails to improve cognitive decline in usual aging 

The following was taken from:  Preventing Cognitive Decline in Usual Aging 
Arch Intern Med. 2006;166:2433-2434. 
 
In this issue of the ARCHIVES, Kang et al. report new findings on the cognitive effects 
of a vitamin E dietary supplement in a well-conducted and well-powered clinical trial 
involving 6377 healthy women 65 years and older, who were enrolled in the Women's 

Health Study between 1992 and 1995 (Kang JH, Cook N, Manson J, Buring JE, 
Grodstein F. A randomized trial of vitamin E supplementation and cognitive function in 
women. Arch Intern Med. 2006;166:2462-2468).  
 
The vitamin E dose in this trial was 600 IU given every other day in the form of RRR- -
tocopheryl acetate, corresponding to a standard daily dose of 200 mg of vitamin E.  
 
By way of reference, the adult recommended dietary allowance is only 15 mg/d of the 
RRR-, RSR-, and RRS- -tocopherol isomers, but vitamin E doses in other cognitive trials 
have been somewhat higher than in this study. (Panel on Dietary Antioxidants and 
Related Compounds Subcommittees on Upper Reference Levels of Nutrients and 
Interpretation and Uses of Dietary Reference Intakes, Standing Committee on the 
Scientific Evaluation of Dietary Reference Intakes, Food and Nutrition Board, Institute of 
Medicine. Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and 
Carotenoids. Washington, DC: National Academy Press; 2000)  
 
Kang et al report no overall cognitive benefit of long-term vitamin E 
supplementation in a factorial design that also included low-dose aspirin. They also 
found no protection against substantial cognitive decline, defined as the worst 10% of 
change between assessments averaging 4 years apart (Kang JH, Cook N, Manson J, 
Buring JE, Grodstein F. A randomized trial of vitamin E supplementation and cognitive 
function in women. Arch Intern Med. 2006;166:2462-2468).  
 
While secondary and subgroup analyses suggest that there may be some heterogeneity in 
treatment effects and hint at benefit in select subgroups, it is not clear whether these 
reflect real differences or chance. 
 



Thus, antioxidants, if therapy is begun at an earlier age and continued for a longer period, 
might ameliorate cognitive aging. Or they might not. The failure of a potent antioxidant 
to reduce cognitive decline substantially when used for almost a decade conveys a 
strong message (Kang JH, Cook N, Manson J, Buring JE, Grodstein F. A randomized 
trial of vitamin E supplementation and cognitive function in women. Arch Intern Med. 
2006;166:2462-2468).   
 
I believe that the overall failed results of Vitamin E to prevent any of the diseases of 
aging invalidates the free radical theory. 
 
1.3.7.4  Antioxidant, pegorgotein, fails to prevent damage of severe head injury 
 
Investigators evaluated the outcome of patients with severe closed head injury treated 
with pegorgotein, a scavenger of oxygen-derived free radicals.  Randomized, 
parallel, placebo-controlled, third-party-blind, multicenter trial, with a blinded, 
multicenter follow-up protocol.  Twenty-nine centers in the United States.  A total of 463 
patients with severe closed head injury and a Glasgow Coma Scale score of 8 or less 

after resuscitation and stabilization.  Patients received a single intravenous dose of 
placebo, 10 000 U/kg of pegorgotein, or 20 000 U/kg of pegorgotein within 8 hours after 
injury.  
 
The primary endpoint was the Glasgow Outcome Scale (GOS) score at 3 months after 
brain injury with GOS data trichotomized into good, fair, or poor outcome. Secondary 
efficacy endpoints included the Disability Rating Scale (DRS) and mortality. A secondary 
analysis was performed using GOS scores dichotomized into favorable and unfavorable 
outcomes. In a follow-up protocol at 6 months, GOS and DRS scores were again 
determined.  
 
Of 463 patients randomized, 162 received placebo; 149, pegorgotein 10 000 U/kg; and 
152, pegorgotein 20 000 U/kg. Treatment groups were comparable with respect to 
demographic characteristics, mechanism of injury, and time to treatment. Pegorgotein 
was well tolerated at both dose levels. At month 3, the trichotomized analysis found 
no significant statistical difference in neurologic outcome between the 
pegorgotein and the placebo groups. Although differences were not statistically 
significant, there were more favorable outcomes and no increase in the number of deaths 
or vegetative states among the patients given pegorgotein, more subjects had good or 

favorable outcomes with the 10 000-U/kg dose than with the 20 000-U/kg dose or 
placebo, and less disability was observed with the 10 000-U/kg dose than with either the 
20 000-U/kg dose or placebo. No differences in mortality rate or cause of death were 
found between the 10 000-U/kg and placebo groups at either month 3 or month 6. 
The only statistically significant difference between the groups was a decreased incidence 
of adult respiratory distress syndrome in the 10 000-U/kg group as compared with the 

placebo group (P<.015). CONCLUSIONS: In this clinical trial of 463 patients with 
severe head injury, no statistically significant difference in neurologic outcome or 
mortality was observed between patients treated with pegorgotein and those 
receiving placebo (Effects of pegorgotein on neurologic outcome of patients with severe 



head injury. A multicenter, randomized controlled trial. B. Young, J. W. Runge, K. S. 
Waxman, T. Harrington, J. Wilberger, J. P. Muizelaar, A. Boddy and J. W. Kupiec. 
JAMA. Vol. 276, No. 7, August 26, 1996). 
 
1.3.7.5  Antioxidant Therapy in Acute Central Nervous System Injury: Current 
State 2002 
 
Free radicals are highly reactive molecules generated predominantly during cellular 
respiration and normal metabolism. Imbalance between cellular production of free 
radicals and the ability of cells to defend against them is referred to as oxidative stress 

(OS). OS has been implicated as a potential contributor to the pathogenesis of acute 
central nervous system (CNS) injury. After brain injury by ischemic or hemorrhagic 
stroke or trauma, the production of reactive oxygen species (ROS) may increase, 
sometimes drastically, (allegedly) leading to tissue damage via several different cellular 

molecular pathways. Radicals can cause damage to cardinal cellular components such as 
lipids, proteins, and nucleic acids (e.g., DNA), leading to subsequent cell death by modes 
of necrosis or apoptosis. The damage can become more widespread due to weakened 

cellular antioxidant defense systems. Moreover, acute brain injury increases the levels of 
excitotoxic amino acids (such as glutamate), which also produce ROS, thereby promoting 
parenchymatous destruction. Therefore, treatment with antioxidants may theoretically 
act to prevent propagation of tissue damage and improve both the survival and 
neurological outcome. Several such agents of widely varying chemical structures have 
been investigated as therapeutic agents for acute CNS injury. Although a few of the 
antioxidants showed some efficacy in animal models or in small clinical studies, 
these findings have not been supported in comprehensive, controlled 

trials in patients. Reasons for these equivocal results may include, in part, 
inappropriate timing of administration or suboptimal drug levels at the target site in CNS. 
Better understanding of the pathological mechanisms of acute CNS injury would 
characterize the exact primary targets for drug intervention. Improved antioxidant design 
should take into consideration the relevant and specific harmful free radical, blood brain 
barrier (BBB) permeability, dose, and time administration. Novel combinations of drugs 
providing protection against various types injuries will probably exploit the potential 
synergistic effects of antioxidants in stroke (Antioxidant Therapy in Acute Central 
Nervous System Injury: Current State. Gilgun-Sherki et al. Pharmacol. Rev. 
2002;54:271-284).   
 
This interesting article covered a wide range of antioxidants as is seen in their outline: 
I. Introduction 
    A. Acute Central Nervous System Injury Mechanisms 
    B. Reactive Free Radicals and Oxidative Stress in Acute Central Nervous System Injury 
        1. Oxidative Stress-Mediated Brain Damage. 
        2. Excitotoxicity Insults. 
        3. Oxidative Stress and Excitotoxicity. 
        4. Oxidative Stress-Induced Gene Expression. 
    C. Blood-Brain Barrier Integrity 
II. Antioxidants in the Treatment of Acute Central Nervous System Injury 
    A. Antioxidants 
    B. Experimental and Clinical Treatments of Acute Central Nervous System Injury 



        1. Vitamins. 
            a. In Prevention. 
            i. Clinical Studies. 
            b. In Treatment. 
        2. Coenzyme Q10. 
        3. Melatonin. 
        4. -Lipoic Acid. 
        5. Ebselen. 
            i. Animal Models. 
            ii. Clinical Studies. 
        6. Human Superoxide Dismutase/Superoxide Dismutase-Like Molecules. 
            i. Animal Studies. 
            ii. Clinical Studies. 
        7. Spin-Trap Scavenging Agents. 
        8. N-Acetylcysteine. 
        9. Glutathione. 
        10. Metal Ion Chelators. 
        11. Uric Acid. 
        12. Creatine. 
        13. Lazaroids. 
            i. Animal Model Studies. 
            ii. Clinical Studies. 
        14. Nicaraven. 
        15. Other Antioxidants. 
            i. 2,4-Diamino-Pyrrolo[2,3-D] Pyrimidines. 
            ii. Polyamines. 
            iii. MCI-186. 
III. Conclusion and Future Strategies 
 
Stroke is a sudden loss of brain function resulting from interference with the blood supply 
to the central nervous system (CNS1). Acute stroke can be classified either as ischemic 
(80% of stroke cases), which can be further classified to extra-cranial embolism and 
intracranial thrombosis, or a hemorrhagic stroke (20% of stroke cases), which can be 
further classified to intracerebral hemorrhage and subarachnoid hemorrhage.   
 
Stroke is the third most common cause of death in Europe and North America, and is a 
major cause of morbidity particularly in the middle-aged and elderly population. CNS 
damage occurs in stroke as a result of hypoxia.  Humans are constantly exposed to free 
radicals created by external sources from the environment (e.g., radon and cosmic 
radiation) or man-made and by internal cellular metabolisms. The most commonly 
occurring cellular free radical is superoxide radical, which is produced when an oxygen 
molecule gains one electron from another substance.  
 
Free radicals and related molecules are often classified together as reactive oxygen 
species (ROS) to signify their ability to lead to oxidative changes within the cell. These 
radicals can cause cellular damage to cardinal cellular components such as lipids. 
Polyunsaturated fatty acids are particularly vulnerable to free radical attack, because the 
double bonds within membranes allow easy removal of hydrogen ions by ROS such as 
OH·.  
 



Allegedly, oxidative stress (OS) is involved in acute and chronic CNS injury and is a 

major factor in the pathogenesis of neuronal damage.  Free radicals are generated 
by the constant use of oxygen in the mitochondria to supply the energy 
needs of the brain. Some enzymes expressed in the brain including monoamine 
oxidase, tyrosine hydroxylase, and L-amino acid oxidase produce H2O2 as a normal 
byproduct of their activity. The activity of other neuronal enzymes yields oxidants such as 
the Ca2+-dependent activation of phospholipase A2. That may lead to arachidonic acid 
release, producing O  through its subsequent metabolism by lipoxygenases and cyclo-
oxygenases to form eiconasoids. Auto-oxidation of endogenous substances, e.g., ascorbic 
acid and catecholamines, may yield high levels of H2O2.   
 
The BBB (blood-brain barrier) is a major barricade that separates the brain 
microenvironment from the blood within the cerebrovascular tree to allow complex 
neural signaling without external interference. According to ultrastructural studies, 
endothelial cells in the brain differ fundamentally in two ways from those in peripheral 
tissues. First, they have very few endocytotic vesicles, limiting the amount of trans-
cellular flux. Second, they are coupled by tight junctions or a zipper-like structure that 
seal the intercellular cleft and restrict par-cellular flux. 
 
1.3.7.6  Antioxidants 
 
Antioxidants are exogenous (natural or synthetic) or endogenous compounds acting in 
several ways including removal of O2, scavenging reactive oxygen species or their 
precursors, inhibiting ROS formation and binding metal ions needed for catalysis of ROS 

generation. The natural antioxidant system can be classified into two major groups: 
enzymes and low molecular weight antioxidants (LMWA). The enzymes include 
SOD, catalase, peroxidase, and some supporting enzymes. The LMWA group of 
molecules can be further classified into directly acting antioxidants (e.g., scavengers and 
chain breaking antioxidants) and indirectly acting antioxidants (e.g., chelating agents). 
The former are extremely important in defense against OS. This subgroup currently 
contains several hundred compounds. Most of them, including ascorbic and lipoic acids, 

polyphenols, and carotenoids, are derived from dietary sources. The cell itself 
synthesizes a minority of these molecules, such as glutathione and 
NADPH.  
 
The distribution of protective antioxidants in the body has some interesting features. For 
instance, there is a relatively high concentration of the water-soluble antioxidant 
vitamin C in the brain. However, vitamin E concentrations in CNS are not 
remarkably different from those in other organs. The concentrations of antioxidants 
also vary within the different regions of the brain itself. For instance, the lowest 
concentration of vitamin E is found in the cerebellum. It was also shown that 
enzymatic antioxidants, such as catalase, are in lower concentrations in 
the brain than in other tissues. 
 



An important finding of epidemiological studies on stroke is the lower risk of cerebral 
ischemic events among individuals with frequent consumption of fruit and vegetables. 
The specific nutrients responsible for this effect remain elusive, but antioxidant vitamins, 
such as vitamin E, -carotene, and vitamin C, which are free radical scavengers, may be 
major contributing factors to this phenomenon.  This is definitely a SWAG.  Vitamin C 
(ascorbic acid) is a water-soluble antioxidant that is found throughout the body as 
the ascorbate anion.  Brain concentration of vitamin C is 10-fold higher than its plasma 
levels (Frei and England, 1989; Schreiber and Trojan, 1991; Rose and Bote, 1993). This 
may indicate its potential role as a cerebro-protective agent.  I believe that it also 
indicates its prooxidant role in the brain.   
 
Epidemiological studies examining the correlation between antioxidant vitamin 
consumption and stroke incidence and mortality produced conflicting results. On the one 
hand, Gey et al. (1993), Keli et al. (1996), and Daviglus et al. (1997) found that increased 

antioxidant vitamin intake resulted in a decreased risk of stroke.  
 

On the other, two randomized trials showed that -carotene supplements (Hennekens 
et al., 1996) and intake of other antioxidant vitamins (Blot et al., 1993) were not 
associated with a reduced stroke risk. Yochum et al. (2000) found an inverse 
association between stroke mortality and dietary vitamin E in postmenopausal 
women. These conflicting results may indicate the failed role of antioxidants. 
 
To summarize, epidemiological studies preformed using vitamins to 
prevent stroke demonstrated conflicting results. The inconsistent results can 
be explained by the fact that vitamin C and vitamin E may be oxidized to form ascorbyl 
radical and -tocopherol radical, which may act as toxic pro-oxidants in some ischemic 
circumstances (Dyatlov et al., 1998; Rice, 2000). Here, they are saying that these 
great antioxidants are not antioxidants at all and it is their prooxidant 
activity that is leading to the failed studies.  Actually, they fail because 
the the studies are based on the failed free radical theory of Harman.  
No controlled clinical study was performed to verify whether vitamins may be beneficial 
as a treatment for acute stroke patients. Thus, vitamins may reduce stroke complications 
only if they are given at a specific dose, and within specific time window. Moreover, it 
may be that vitamins are beneficial only when the severity of stroke is mild with a low OS 
level in the ischemic zone. 
 
Coenzyme Q10 (ubiquinone) is a mobile and lipid-soluble compound within the 
hydrophobic core of the phospholipid bilayer of the inner membrane of the mitochondria. 
It is an essential cofactor in the electron transport chain, where it accepts electrons from 

complexes 1 and 2. Coenzyme Q10 also serves as an important antioxidant in lipid 
membranes either directly or by regenerating vitamin E. Its levels are known to 
decrease with age in both human and rat tissues.  It should also be pointed out that 
Co Q is a good prooxidant.  The effect of coenzyme Q10 on the survival of Mongolian 
gerbils with unilateral carotid ligation-induced stroke was examined. The control stroke 
gerbils died within 24 h. However, with a subcutaneous implantation of a 250-mg pellet 



of coenzyme Q10, an improvement was observed, with 45% survival at 4 weeks. Another 
study showed that oral administration of coenzyme Q10

 (10 mg/kg per 6 days) prevented 
the development of ischemic brain lesions in a rabbit model of SAH-induced 
symptomatic vasospasm.   
 
Melatonin (N-acetyl-5-methoxytryptamine) is an indoleamide secreted by the pineal 
gland, which has structural similarities to serotonin.  Melatonin treatment may be 
problematic due to its various physiological roles and multiple undesirable side effects. 
 

-Lipoate is a LMWA absorbed from the diet, which crosses the BBB. It is intracellularly 

reduced to dihydrolipoate, which is exported to the extracellular medium. Both -lipoate 
and especially dihydrolipoate are potent antioxidants and reduce lipid peroxidation.  -
Lipoate was shown to scavenge hydroxyl radicals, singlet oxygen, and nitric oxide. In 
addition, -lipoate chelates a number of transition metals, recycles other antioxidants 
(such as vitamin C and vitamin E), raises intracellular levels of glutathione, and 
modulates transcription factors activities, especially that of NF- B.   
 
Glutathione peroxidase, in both selenium-dependent and -independent forms, is one of 
the major enzymes responsible for the degredation of hydrogen peroxide and organic 
peroxides in the brain. The seleno-organic compound ebselen has antioxidant activity 

through a glutathione peroxidase-like action. This data has led to extended research of 
this molecule.  In 300 patients with acute ischemic stroke, treatment with ebselen 
(150 mg twice a day for 2 weeks) within 48 h of stroke onset showed, at 1 month, a 
significantly improved outcome, as measured by the Glasgow outcome scale. The 
improvement was maintained at 3 months, although this failed to reach statistical 
significance. 
 
SOD converts superoxide to hydrogen peroxide (H2O2) and represents the first line of 
defense against oxygen toxicity.  It was found that the traces of copper, zinc, and 

manganese metals are essential for maintaining the antioxidant activity of SOD.  In a 
multicenter, randomized controlled trial, polyethylene glycol-conjugated SOD 
therapy (pegorgotein) failed to improve outcome of patients with severe head injury, 
when given within 8 h after injury (Young et al., 1996). 
 
Spin-trap scavenging agents are molecules (usually with a nitrone moiety) that have been 
used in electron paramagnetic studies for trapping highly reactive, unstable radicals.  
Phenyl- -tert-butyl nitrone (PBN) is a synthetic antioxidant capable of scavenging 

oxygen- and carbon-based free radicals.   
 
N-Acetylcysteine. NAC is a thiol-containing compound used in clinical practice since the 
mid-1950s. NAC has been demonstrated to effectively reduce free radical species and 
other oxidants, especially OH and H2O2. NAC is not synthesized endogenously and 
cannot cross the BBB after exogenous administration. This fact limits the efficacy of 
NAC in vivo. 
 



Glutathione. GSH is a ubiquitous tri-peptide formed from three amino acids glutamate, 
glycine, and cysteine and synthesized by two ATP-dependent enzymatic reactions. It 
can also be generated from metabolism of NAC. GSH has major intracellular antioxidant 
activity, mainly due to the thiol group within the molecule. It plays a critical role in 
detoxification of peroxides and electrophilic toxins as a substrate for GSH peroxidase and 
GSH transferase. 
 
Free metal ions are associated with the pathology of various neurodegenerative diseases 
(e.g., copper in Wilson's disease and iron in the substantia nigra in Parkinson's disease). 
Therefore, proteins that are involved in the binding of metal ions were suggested to act as 
antioxidants. These may include transferrin (binds iron), ceruloplasmin (binds copper), 
and hemopexin (binds heme, a catalyst in oxidative reactions). Desferral, a potent 
chelator of redox-active metals, was shown to facilitate the clinical recovery of 
traumatized rats in a model of CHI.  Fleischer et al. (1987) did not find any benefit of 
deferoxamine in complete cerebral ischemia in dogs. 
 
 
Uric Acid. Uric acid is a waste product of the living cell, which is produced by xanthine 
oxidase. It is widely distributed in relatively high concentrations throughout the body. 
Urate contributes up to 60% of the total plasma antioxidant activity in healthy 
subjects. It acts as an antioxidant by interacting with 10 to 15% of the hydroxyl 
radicals produced daily and by efficiently scavenging both peroxyl radicals and 

singlet oxygen. It also binds iron and acts indirectly by stabilizing plasma ascorbate. In 
contrast, Benzie and Strain (1996) hypothesized that urate at high concentrations acts as a 
pro-oxidant and suggested that hyperuricemia is a risk factor for oxidative stress-
associated disorders. 
 
Creatine. Creatine (N-[aminoiminomethyl]-N-methyl glycine) is a tri-peptide 
endogenously produced from glycine, methionine, and arginine in the liver, kidney, and 
pancreas.  Creatine can be found in the muscle, but also in brain tissue.   
 
Lazaroids. Lazaroids are 21-aminosteroids derived from glucocorticosteroids, but they 
lack glucocorticoid and mineralocorticoid activities. They scavenge lipid peroxyl radicals 
and inhibit iron-dependent lipid peroxidation.  Tirilazad mesylate (U-74006F), one of the 
lazaroid series, is a lipophilic compound with a high affinity for vascular endothelium.   
Subarachnoid hemorrhage.  In two very similar multicenter trials of tirilazad in SAH, 
one in Europe, Australia, and New Zealand and the other in North America, conflicting 
results have been reported. Kassel et al. (1996) showed reduced mortality in patients 

treated with tirilazad (6 mg/kg/d for 10 days) and a better 3-month neurological outcome 
compared with those given placebo. Gender differences were observed, probably due to 
the pharmacokinetics of tirilazads, which is metabolized by the P450 enzyme system in 
the liver. In contrast, Haley et al. (1997) found no differences between the tirilazad 
and placebo groups. 
 
Nicaraven. Two recent studies using nicaraven (also called AVS (±)-N,N'-
propylenedinicotinamide), a hydroxyl radical scavenger, confirmed its antivasospastic 



and brain-protective activities, accompanied by improved cerebral blood flow and 
glucose use in a rat model of SAH.   
 
Other Antioxidants. i. 2,4-Diamino-Pyrrolo[2,3-D] Pyrimidines. In vivo models of oxidative 
injury in mice and ischemia models in rats have recently shown some efficacy of the 
novel 2,4-diamino-pyrrolo [2,3-D] pyrimidines.   
ii. Polyamines. It has been well established that alterations in polyamines (e.g., spermidine 
and spermine), which are potent antioxidants and anti-inflammatory agents, occur in 
animal models of focal and global ischemia and traumatic brain injury.   
iii. MCI-186. This is a free radical scavenger that was shown to inhibit in vitro both 
nonenzymatic lipid peroxidation and lipoxygenase activity. 
 
Conclusions:   
Antioxidants of varying chemical structures have been investigated as therapeutic agents 
in the treatment of acute CNS injury (Table 1).  
 

 
TABLE 1 

Antioxidants and free radical scavengers currently available for the treatment of 
acute CNS injury  

 

   Endogenous enzymes, e.g., SOD and glutathione peroxidase-like molecules (e.g., 
ebselen) 
   Endogenous antioxidant compounds (also found in diet), e.g., tocopherols (vitamin 
E), ascorbic acid (vitamin C), carotenoids ( -carotene) 
   Other endogenous antioxidant substances, e.g., uric acid, glutathione, and 
glutathione precursors e.g., cysteine (given as NAC), melatonin, and creatine 
   Endogenous antioxidant cofactors, e.g., coenzyme Q10 
   Metal chelators, e.g., deferoxamine, desferal, and nitrone-based free radical traps 
e.g., PBN and lipoic acid 
   Naturally occurring plant substances, e.g., flavonoids 
   Synthetic free radical compounds, e.g., 21-aminosteroids (lazaroids) and 
pyrrolopyrimidines 
   Other compounds, e.g., polyamines, MCI-186  

 
Although some of the antioxidants showed efficiency in animal models, most of them 
did not show beneficial effect in clinical trials performed to date (Table 2). 

 
 

http://pharmrev.aspetjournals.org/cgi/content/full/54/2/271


 
TABLE 2 

Efficacy of antioxidants in the 
treatment of cerebral ischemia and 
intracranial hemorrhage in clinical 

studies  
 

Antioxidant Disease Efficacy References 

Vitamins (mainly E, C, carotenoids ( -
carotene), and flavonoids 

Ischemic 
stroke 

+ Gey et al., 1993; Keli 
et al., 1996; Daviglus 
et al., 1997 

   Blot et al., 1993; 
Hennekens et al., 
  1996 

  +/  Yochum et al., 2000 
(just from food) 

Ebselen  + Yamaguchi et al., 1998
  + Ogawa et al., 1999 
 SAH  Saito et al., 1998 
Tirilazad mesylate SAH + Kassel et al., 1996 
   Haley et al., 1997 
 Head 

injury 
 Marshall et al., 1998; 

Maas et al., 1999 
 Spinal cord 

injury 
 Bracken et al., 1997 

Superoxide dismutase-like Head 
injury 

 Young et al., 1996 

Nicaraven SAH + Asano et al., 1996  
 
(Antioxidant Therapy in Acute Central Nervous System Injury: Current State 
Gilgun-Sherki et al. Pharmacol. Rev. 2002;54:271-284).   
 
 
1.3.7.7  Vitamins C and E do not reduce mucosal EMOD damage in H. pylori 
gastritis 
 
Reactive oxygen species have been implicated in Helicobacter pylori-mediated 
gastric carcinogenesis, whereas diets high in antioxidant vitamins C and E are 



protective. They have examined the effect of vitamin C and E supplements in 
combination with H. pylori eradication on reactive oxygen species activity in H. pylori 
gastritis. H. pylori-positive patients were randomized into four groups: triple therapy 
alone (Bismuth chelate, tetracycline, and metronidazole for 2 weeks), vitamins alone 
(200mg vitamin C and 50mg vitamin E, both twice per day for 4 weeks), both treatments 
or neither. Plasma and mucosal ascorbic acid, malondialdehyde and reactive oxygen 
species were determined before and after treatment. Compared with normal controls (n 
61), H. pylori-positive patients (n 117) had higher mucosal reactive oxygen species and 
malondialdehyde levels and lower plasma ascorbic acid. Plasma ascorbic acid doubled in 
both groups of patients receiving vitamins and mucosal levels also increased. 
Malondialdehyde and reactive oxygen species fell in patients in whom H. pylori was 
eradicated but vitamin supplements were not effective either alone or in combination with 
H. pylori eradication. Supplements of vitamins C and E do not significantly reduce 
mucosal reactive oxygen species damage in H. pylori gastritis (Antioxidant vitamin 
supplements do not reduce reactive oxygen species activity in Helicobacter pylori 
gastritis in the short term.  S.M. Everett et al. Br J Nutr. 2002 Jan;87(1):3-11).  Again, 
antioxidants vitamins C and E fail to meet the predictions of the free Radi-crap 
theory.  

1.3.7.8  Overview of the Women's Antioxidant Cardiovascular Study (WACS) 

Observational evidence suggests that diets rich in antioxidants may protect against risk of 
cardiovascular disease, but results from trials have generally been disappointing. The 
Women's Antioxidant Cardiovascular Study (WACS) examined the effects of 
vitamins C and E and beta carotene, as well as their combinations, in a randomized 
factorial trial among women at increased risk of vascular events. There were no 
significant effects on the primary end point of total cardiovascular disease, 
suggesting that widespread use of these agents for cardiovascular disease prevention 
does not appear warranted. 

 

1.3.8.0  Antioxidants and increased mortality 

Systematic reviews and meta-analyses of these randomized trials have not demonstrated 
that -carotene, vitamin A, and vitamin E in the administered dosages lead to decreased 
mortality, and some analyses have suggested the possibility of increased 
mortality (Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of 
antioxidant vitamins for the prevention of cardiovascular disease: meta-analysis of 
randomised trials. Lancet (2003) 361:2017–23) (Bjelakovic G, Nikolova D, Simonetti 
RG, Gluud C. Antioxidant supplements for preventing gastrointestinal cancers. Cochrane 
Database Syst Rev (2004) (4):CD004183) (Bjelakovic G, Nikolova D, Simonetti RG, 
Gluud C. Antioxidant supplements for prevention of gastrointestinal cancers: a 
systematic review and meta-analysis. Lancet (2004) 364:1219–28) (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 G, Nikolova D, Gluud LL, Simonetti RG, Gluud C. Mortality in 
randomized trials of antioxidant supplements for primary and secondary prevention: 
systematic review and meta-analysis. JAMA (2007) 297:842–57). 

There are several possible explanations for the potential negative effect of antioxidant 
supplements. Reactive oxygen species in moderate concentrations are essential mediators 
of reactions by which the body gets rid of unwanted cells. Thus, if administration of 
antioxidant supplements decreases free radicals, it may interfere with essential defensive 
mechanisms for ridding the organism of damaged cells, including those that are 
precancerous and cancerous (Salganik RI. The benefits and hazards of antioxidants: 
controlling apoptosis and other protective mechanisms in cancer patients and the human 
population. J Am Coll Nutr (2001) 20(Suppl):464S–72S). 

1.3.8.1  Vitamin supplements don't help you live longer 

The following was written by: Catharine Paddock, PhD, Copyright: Medical News Today 
on 16 Apr 2008.    
 
After reviewing nearly 70 randomized studies on the effects of vitamin or antioxidant 
supplements, scientists in Denmark concluded there is no evidence that they prolong life, 
and even found evidence that some of them, such as beta-carotene, Vitamin A and 
Vitamin E, may actually shorten it.  
 
The review is the work of Dr Christian Gluud, director of medical science, associate 
professor and department head of the Copenhagen Trial Unit at the Centre for Clinical 
Intervention Research and Copenhagen University Hospital in Denmark, and colleagues. 
It is published in the latest issue of the The Cochrane Library. 
 
The reviewers warned that healthy people who take antioxidant supplements 
such as Vitamin A and E to ward off diseases like cancer could be 
disrupting their body's natural defences and increasing their risk of 
early death by as much as 16 per cent. 
 
While fruit and vegetables are the main source of antioxidants in the diet, most people do 
not eat enough to meet their daily requirement. However, it is not clear if taking 
supplements has the same effect as a healthy diet, or can be harmful, even.  Antioxidants 
are marketed as a means to overcome the damaging effect of oxygen on cells by 
neutralizing the effect of free radicals. The reviewers said this is where they could be 
interfering with the body's natural defence processes. 
 
Gluud said: 
 
"The harmful effects of antioxidant supplements are not confined to vitamin A." 
 
"Our analyses also demonstrate rather convincingly that beta-carotene and Vitamin E 
lead to increased mortality compared to placebo," he added.  Gluud and colleagues 



carried out a meta-analysis (a systematic way of statistically analysing data pooled from a 
number of studies that meet stated inclusion criteria) of 67 randomized studies covering 
over 200,000 participants. 
 
They included studies on healthy adults and also studies where adults had been diagnosed 
with certain specific, but stable, conditions. They excluded studies on children, 
pregnant women, and people with acute or malignant diseases, and studies where 
the supplements were being used specifically to replace known nutrient deficiencies. 
 
The reviewers found that Vitamin A supplements increased the risk of death 
in healthy participants by 16 per cent, while beta-carotene and Vitamin 
E were associated with a 7 per cent and a 4 per cent increased risk of 
death respectively. 
 
The reviewers found no evidence that Vitamin C caused harm, but they 
equally found no evidence that it helps prevent disease. 
 
Review team leader, Goran Bjelakovic, said in a statement quoted by the Telegraph that:  
"We could find no evidence to support taking antioxidant supplements to reduce the risk 
of dying earlier in healthy people or patients with various diseases."   
 
"If anything, people in trial groups given the antioxidants beta-carotene, vitamin A, 
and vitamin E showed increased rates of mortality," he added.  The reviewers made 
a "plea for urgent political action" to bring in stiffer regulation of antioxidant 
supplements. 
 
Gluud said, in no uncertain terms that, "We should request that the regulatory authorities 
dare to regulate the industry without being financially dependent on the very same 
industry." 
 
But the reaction of other scientists and industry experts has been mixed.  Dr Jeffrey 
Blumberg, director of the Antioxidants Research Laboratory at the US Department of 
Agriculture Human Nutrition Research Center on Aging and a professor with the 
Friedman School of Nutrition Science and Policy at Tufts University in 
Medford/Somerville, Massachusetts, who was not involved in the review, told Health 
Behavior News Service that, "I could find nowhere in this report any review of regulatory 
practices and effectiveness or the evaluation of public health policies, procedures or 
perspectives." 
 
And a supplement industry spokesman, Dr Andrew Shao, vice president of scientific 
and regulatory affairs for the Council for Responsible Nutrition, a supplement industry 
trade association in Washington DC, questioned the way that studies were selected for the 
review. For example, the review only included studies where someone died.  "Four 
hundred [and] five studies which showed no deaths were excluded from the meta-
analysis, which if included, clearly would have altered the outcome of the meta-analysis," 



said Shao, who maintained that antioxidant supplements were safe when part of a healthy 
diet. 
 
Gluud said their methods were robust, because most of the trials in which no deaths 
occurred were not "proper preventative trials", he said, according to Health Behavior 
News. 
 
Blumberg also said he was concerned about using criteria like "all-cause mortality" 
in research on antioxidants, because that included deaths from anything, for 
example cancer or a train wreck.  However, a representative of the British Dietetic 
Association, Catherine Collins, told the Telegraph that she found the study "deeply 
worrying and shows that there should be more regulation for vitamins and minerals". 
 
"The public can buy vitamins as easily as sweets. They should be treated in the same way 
as paracetamol [acetaminophen] with maximum limits on the dosage," said Collins. 
 
The Cochrane Library is part of The Cochrane Collaboration, a global organization that 
evaluates medical research. The Library specializes in systematic reviews that form 
evidence-based conclusions after considering available published trials on medical 
applications. 
 
"Antioxidant supplements for prevention of mortality in healthy participants and 
patients with various diseases (Review)". 
Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud C. 
Cochrane Database of Systematic Reviews 2008, Issue 2. 
Available online, 16 April 2008. 
 
Sources: Cochrane Library, Health Behavior News Service, Telegraph. 

Donald Berry, chairman of the department of biostatistics at the University of Texas 
M.D. Anderson Cancer Center, said the analysis persuades him antioxidants have no 
measurable health benefits, but he disagrees with the researchers' finding of an increase 
risk of dying.  "There are so many choices you can make when you're doing these 
analyses," he said. 

Alice Lichtenstein, a professor of nutrition science and policy at Tufts University who 
was not involved with the research, said the study's main message is: "Rely on food to 
get your nutrients." 

1.3.8.2  Antioxidants may cause harm 

Thus, antioxidant supplements may actually cause some harm 
(Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of antioxidant vitamins 
for the prevention of cardiovascular disease: meta-analysis of randomised trials. Lancet 
(2003) 361:2017–23) (Bjelakovic G, Nikolova D, Simonetti RG, Gluud C. Antioxidant 
supplements for preventing gastrointestinal cancers. Cochrane Database Syst Rev (2004) 



(4):CD004183) (Bjelakovic G, Nikolova D, Simonetti RG, Gluud C. Antioxidant 
supplements for prevention of gastrointestinal cancers: a systematic review and meta-
analysis. Lancet (2004) 364:1219–28) (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 G, Nikolova D, Gluud LL, Simonetti RG, Gluud C. Mortality in randomized 
trials of antioxidant supplements for primary and secondary prevention: systematic 
review and meta-analysis. JAMA (2007) 297:842–57) (Caraballoso M, Sacristan M, 
Serra C, Bonfill X. Drugs for preventing lung cancer in healthy people. Cochrane 
Database Syst Rev (2003) (2):CD002141).  

Our diets typically contain safe levels of vitamins, but high-level 
antioxidant supplements could potentially upset an important 
physiologic balance (Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use 
of antioxidant vitamins for the prevention of cardiovascular disease: meta-analysis of 
randomised trials. Lancet (2003) 361:2017–23) (Bjelakovic G, Nikolova D, Simonetti 
RG, Gluud C. Antioxidant supplements for preventing gastrointestinal cancers. Cochrane 
Database Syst Rev (2004) (4):CD004183) (Bjelakovic G, Nikolova D, Simonetti RG, 
Gluud C. Antioxidant supplements for prevention of gastrointestinal cancers: a 
systematic review and meta-analysis. Lancet (2004) 364:1219–28) (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 G, Nikolova D, Gluud LL, Simonetti RG, Gluud C. Mortality in 
randomized trials of antioxidant supplements for primary and secondary prevention: 
systematic review and meta-analysis. JAMA (2007) 297:842–57) (Caraballoso M, 
Sacristan M, Serra C, Bonfill X. Drugs for preventing lung cancer in healthy people. 
Cochrane Database Syst Rev (2003) (2):CD002141).  

Antioxidants could be beneficial in people with innate or acquired high 
baseline levels of reactive oxygen species but be harmful in people with 
lower innate levels (Salganik RI. The benefits and hazards of antioxidants: 
controlling apoptosis and other protective mechanisms in cancer patients and the human 
population. J Am Coll Nutr (2001) 20(Suppl):464S–72S).  

It is important to keep in mind that antioxidant supplements are synthetic and 
possess prooxidant properties as well (Vertuani S, Angusti A, Manfredini S. The 
antioxidants and pro-antioxidants network: an overview. Curr Pharm Des (2004) 
10:1677–94).  

These factors could explain a possible increase in the risk of cancer and cardiovascular 
diseases. Meta-analyses of randomized clinical trials have not shown that antioxidant 
supplements reduce cancer incidence (Bjelakovic G, Nikolova D, Simonetti RG, Gluud 
C. Antioxidant supplements for preventing gastrointestinal cancers. Cochrane Database 
Syst Rev (2004) (4):CD004183) (Bjelakovic G, Nikolova D, Simonetti RG, Gluud C. 
Antioxidant supplements for prevention of gastrointestinal cancers: a systematic review 



and meta-analysis. Lancet (2004) 364:1219–28) (Caraballoso M, Sacristan M, Serra C, 
Bonfill X. Drugs for preventing lung cancer in healthy people. Cochrane Database Syst 
Rev (2003) (2):CD002141) (Bjelakovic G, Nagorni A, Nikolova D, Simonetti RG, 
Bjelakovic M, Gluud C. Meta-analysis: antioxidant supplements for primary and 
secondary prevention of colorectal adenoma. Aliment Pharmacol Ther (2006) 24:281–
91). 

1.3.8.3  Multivitamins double risk of fatal prostate cancer 

Lawson et al. report the results of a prospective observational study. They investigated the 
association between multivitamin use and prostate cancer risk in 295,344 men enrolled in 
the National Institutes of Health (NIH)–AARP Diet and Health Study (Lawson KA, 
Wright ME, Subar A, Mouw T, Schatzkin A, Leitzmann MF. Multivitamin use and risk 
of prostate cancer in the National Institutes of Health–AARP Diet and Health Study. J 
Natl Cancer Inst (2007) 99:754–64). The men were clinically cancer free at enrollment. 
The authors found that use of multivitamins more than seven times per week, 
when compared with never use, was associated with a doubling in the 
risk of fatal prostate cancer (relative risk = 1.98, 95% confidence interval = 1.07 to 
3.66). The study of Lawson et al. is observational, and therefore confounding by 
indication and other confounding cannot be excluded. But the sample studied is very 
large, which reduces random errors, and the study seems well conducted.  

The results are in accord with the results of systematic reviews and meta-analyses of 
randomized clinical trials (Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. 
Use of antioxidant vitamins for the prevention of cardiovascular disease: meta-analysis of 
randomised trials. Lancet (2003) 361:2017–23) (Bjelakovic G, Nikolova D, Simonetti 
RG, Gluud C. Antioxidant supplements for preventing gastrointestinal cancers. Cochrane 
Database Syst Rev (2004) (4):CD004183) (Bjelakovic G, Nikolova D, Simonetti RG, 
Gluud C. Antioxidant supplements for prevention of gastrointestinal cancers: a 
systematic review and meta-analysis. Lancet (2004) 364:1219–28) (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 G, Nikolova D, Gluud LL, Simonetti RG, Gluud C. Mortality in 
randomized trials of antioxidant supplements for primary and secondary prevention: 
systematic review and meta-analysis. JAMA (2007) 297:842–57) (Caraballoso M, 
Sacristan M, Serra C, Bonfill X. Drugs for preventing lung cancer in healthy people. 
Cochrane Database Syst Rev (2003) (2):CD002141)..  

The findings lend further credence to the possibility of harm associated with 
increased use of supplements, including increased rates of cancer (Bjelakovic G, 
Nikolova D, Simonetti RG, Gluud C. Antioxidant supplements for preventing 
gastrointestinal cancers. Cochrane Database Syst Rev (2004) (4):CD004183) (Bjelakovic 
G, Nikolova D, Simonetti RG, Gluud C. Antioxidant supplements for prevention of 
gastrointestinal cancers: a systematic review and meta-analysis. Lancet (2004) 364:1219–
28) (Caraballoso M, Sacristan M, Serra C, Bonfill X. Drugs for preventing lung cancer in 
healthy people. Cochrane Database Syst Rev (2003) (2):CD002141) (Bjelakovic G, 



Nagorni A, Nikolova D, Simonetti RG, Bjelakovic M, Gluud C. Meta-analysis: 
antioxidant supplements for primary and secondary prevention of colorectal adenoma. 
Aliment Pharmacol Ther (2006) 24:281–91) and cardiovascular mortality 
(Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of antioxidant vitamins 
for the prevention of cardiovascular disease: meta-analysis of randomised trials. Lancet 
(2003) 361:2017–23). 

Lawson et al. add to the growing evidence that questions the beneficial value of 
antioxidant vitamin pills in generally well-nourished populations and underscore the 
possibility that antioxidant supplements could have unintended consequences for 
our health (Lawson KA, Wright ME, Subar A, Mouw T, Schatzkin A, Leitzmann MF. 
Multivitamin use and risk of prostate cancer in the National Institutes of Health–AARP 
Diet and Health Study. J Natl Cancer Inst (2007) 99:754–64).  

The American diet provides 120% of the recommended dietary 
allowances for -carotene, vitamin A, and vitamin C, and dietary 
vitamin E deficiency has never been reported in the United States 
(Maxwell SR. Antioxidant vitamin supplements: update of their potential benefits and 
possible risks. Drug Saf (1999) 21:253–66) (Herbert V, Subak-Sharpe GJ, Hammock D, 
eds. The Mount Sinai School of Medicine Complete Book of Nutrition. (1990) New York 
(NY): St Martin's Press) (Herbert V. The antioxidant supplement myth. Am J Clin Nutr 
(1994) 60:157–8) (Herbert V. The value of antioxidant supplements vs their natural 
counterparts. J Am Diet Assoc (1997) 97:375–6) (Seifried HE, McDonald SS, Anderson 
DE, Greenwald P, Milner JA. The antioxidant conundrum in cancer. Cancer Res (2003) 
63:4295–8).  

Whether oxidative stress is a primary cause of chronic diseases and the aging 
process itself or merely a secondary phenomenon is another question that deserves 
debate and scrutiny (Halliwell B. Free radicals, antioxidants, and human disease: 
curiosity, cause, or consequence? Lancet (2000) 344:721–4). 

What happens in a petri dish or in preclinical assays may not happen in people 
(http://www.jameslindlibrary.org; http://www.cochrane.org). Public investment in 
independent clinical research will be needed to adequately test hypotheses generated in 
the laboratory. 

1.3.8.4  The antioxidant supplement myth by Victor Herbert 

Some of the following was taken from:  Herbert V. The antioxidant supplement myth. 
Am J Clin Nutr (1994) 60:157–8. Here Dr. Herbert discusses the fact that antioxidant 
supplements are not purely antioxidants but they possess considerable prooxidant 
activity. 

1.3.8.5  Excessive EMODs allegedly cause disease 

Free radicals in disease. Excessive free radical production has allegedly  

http://www.jameslindlibrary.org/
http://www.cochrane.org/


been involved in the occurrence in several disease processes. 
1. drug toxicities 
2. inflammation 
3. aging 
4. fibrosis 
5. carcinogenesis 
6. lipid peroxidation cellular membranes 
7. implicated in several specific diseases 
a. atherosclerosis 
b. degenerative neurologic disease 
c. reperfusion injury 
8. oxygen toxicity 
 
A number of diseases are associated with oxidative stress, being the basis of a potential 
antioxidant therapy. However, current evidence in clinical research does not show 
unequivocal distinction between causal or associative relationships of prooxidants to the 
disease process. 
 
Small non-enzymatic antioxidant molecules—some derived from dietary sources—
are allegedly important in trapping ROS. These include ascorbate, pyruvate, 
flavonoids, carotenoids and glutathione (Beckman KB, Ames BN (1998), The free 
radical theory of aging matures. Physiol Rev 78(2):547-581). 
 
1.3.9.0  Reductive stress, glutathione linked to heart disease 
 
Antioxidants are widely considered an important defense against heart disease, but 
University of Utah researchers have found excessive levels of one antioxidant--reduced 
glutathione--actually may contribute to heart disease as reported in Science Daily on 
August 10, 2007.  
 
The findings, published in Cell, indicate a new class of drugs can be developed to treat or 
even prevent heart disease caused by "reductive stress," according to Ivor J. Benjamin, 
M.D., Christi T. Smith Chair of Cardiovascular Research, division chief of cardiology at 
the U School of Medicine and the study's principal author.  
 
The protein alpha B-Crystallin, termed a molecular chaperone, normally helps long strips 
of other proteins fold inside cells. When it works properly, the cell produces the correct 
amount of reduced glutathione, which is healthy for the body. Unfortunately, when the 
gene that makes alpha B-Crystallin is mutated in humans, the protein unfolds improperly 
into aggregrates, the hallmark of the condition in different organs, including the heart. 
When that happens, reduced glutathione is produced in such excessive levels that it 
harms the heart, Benjamin said. The resulting condition is called reductive stress. 
 
In a study of laboratory mice with failing hearts caused by mutant alpha B-Crystallin, 
Benjamin and several U of U colleagues found increased activity of the biochemical 
pathway leading to high levels of reduced glutathione in the animals.  Glutathione, one 



of the body's most powerful antioxidants, is regulated at multiple steps principally by 
the G6PD enzyme. To establish the connection between reduced glutathione and heart 
failure, Benjamin mated mutant alpha B-Crystallin mice that carried too much G6PD 
with mice that had far lower levels. The resulting offspring had normal levels of 
reduced glutathione and did not develop heart failure. 
  
"Lowering the level of reduced glutathione dramatically changed the survival of 
these mice," Benjamin said. "Basically, we prevented them from getting heart failure." 
Heart, Alzheimer's, Parkinson's, and other deadly diseases are associated with oxidative 
stress, in which "free radical" molecules are produced in reaction to oxygen intake. Free 
radicals travel the body, triggering chemical reactions that damage proteins and causing 
them to form aggregates. Many people take antioxidants to prevent heart and other 
protein-aggregate diseases, but there actually is scant evidence to prove they work, 
according to Benjamin. 
 
Until now, reductive stress has not been looked at in the context of disease. "This is a 
case of too much of a good thing," Benjamin said. "Our findings indicate reductive stress 
warrants a more thorough investigation."  "This field of medicine has not appreciated 
reductive stress and its influence on disease," he said. "This is about balance needed in 
the environment of our cells, and it can have profound consequences on the treatments of 
heart disease and other serious disorders.”  ("Human aB-Crystallin Mutation Causes 
Oxido-Reductive Stress and Protein Aggregation Cardiomyopathy in Mice." Namakkal S. 
Rajasekaran et al.  Cell 130, 427--439, August 10, 2007).  I believe that reductive stress 
is partly responsible for EMOD insufficiency syndrome and a host of 
pathophysiologies.   
 
1.3.9.1  Cleveland Clinic meta-analysis: Vitamin E and beta carotene do not work 
 
“Take vitamin E to fight heart disease.” Or : “Don’t take vitamin E ,” leaving consumers 
confused about the best way to support their cardiac health. (Vitamin E: The Little 
Heart Health Supplement that Couldn't, Men's Health Advisor, Vol 5/Number4, April 
2003). 
  
Clearing the confusion  
Researchers at the Cleveland Clinic decided to clear up the confusion by doing a meta-
analysis, an overview study of the best designed, largest studies of antioxidants. A meta-
analysis allows investigators to combine the results of many studies, thereby allowing 
small benefits or harm to be seen that may not have been appreciated in any one study. 
Their findings were recently published in the prestigious British medical journal The 
Lancet (Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of antioxidant 
vitamins for the prevention of cardiovascular disease: meta-analysis of randomised trials 
2003 Lancet 2003 June 14; 361: 2017–23). Here’s what they found.  
 
The researchers analyzed results from seven large randomized trials of vitamin E, 
alone or in combination with other antioxidants, and eight of beta carotene. The 
doses of vitamin E ranged from 50-800 international units (IU); for beta carotene, the 



doses were  
15-50 milligrams (mg).  
 
Overall, 81,788 patients were included in the vitamin E portion of the meta-analysis 
and 138,113 in the beta carotene portion. The CCF researchers looked for the effect of 
antioxidant vitamins on death rates, either from cardiovascular disease or from any other 
cause (“all-cause mortality”).  
 
The bottom line  
Vitamin E did not provide any benefit in lowering mortality compared to control 
treatments, and it did not significantly decrease the risk of cardiovascular death or 
stroke (“cerebrovascular accident”). The lack of any beneficial effect was seen 
consistently regardless of the doses of vitamins used and the diversity of the patient 
populations. Therefore, the CCF researchers conclude that this study does 
“not support the routine use of vitamin E.”  
 
Beta carotene led to small but statistically significant increase in all-
cause mortality and a slight increase in cardiovascular death. The 
researchers call their findings “especially concerning” because beta carotene doses are 
commonly included in over-the-counter vitamin supplements and multivitamin 
supplements that have been advocated for widespread use.  
 
The study says that using vitamin supplements that contain beta carotene should be 
“actively discouraged” because of the increase in the risk of death. They also 
recommend discontinuing study of beta carotene supplements because of their risk.  
 
Researchers further stated that they do not support the continued use of vitamin E 
treatment, and they discourage the inclusion of vitamin E in further studies of patients 
who are known to be at high-risk of heart disease.  
 
These findings further strengthen the contention that diet supplements are no substitute 
for good eating habits, exercise, weight loss and smoking cessation as a means of 
minimizing the risk of heart disease (Yusuf S, Davaenis G, Pogue J, Bosch, J, Sleight 
P.  Vitamin E supplementation and cardiovascular events in high-risk patients.  The Heart 
Outcomes Prevention Evaluation Study Investigators. New England Journal of Medicine 
2000 Jan; 342(3):154-60). 
 
1.3.9.2  Vitamin E increases mortality 
 
The American College of Physicians performed a meta-analysis (combined data from 
published research studies) to see if there was a correlation between the amounts of 
vitamin E taken and the risk of all-cause mortality (death from any cause). Nineteen 
clinical trials (total of 135,967 patients) involving vitamin E were analyzed; the average 
intake of vitamin E in each of the trials was 400 IU per day. (Annals of Internal 
Medicine, January 2005). This is the Edgar R. Miller et al. study.  
The Results  



The researchers found that patients taking as little as 150 IU vitamin E per 
day showed a significant increase in all-cause mortality.  
 
1.3.9.3  Vitamin E does not decrease Alzheimer’s risk 
 
The Alzheimer’s Disease Cooperative Study (ADCS) Group looked at the effect of 
vitamin E on patients who had mild cognitive impairment to see if they could slow the 
progression of the onset of Alzheimer’s Disease. The study participants took either 2000 
IU of vitamin E or a placebo pill each day for 3 years. (NEJM June 9

th 
2005)  

The Results  
The researchers found that vitamin E did not slow the onset of Alzheimer’s Disease in 
patients with mild cognitive impairment. 
 
1.3.9.4  Vitamin E has no effect on intimal thickness 

Oxidative stress and inflammation are allegedly crucial in atherogenesis. -Tocopherol is 
both an antioxidant and an antiinflammatory agent.  

Objective: Devaraj et al. evaluated the effect of RRR- -tocopherol supplementation on 
carotid atherosclerosis in patients with stable coronary artery disease (CAD) on drug 
therapy.  

Design: Randomized, controlled, double-blind trial compared RRR- -tocopherol (1200 
IU/d for 2 y) with placebo in 90 patients with CAD. Intimal medial thickness (IMT) of 
both carotid arteries was measured by high-resolution B-mode ultrasonography at 0, 1, 
1.5, and 2 y. At 6-mo intervals, plasma -tocopherol concentrations, C-reactive protein 
(CRP), LDL oxidation, monocyte function (superoxide anion release, cytokine release, 
and adhesion to endothelium), and urinary F2-isoprostanes were measured.  

Results: -Tocopherol concentrations were significantly higher in the -tocopherol 
group but not in the placebo group. High-sensitivity CRP concentrations were 
significantly lowered with -tocopherol supplementation than with placebo (32%; P < 
0.001). -Tocopherol supplementation significantly reduced urinary F2-isoprostanes (P < 
0.001) and monocyte superoxide anion and tumor necrosis factor release compared with 
baseline and placebo (P < 0.001). No significant difference was observed in the mean 
change in total carotid IMT in the placebo and -tocopherol groups. In addition, no 
significant difference in cardiovascular events was observed (P = 0.21).  

Conclusions: High-dose RRR- -tocopherol supplementation in patients with CAD was 
safe and significantly reduced plasma biomarkers of oxidative stress and inflammation 
but had no significant effect on carotid IMT during 2 years.  (S. Devaraj, R. Tang, B. 
Adams-Huet, A. Harris, T. Seenivasan, J. A de Lemos, and I. Jialal.  Effect of high-dose 
{alpha}-tocopherol supplementation on biomarkers of oxidative stress and inflammation 
and carotid atherosclerosis in patients with coronary artery disease.  Am. J. Clinical 
Nutrition, November 1, 2007; 86(5): 1392 – 1398). 



1.3.9.5  JAMA article finds medical myths appear stronger than medical facts 

Health claims from observational data can persist long after being debunked in 
RCTs.  Observational studies may take on a life of their own in the literature, 
hanging on even after they have been discredited by randomized controlled trials 
(Persistence of Contradicted Claims in the Literature. Athina Tatsioni, MD; Nikolaos G. 
Bonitsis, MD; John P. A. Ioannidis, MD. JAMA 2007; 298:2517-2526.).   

Some research findings based on observational epidemiology are contradicted by 
randomized trials, but may nevertheless still be supported in some scientific circles.  

Objectives  To evaluate the change over time in the content of citations for 2 highly cited 
epidemiological studies that proposed major cardiovascular benefits associated with 
vitamin E in 1993; and to understand how these benefits continued being defended in the 
literature, despite strong contradicting evidence from large randomized clinical trials 
(RCTs). To examine the generalizability of these findings, we also examined the extent of 
persistence of supporting citations for the highly cited and contradicted protective effects 
of beta-carotene on cancer and of estrogen on Alzheimer disease.  

Data Sources  For vitamin E, we sampled articles published in 1997, 2001, and 2005 
(before, early, and late after publication of refuting evidence) that referenced the highly 
cited epidemiological studies and separately sampled articles published in 2005 and 

referencing the major contradicting RCT (HOPE trial). We also sampled articles 
published in 2006 that referenced highly cited articles proposing benefits associated with 
beta-carotene for cancer (published in 1981 and contradicted long ago by RCTs in 1994-
1996) and estrogen for Alzheimer disease (published in 1996 and contradicted recently by 
RCTs in 2004).  

Data Extraction  The stance of the citing articles was rated as favorable, equivocal, and 
unfavorable to the intervention. We also recorded the range of counterarguments raised to 
defend effectiveness against contradicting evidence.  

Results  For the 2 vitamin E epidemiological studies, even in 2005, 50% of citing articles 
remained favorable. A favorable stance was independently less likely in more recent 
articles, specifically in articles that also cited the HOPE trial (odds ratio for 2001, 0.05 
[95% confidence interval, 0.01-0.19; P < .001] and the odds ratio for 2005, 0.06 [95% 
confidence interval, 0.02-0.24; P < .001], as compared with 1997), and in general/internal 
medicine vs specialty journals. Among articles citing the HOPE trial in 2005, 41.4% were 
unfavorable. In 2006, 62.5% of articles referencing the highly cited article that had 
proposed beta-carotene and 61.7% of those referencing the highly cited article on 
estrogen effectiveness were still favorable; 100% and 96%, respectively, of the citations 
appeared in specialty journals; and citations were significantly less favorable (P = .001 
and P = .009, respectively) when the major contradicting trials were also mentioned. 
Counterarguments defending vitamin E or estrogen included diverse selection and 

information biases and genuine differences across studies in participants, interventions, 
cointerventions, and outcomes. Favorable citations to beta-carotene, long after 



evidence contradicted its effectiveness, did not consider the 
contradicting evidence.  

Conclusion:  Claims from highly cited observational studies persist and continue to 
be supported in the medical literature despite strong contradictory evidence from 
randomized trials.  (Persistence of Contradicted Claims in the Literature. Tatsioni, A. et 
al. JAMA 2007; 298:2517-2526.)   

1.3.9.6  EMODs allegedly cause mutagenesis 
 
Oxygen-free radicals, more generally known as reactive oxygen species (ROS) along 
with reactive nitrogen species (RNS) are well recognised for playing a dual role as both 
deleterious and beneficial species. The "two-faced" character of ROS is substantiated by 
growing body of evidence that ROS within cells act as secondary messengers in 
intracellular signalling cascades, which allegedly induce and maintain the oncogenic 
phenotype of cancer cells, however, ROS can also induce cellular senescence 
and apoptosis and can therefore function as anti-tumorigenic species. 
The cumulative production of ROS/RNS through either endogenous or exogenous insults 
is termed oxidative stress and is common for many types of cancer cell that are linked 
with altered redox regulation of cellular signalling pathways. Oxidative stress induces a 
cellular redox imbalance which has been found to be present in various cancer cells 
compared with normal cells; the redox imbalance thus may possibly be related to 
oncogenic stimulation. DNA mutation is a critical step in carcinogenesis and elevated 
levels of oxidative DNA lesions (8-OH-G) have been noted in various tumors, 
strongly implicating such damage in the etiology of cancer. It appears that the DNA 
damage is predominantly linked with the initiation process. This review examines the 
evidence for involvement of the oxidative stress in the carcinogenesis process. Attention 
is focused on structural, chemical and biochemical aspects of free radicals, the 
endogenous and exogenous sources of their generation, the metal (iron, copper, 
chromium, cobalt, vanadium, cadmium, arsenic, nickel)-mediated formation of free 
radicals (e.g. Fenton chemistry), the DNA damage (both mitochondrial and nuclear), 
the damage to lipids and proteins by free radicals, the phenomenon of oxidative stress, 
cancer and the redox environment of a cell, the mechanisms of carcinogenesis and the 
role of signalling cascades by ROS; in particular, ROS activation of AP-1 (activator 
protein) and NF-kappaB (nuclear factor kappa B) signal transduction pathways, which in 
turn lead to the transcription of genes involved in cell growth regulatory pathways. The 
role of enzymatic (superoxide dismutase (Cu, Zn-SOD, Mn-SOD), catalase, 
glutathione peroxidase) and non-enzymatic antioxidants (Vitamin C, Vitamin E, 
carotenoids, thiol antioxidants (glutathione, thioredoxin and lipoic acid), flavonoids, 
selenium and others) in the process of carcinogenesis as well as the antioxidant 
interactions with various regulatory factors, including Ref-1, NF-kappaB, AP-1 are also 
reviewed (Free radicals, metals and antioxidants in oxidative stress-induced cancer. M. 
Valko et al. Chem Biol Interact. 2006 Mar 10;160(1):1-40. Epub 2006 Jan 23). 
 
Ironically, various ROS-mediated actions in fact protect cells against ROS-induced 
oxidative stress and re-establish or maintain "redox balance" termed also "redox 



homeostasis". The "two-faced" character of ROS is “allegedly substantiated.” For 
example, a growing body of evidence shows that ROS within cells act as secondary 
messengers in intracellular signalling cascades which induce and maintain the 
oncogenic phenotype of cancer cells, however, ROS can also induce cellular 
senescence and apoptosis and can therefore function as anti-tumorigenic species 
(Free radicals and antioxidants in normal physiological functions and human disease. M. 
Valko et al. Int J Biochem Cell Biol. 2007;39(1):44-84. Epub 2006 Aug 4). 
 
1.3.9.7  Thalidomide helps elderly cancer patients via EMODs 

Elderly patients with an aggressive form of blood cancer lived about 20 months 
longer when given the drug thalidomide as part of their treatment, French researchers 
said on 9/5/07.  The drug also slowed the spread of myeloma, a disease that accounts for 
about 1-2 percent of all cancers, usually affects older people, and kills its victims within 
three years, they reported in the Lancet medical journal.  "The main message is the 
addition of thalidomide is able to improve survival," Thierry Facon, a specialist in blood 
diseases at Lille University in France who led the study, told Reuters. 

The standard treatment, established 40 years ago, is a combination chemotherapy of two 
drugs called melphalan and prednisone. In recent years, some patients have also received 
bone marrow treatment that has boosted survival.  But bone marrow transplants are too 
harsh for frail, elderly patients, so researchers turned to thalidomide, a drug used to fight 
nausea in pregnant women in the 1950s and 60s until doctors found it caused limb 
deformity in unborn children. 

Once shunned, thalidomide is now considered a cancer fighter, with scientists testing it 
on lung, blood and brain cancers. It has also been approved to treat leprosy. 

Facon and his colleagues analyzed 447 untreated patients aged 65 to 75, giving some the 
standard drugs and adding thalidomide into the mix for others.  They used Pharmion's 
Thalidomide, currently under review by European regulators for treating multiple 
myeloma, Facon said. Celgene sells the drug in the United States under the brand name 
Thalomid.  In a follow-up nearly six years later, the researchers found those who 
received thalidomide lived on average nearly 52 months, versus 33 months for those 
on standard therapy. Progression-free survival -- the time it takes before the disease 
worsens -- also improved by about 10 months. 

"After 50 years of unsuccessful attempts to find new and more effective treatment 
approaches... we now have extensive evidence to support the introduction of 
(thalidomide) as the standard of care for elderly patients with multiple myeloma," 
Antonio Palumbo and Mario Boccadoro of the University of Torino, wrote in a Lancet 
commentary.   

The sedative drug thalidomide ([+]-alpha-phthalimidoglutarimide), once abandoned for 
causing birth defects in humans, has found new therapeutic license in leprosy and other 
diseases, with renewed teratological consequences. Although the mechanism of 
teratogenesis and determinants of risk remain unclear, related teratogenic xenobiotics 



are bioactivated by embryonic prostaglandin H synthase (PHS) to a free-radical 
intermediates that produce reactive oxygen species (ROS), which cause oxidative damage 
to DNA and other cellular macromolecules. Similarly, thalidomide is bioactivated by 
horseradish peroxidase, and oxidizes DNA and glutathione, indicating free radical-
mediated oxidative stress. Furthermore, thalidomide teratogenicity in rabbits is reduced 
by the PHS inhibitor acetylsalicylic acid, indicating PHS-catalyzed bioactivation. Here, 
we show in rabbits that thalidomide initiates embryonic DNA oxidation and 
teratogenicity, both of which are abolished by pre-treatment with the free radical spin 
trapping agentalpha-phenyl-N-t-butylnitrone (PBN). In contrast, in mice, a species 
resistant to thalidomide teratogenicity, thalidomide does not enhance DNA 
oxidation, even at a dose 300% higher than that used in rabbits, providing insight 
into an embryonic determinant of species-dependent susceptibility. In addition to their 
therapeutic implications, these results constitute direct evidence that the teratogenicity of 
thalidomide may involve free radical-mediated oxidative damage to embryonic cellular 
macromolecules (Free radical-mediated oxidative DNA damage in the mechanism of 
thalidomide teratogenicity. T. Parman et al. Nature Medicine  5, 582 - 585 (1999).  I 
believe that this is another example of the misunderstood role of EMODs in vivo 
metabolism and of it potential to protect the body from pathogens and neoplasia. 

 

1.4.0.0  Antioxidant intervention studies 

 

 

Other than the fact that it has been 
discredited, refuted, invalidated, disproved, rebutted and negated, 

deluded experts believe that the free radical theory 
seemingly holds great promise 

in the treatment of over 200 diseases 
and for the reversal of aging. 

Puhleeze….get educated, you clowns. 
Stop the tomfoolery.  

R. M. Howes, M.D., Ph.D. 
7/03/07 

 

 

1.4.0.1   FDA does not recommend vitamin for CD or cancer 



Health claims are authorized for the labeling of foods when there is significant scientific 
agreement among qualified experts on the evidence for a relationship between a food or 
food component (substance) and a disease. Qualified health claims are permitted when 
there is less scientific evidence for a substance-disease relationship, therefore requiring 
qualifying language. The evidence for a relationship between vitamin E and heart 
disease and selenium and cancer was reviewed by the U.S. FDA. It was determined 
that there was insufficient evidence to permit a qualified health claim for vitamin E 
and cancer, whereas there was some evidence for permitting a qualified health claim for 
selenium and cancer. (The Level of Evidence for Permitting a Qualified Health Claim: 
FDA’s Review of the Evidence for Selenium and Cancer and Vitamin E and Heart 
Disease. Paula R. Trumbo. The American Society for Nutritional Sciences J. Nutr. 
135:354-356, February 2005). 

After the enactment of the Nutrition Labeling and Education Act of 1990, the U.S. 
FDA issued regulations establishing general requirements for health claims in the labeling 
of conventional foods and dietary supplements. The procedures required significant 

scientific agreement among qualified experts on the evidence for a relationship between a 
substance (food or food component) and a disease (e.g., cardiovascular disease or cancer) 
or a health related condition (e.g., hypertension). Health claims are for the general U.S. 
population and are intended to provide information about risk reduction of a disease as a 
result of consuming a substance. Therefore, health claims are intended for healthy 
individuals, including individuals at risk of developing a disease (e.g., elevated LDL 
cholesterol concentration).  

In 1998, the FDA health claims regulations and the decision not to authorize health 
claims for 2 specific health claims for dietary supplements were challenged (Pearson vs. 
Shalala). Although the U.S. District Court for the District of Columbia ruled for the FDA, 
the U.S. Court of Appeals for the District of Columbia Circuit reversed the lower court’s 
decision in 1999. The appeals court held that the First Amendment does not permit 
the FDA to reject health claims for dietary supplements that are accompanied by 
qualifying language (qualified health claims) that is not potentially misleading and 
eliminates potential deception. In 2003, the FDA released the Consumer Health 
Information for Better Nutrition Task Force report that expanded the use of qualified 
health claims to conventional foods. Furthermore, this task force report outlined an 
evidence-based ranking system to be used by the FDA for evaluating the level of 
scientific evidence for a petitioned qualified health claim. The FDA has received 
numerous petitions seeking qualified health claims for foods and food components.   

1.4.0.2  Vitamin E and heart disease  

In 1999, the FDA received a petition requesting that it authorize a health claim 
concerning the relationship between dietary supplements containing vitamin E and 
reduced risk of heart disease. A number of intervention studies were reviewed to evaluate 
this relationship. The Alpha-Tocopherol, Beta Carotene Cancer Prevention Trial (ATBC) 
study was a primary prevention study designed to intervene on lung cancer (The Alpha-
Tocopherol, Beta Carotene Cancer Prevention Study Group (1994) The effect of vitamin 
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E and beta carotene on the incidence of lung cancer and other cancers in male smokers. 
N. Engl. J. Med. 330:1029-1035). 

1.4.0.3   The ATBC study  

The ATBC study, however, included several secondary analyses (Rapola, J. M., 
Virtamo, J., Ripatti, S., Haukka, J. K., Huttunen, J. K., Albanes, D., Taylor, P. R. & 
Heinonen, O. P. (1998) Effects of alpha tocopherol and beta carotene supplementation on 
symptoms, progression, and prognosis of angina pectoris. Heart 79:454-458) (Virtamo, J., 
Rapola, J. M., Ripatti, S., Heinonen, O. P., Taylor, P. R., Albanes, D. & Huttunen, J. K. 
(1998) Effect of vitamin E and beta carotene on the incidence of primary nonfatal 
myocardial infarction and fatal coronary heart disease. Arch. Intern. Med. 158:668-675) 
(Tornwall, M., Virtamo, J., Haukka, J. K., Aro, A., Albanes, D., Edwards, B. K. & 
Huttunen, J. K. (1997) Effect of alpha-tocopherol (vitamin E) and beta-carotene 
supplementation on the incidence of intermittent claudication in male smokers. 
Arterioscler. Thromb. Vasc. Biol. 17:3475-3480).  

The original study reported that vitamin E supplementation resulted in a lower incidence 

of ischemic heart disease and ischemic stroke death rates; however, statistical analyses 
were not provided (The Alpha-Tocopherol, Beta Carotene 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).  

Rapola et al. (Rapola, J. M., Virtamo, J., Ripatti, S., Haukka, J. K., Huttunen, J. K., 
Albanes, D., Taylor, P. R. & Heinonen, O. P. (1998) Effects of alpha tocopherol and beta 
carotene supplementation on symptoms, progression, and prognosis of angina pectoris. 
Heart 79:454-458) showed a significant beneficial effect of vitamin E on the incidence of 
angina pectoris, although no beneficial effects were observed for the incidence of 
major coronary events (Virtamo, J., Rapola, J. M., Ripatti, S., Heinonen, O. P., Taylor, 
P. R., Albanes, D. & Huttunen, J. K. (1998) Effect of vitamin E and beta carotene on the 
incidence of primary nonfatal myocardial infarction and fatal coronary heart disease. 
Arch. Intern. Med. 158:668-675). The incidence of angina pectoris was determined 
through the use of a questionnaire without confirmatory clinical diagnostic criteria. 
Therefore, the validity of this endpoint is questionable. 

1.4.0.4  The Heart Outcomes Prevention Evaluation (HOPE) study  

The Heart Outcomes Prevention Evaluation (HOPE) study (The Heart Outcomes 
Prevention Evaluation (HOPE) Study Investigators (2000) Vitamin E supplementation 
and cardiovascular events in high-risk patients. N. Engl. J. Med. 342:154-160) was a 19-
country, multicenter randomized, placebo-controlled, double-blind intervention trial 
designed to investigate the effects of vitamin E supplements from natural sources and/or 
Ramipril on coronary heart disease and atherosclerosis in high-risk patients. For statistical 
reasons, the 2 groups receiving vitamin E (with and without Ramipril) were combined. 
No beneficial effects were observed with vitamin E supplementation on 



myocardial infarction (MI), stroke, and death from cardiovascular 
causes.  

1.4.0.5   Long term HOPE study for vitamin fails 

Experimental and epidemiological data suggest that vitamin E supplementation may 
prevent cancer and cardiovascular events. Clinical trials have generally failed to confirm 
benefits, possibly due to their relatively short duration. OBJECTIVE: To evaluate 
whether long-term supplementation with vitamin E decreases the risk of cancer, cancer 
death, and major cardiovascular events. DESIGN, SETTING, AND PATIENTS: A 
randomized, double-blind, placebo-controlled international trial (the initial Heart 
Outcomes Prevention Evaluation [HOPE] trial conducted between December 21, 1993, 
and April 15, 1999) of patients at least 55 years old with vascular disease or diabetes 
mellitus was extended (HOPE-The Ongoing Outcomes [HOPE-TOO]) between April 16, 
1999, and May 26, 2003. Of the initial 267 HOPE centers that had enrolled 9541 patients, 
174 centers participated in the HOPE-TOO trial. Of 7,030 patients enrolled at these 
centers, 916 were deceased at the beginning of the extension, 1382 refused participation, 
3,994 continued to take the study intervention, and 738 agreed to passive follow-up. 
Median duration of follow-up was 7.0 years. INTERVENTION: Daily dose of natural 
source vitamin E (400 IU) or matching placebo. MAIN OUTCOME MEASURES: 
Primary outcomes included cancer incidence, cancer deaths, and major cardiovascular 
events (myocardial infarction, stroke, and cardiovascular death). Secondary outcomes 
included heart failure, unstable angina, and revascularizations. RESULTS: Among all 
HOPE patients, there were no significant differences in the primary analysis: for 
cancer incidence, there were 552 patients (11.6%) in the vitamin E group vs 586 
(12.3%) in the placebo group; for cancer deaths, 156 (3.3%) vs 178 (3.7%), 
respectively; and for major cardiovascular events, 1022 (21.5%) vs 985 (20.6%), 
respectively. Patients in the vitamin E group had a higher risk of heart failure and 
hospitalization for heart failure. Similarly, among patients enrolled at the centers 
participating in the HOPE-TOO trial, there were no differences in cancer incidence, 
cancer deaths, and major cardiovascular events, but higher rates of heart failure 
and hospitalizations for heart failure (Effects of long-term vitamin E supplementation 
on cardiovascular events and cancer: a randomized controlled trial. E. Lonn et al. JAMA. 
2005 Mar 16;293(11):1338-47).  

CONCLUSION: In patients with vascular disease or diabetes mellitus, 
long-term vitamin E supplementation does not prevent cancer or major 
cardiovascular events and may increase the risk for heart failure.  

1.4.0.6  HOPE and HOPE-TOO trials fail to show benefits of vitamin E 

Some of the following material was excerpted, abstracted or modified from:  Effects of 
Long-term Vitamin E Supplementation on Cardiovascular Events and Cancer. Lonn E, 
Bosch J, Yusuf S, et al. JAMA.  2005;293(11):1338-1347. 
 



Results of clinical trials have been mixed and, overall, somewhat disappointing (failed). 
Initially, a few clinical studies buoyed hopes related to antioxidant therapy. For example, 
a study of patients with type 1 diabetes demonstrated that vitamin E 
supplementation of 1000 IU/day could improve endothelial vasodilator function, 
possibly leading to improved rates of cardiovascular events (Skyrme-Jones RA, 
O'Brien RC, Berry KL, Meredith IT. Vitamin E supplementation improves endothelial 
function in type I diabetes mellitus: a randomized, placebo-controlled study. J Am Coll 
Cardiol. 2000;36:94-102).  

In addition, a posthoc analysis of a randomized trial suggested that vitamin E 
supplementation could reduce the risk of lung cancer, particularly among younger 
smokers, and an epidemiologic study linked higher concentrations of alpha-
tocopherol with a reduced incidence of prostate cancer (Woodson K, Tangrea JA, 
Barrett MJ, Virtamo J, Taylor PR, Albanes D. Serum alpha-tocopherol and subsequent 
risk of lung cancer among male smokers.J Natl Cancer Inst. 1999;91:1738-1743) (Huang 
HY, Alberg AJ, Norkus EP, Hoffman SC, Comstock GW, Helzlsouer KJ. Prospective 
study of antioxidant micronutrients in the blood and the risk of developing prostate 
cancer. Am J Epidemiol. 2003;157:335-344. 10. Brown BG, Zhao XQ, Chait A, et al. 
Simvastatin and niacin, antioxidant vitamins, or the combination for the prevention of 
coronary disease. N Engl J Med. 2001;345:1583-1592). 

Further clinical data were not as encouraging, however, regarding the efficacy of 
antioxidant supplementation, particularly with regard to cardiovascular outcomes.  

In one study, antioxidant supplementation reduced the protective effect of 
concomitant statin therapy, and antioxidants were not effective in reducing 
coronary stenosis compared with placebo (de Gaetano G; Collaborative Group of the 
Primary Prevention Project. Low-dose aspirin and vitamin E in people at cardiovascular 
risk: a randomised trial in general practice. Lancet. 2001;357:89-95).  

In another prospective trial of vitamin E supplementation by the Collaborative Group of 
the Primary Prevention Project, the respective rates of cardiovascular death and 
major cardiovascular events were 2.5% in the vitamin E group and 2.3% in the 
placebo group, a nonsignificant difference (Brown BG, Crowley J. Is there any hope for 
vitamin E? JAMA. 2005;293:1387-1390). 

The trial by the Collaborative Group of the Primary Prevention Project was 
stopped early after a mean follow-up time of 3.6 years. Some experts have suggested 
that a longer follow-up period may reveal the beneficial clinical effects of vitamin E 
supplementation. The current long-awaited results from the Heart Outcomes Prevention 
Evaluation (HOPE) and Heart Outcomes Prevention Evaluation-The Ongoing Outcomes 
(HOPE-TOO) investigator team addressed this issue by following subjects over a mean 
duration of 7.0 years. During this time course, vitamin E was not superior to placebo in 
terms of incident cancer, cancer deaths, major vascular events, or cardiovascular 
deaths. In the authors' preliminary analysis examining prevention of specific types of 
cancer, vitamin E appeared to reduce the risk of lung cancer. However, with more 



stringent statistical evaluation, no protective effect was appreciated. Conversely, an 
increased risk of heart failure was associated with vitamin E supplementation in 
multiple analyses, including a 19% increased risk of all heart failure events and a 
40% increase in the risk of hospital admission due to heart failure. 

This trial was of high quality. All events were adjudicated, providing sufficient 
confirmation of their veracity. Adherence with vitamin E supplementation was confirmed 
with rising plasma levels. However, it should be noted that subjects in this trial had either 
a history of cardiovascular events or diabetes at baseline. Therefore, the results may not 
apply to other populations. 

An editorial by Brown and Crowley, which accompanies the current article, summarizes 
the case for vitamin E as a long-term prophylactic agent (Jiang Q, Christen S, Shigenaga 
MK, Ames BN. Gamma-tocopherol, the major form of vitamin E in the US diet, deserves 
more attention. Am J Clin Nutr. 2001;74:714-722).  

While vitamin E supplementation still holds the promise of efficacy in specific 
populations, including patients with renal failure undergoing hemodialysis and in patients 
with macular degeneration, the editorialists state that "this report effectively closes the 
door on the prospect of a major protective effect of long-term exposure to this 
supplement, taken in moderately high dosage, against complications of atherosclerosis 
and overall cancer incidence." Nonetheless, longer-term data on the use of vitamin E for 
the prevention of cancer will be available in the next few years, and this research may 
provide information on more subgroups of patients who might benefit from vitamin E. 
For now, vitamin E should not be used either among general or high-risk 
populations as a means to prevent cardiovascular disease or cancer. 

1.4.1.0  Cochrane Database Syst Rev. 2003:  Vitamins E & A fail to reduce incidence 
or mortality of lung cancer 

Some studies have suggested a protective effect of antioxidant nutrients on lung cancer. 
Observational epidemiological studies suggest an association between higher dietary 
levels of fruits and vegetables containing beta carotene and a lower risk of lung cancer. 
OBJECTIVES: To determine whether vitamins, minerals and other potential agents, 
alone or in combination, reduce incidence and mortality from lung cancer in healthy 
people. SEARCH STRATEGY: The electronic databases MEDLINE (1966-july 
2001), EMBASE (1974-july 2001) and the Cochrane Controlled Trial Register 
(CENTRAL, Issue 3/2001) and bibliographies were searched. In addition authors of 
included studies were contacted to identify potentially eligible published and unpublished 
trials. SELECTION CRITERIA: Included studies were randomised controlled clinical 
trials comparing different supplements or comparing supplements with placebo, 
administered to healthy people with the aim of preventing lung cancer. DATA 
COLLECTION AND ANALYSIS: Three reviewers independently selected the trials to 
be included in the review and assessed the methodological quality of each trial, and two 
extracted data using a standardised form. For each study, relative risk and 95% 
confidence limits were calculated for dichotomous outcomes. MAIN RESULTS: Four 



studies were eligible for inclusion. All were population based trials, including a total of 
109,394 participants. Two studies included smokers, one included workers exposed to 
asbestos and two studies were carried out in health professionals. A group of participants 
with no known risk factors for lung cancer was included in the study sample of two trials. 
Beta-carotene was evaluated in all trials, alone or combination with alpha-tocopherol or 
retinol, and one study tested alpha-tocopherol alone. Duration of treatment varied from 
2 to 12 years and follow-up was from two to five years. All trials had a placebo group. 
For people with risk factors for lung cancer no reduction in lung cancer incidence or 
mortality was found in those taking vitamins alone compared with placebo; lung 
cancer mortality: RR 0.93, 95% CI 0.73-1.19). For people with no known risk factors 
of lung cancer, none of the vitamins or their combinations appeared to have any 
effect. Combined data from three studies showed a non-statistically significant 
increased risk of lung cancer incidence and mortality for beta-carotene alone at 
pharmacological doses in groups with risk factors for lung cancer. When beta-
carotene was combined with retinol, data from a single study showed that there was a 
statistically significant, increased risk of lung cancer incidence and mortality in 
people with risk factors for lung cancer who took both vitamins compared with those who 
took placebo. Data also from one study showed that the combination of beta-carotene 
with alpha-tocopherol in people with risk factors for lung cancer was associated 
with a non-statistically significant increased risk of lung cancer incidence and 
mortality. No effect was observed for total cancer incidence, mortality or all-cause 
mortality. REVIEWER'S CONCLUSIONS: There is currently no evidence to support 
recommending vitamins such as alpha-tocopherol, beta-carotene or retinol, alone or 
in combination, to prevent lung cancer. A harmful effect was found for beta-
carotene with retinol at pharmacological doses in people with risk factors for lung 
cancer (smoking and/or occupational exposure to asbestos). More research from larger 
trials and with longer follow-up is needed to analyse the effectiveness of other 
supplements (Drugs for preventing lung cancer in healthy people. M. Caraballoso et al. 
Cochrane Database Syst Rev. 2003;(2):CD002141). 

1.4.1.1  Cochrane Database Syst Rev. 2004:  Vitamins E & A fail to reduce incidence 
or mortality of gastrointestinal cancer 

Oxidative stress may cause gastrointestinal cancers. The evidence on whether antioxidant 
supplements are effective in preventing gastrointestinal cancers is contradictory. 
OBJECTIVES: To assess the beneficial and harmful effects of antioxidant supplements 
in preventing gastrointestinal cancers. SEARCH STRATEGY: They identified trials 
through the trials registers of the four Cochrane Review Groups on gastrointestinal 
diseases, The Cochrane Central Register of Controlled Trials on The Cochrane Library 
(Issue 1, 2003), MEDLINE, EMBASE, LILACS, and SCI-EXPANDED from inception 
to February 2003, and The Chinese Biomedical Database (March 2003). They scanned 
reference lists and contacted pharmaceutical companies. SELECTION CRITERIA: 
Randomised trials comparing antioxidant supplements to placebo/no intervention 
examining the incidence of gastrointestinal cancers. DATA COLLECTION AND 
ANALYSIS: Two reviewers independently selected trials for inclusion and extracted 
data. The outcome measures were incidence of gastrointestinal cancers, overall mortality, 



and adverse events. Outcomes were reported as relative risks (RR) with 95% confidence 
interval (CI) based on fixed and random effects meta-analyses. MAIN RESULTS: They 
identified 14 randomised trials (170,525 participants), assessing beta-carotene (9 
trials), vitamin A (4 trials), vitamin C (4 trials), vitamin E (5 trials), and selenium (6 
trials). Trial quality was generally high. Heterogeneity was low to moderate. Neither the 
fixed effect nor random effects meta-analyses showed significant effects of 
supplementation with antioxidants on the incidences of gastrointestinal cancers.  

Among the seven high-quality trials reporting on mortality (131,727 participants), 
the fixed effect unlike the random effects meta-analysis showed that antioxidant 
supplements significantly increased mortality. Two low-quality trials (32,302 
participants) found no significant effect of antioxidant supplementation on mortality. The 
difference between the mortality estimates in high- and low-quality trials was significant 
by test of interaction (z = 2.10, P = 0.04). Beta-carotene and vitamin A and beta-
carotene and vitamin E significantly increased mortality, while beta-carotene alone 
only tended to do so. Increased yellowing of the skin and belching were non-serious 
adverse effects of beta-carotene. In four trials (three with unclear/inadequate 
methodology), selenium showed significant beneficial effect on gastrointestinal 
cancer incidences. REVIEWERS' CONCLUSIONS: They could not find evidence that 
antioxidant supplements prevent gastrointestinal cancers. On the contrary, they 
seem to increase overall mortality. The potential cancer preventive effect of selenium 
should be studied in adequately conducted randomised trials (Antioxidant supplements 
for preventing gastrointestinal cancers. G. Bjelakovic et al. Cochrane Database Syst Rev. 
2004 Oct 18;(4):CD004183).   

1.4.1.2  Meta-analysis: antioxidant supplements for primary and secondary 
prevention of colorectal adenoma (2006) 

Colorectal cancer may be prevented by reducing the development of adenomatous 
polyps. AIM: To assess the benefits and harms of antioxidant supplements in preventing 
colorectal adenoma. METHODS: Using the Cochrane Collaboration methodology we 
reviewed all randomized clinical trials comparing antioxidant supplements with placebo 
or no intervention. We searched electronic databases and the reference lists until October 
2005. Outcome measures were development of colorectal adenoma adverse events. We 
analysed dichotomous outcomes with fixed- and random-effects model meta-analyses 
and calculated the relative risk with 95% confidence interval. RESULTS: They identified 
eight randomized trials (17 620 participants). Neither fixed-effect  nor random-effect 
model meta-analyses showed statistically significant effects of supplementation with 
beta-carotene, vitamins A, C, E and selenium alone or in combination. Antioxidant 
supplements seemed to increase the development of colorectal adenoma in three low-bias 
risk trials and significantly decrease its development in five high-bias risk trials. The 
estimates difference is significant (P < 0.0001). There was no significant difference 
between the intervention groups regarding adverse events, including mortality. 
CONCLUSION: They found no convincing evidence that antioxidant supplements have 
significant beneficial effect on primary or secondary prevention of colorectal adenoma 
(Meta-analysis: antioxidant supplements for primary and secondary prevention of 



colorectal adenoma. G. Belakovic et al. Aliment Pharmacol Ther. 2006 Jul 15;24(2):281-
91). 

1.4.1.3  The Primary Prevention Project (PPP)  

The Primary Prevention Project (PPP) was designed to test whether chronic treatment 
with aspirin and/or vitamin E reduced the risk of major fatal and nonfatal cardiovascular 
disease (CVD) events (Roncaglioni, M. C., Collaborative Group of the Primary 
Prevention Project (2001) Low-dose aspirin and vitamin E in people at cardiovascular 
risk: a randomized trial in general practice. The Lancet 357:89-95). FINDINGS: 4,495 
people (2583 female, mean age 64.4 years) were included in the trial. After a mean 
follow-up of 3.6 years the trial was prematurely stopped on ethical grounds when newly 
available evidence from other trials on the benefit of aspirin in primary prevention was 
strictly consistent with the results of the second planned interim analysis. Aspirin lowered 
the frequency of all the endpoints, being significant for cardiovascular death (from 1.4 to 
0.8%; relative risk 0.56 [95% CI 0.31-0.99]) and total cardiovascular events (from 8.2 to 
6.3%; 0.77 [0.62-0.95]). Severe bleedings were more frequent in the aspirin group than 
the no-aspirin group (1.1% vs 0.3%; p<0.0008). Vitamin E showed no effect on 
any prespecified endpoint. Analyses were by intention-to-treat.The primary 
outcome measures included endpoints of CVD death, nonfatal MI and nonfatal 
stroke. No beneficial effect was observed with vitamin E supplementation on these 

primary outcome measures.  

The study by Blot et al. (7) provided a mineral/vitamin supplement; therefore it was not 
possible to determine the independent effect of vitamin E on CVD risk.  

1.4.1.4  The Women's Health Study: a randomized controlled trial 

Basic research provides plausible mechanisms and observational studies suggest that 
apparently healthy persons, who self-select for high intakes of vitamin E through diet or 
supplements, have decreased risks of cardiovascular disease and cancer. Randomized 
trials do not generally support benefits of vitamin E, but there are few trials of long 
duration among initially healthy persons. OBJECTIVE: To test whether vitamin E 
supplementation decreases risks of cardiovascular disease and cancer among healthy 
women. DESIGN, SETTING, AND PARTICIPANTS: In the Women's Health Study 
conducted between 1992 and 2004, 39,876 apparently healthy US women aged at least 
45 years were randomly assigned to receive vitamin E or placebo and aspirin or placebo, 
using a 2 x 2 factorial design, and were followed up for an average of 10.1 years. 
INTERVENTION: Administration of 600 IU of natural-source vitamin E on alternate 
days. MAIN OUTCOME MEASURES: Primary outcomes were a composite end point of 
first major cardiovascular event (nonfatal myocardial infarction, nonfatal stroke, or 
cardiovascular death) and total invasive cancer. RESULTS: During follow-up, there were 
482 major cardiovascular events in the vitamin E group and 517 in the placebo group, a 
nonsignificant 7% risk reduction. There were no significant effects on the incidences of 
myocardial infarction, as well as ischemic or hemorrhagic stroke. For cardiovascular 
death, there was a significant 24% reduction. There was no significant effect on the 
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incidences of total cancer (1437 cases in the vitamin E group and 1428 in the placebo 
group; or colon cancers. Cancer deaths also did not differ significantly between groups. 
There was no significant effect of vitamin E on total mortality. CONCLUSIONS: The 
data from this large trial indicated that 600 IU of natural-source vitamin E taken every 
other day provided no overall benefit for major cardiovascular events or cancer, did 
not affect total mortality, and decreased cardiovascular mortality in healthy women. 
These data do not support recommending vitamin E supplementation 
for cardiovascular disease or cancer prevention among healthy women 
(Vitamin E in the primary prevention of cardiovascular disease and cancer: the Women's 
Health Study: a randomized controlled trial. I.M. Lee et al. JAMA. 2005 Jul 6;294(1):56-
65). 

A number of secondary prevention studies were reviewed (DeMaio, S. J., King, S. B., 
Lembo, N. J., Roubin, G. S., Hearn, J. A., Bhagavan, H. N. & Sgoutas, D. S. (1992) 
Vitamin E supplementation, plasma lipids, and incidence of restenosis after percutaneous 
transluminal coronary angioplasty (PTCA). J. Am. Coll. Nutr. 11:68-73) (Gillilan, R. E., 
Mondell, B. & Warbasse, J. R. (1977) Quantitative evaluation of vitamin E in the 
treatment of angina pectoris. Am. Heart J. 93:444-449) (Gruppo Italiano per lo Studio 
della Sopravvivenza nell’Infarto miocardico (GISSI) (1999) Dietary supplementation 
with n-3 polyunsaturated fatty acids and vitamin E after myocardial infarction: results of 
the GISSI Prevenzione trial. The Lancet. 354:447-455) (Rapola, J. M., Virtamo, J., 
Ripatti, S., Huttunen, J. K., Albanes, P. R., Taylor, P. R. & Heinonen, O. P. (1997) 
Randomised trial of alpha-tocopherol and beta-carotene supplements on incidence of 
major coronary events in men with previous myocardial infarction. The Lancet 349:1715-
1720) (Rapola, J. M., Virtamo, J., Ripatti, S., Haukka, J. K., Huttunen, J. K., Albanes, D., 
Taylor, P. R. & Heinonen, O. P. (1998) Effects of alpha tocopherol and beta carotene 
supplements on symptoms, progression, and prognosis of angina pectoris. Heart 79:454-
458) (Stephens, N. G., Parsons, A., Schofield, P. M., Kelly, F., Cheeseman, K. & 
Mitchinson, M. J. (1996) Randomised controlled trial of vitamin E in patients with 
coronary disease: Cambridge Heart Antioxidant Study. Lancet 347:781-786) (Williams, 
H. T., Fenna, D. & Macbeth, R. A. (1971) Alpha tocopherol in the treatment of 
intermittent claudication. Surg. Gynecol. Obstet. 132:662-666) (Boaz, M., Smetana, T., 
Weinstein, Z., Matas, U., Gafter, U., Lania, A., Kneckt, A., Weissgarten, Y., Brunner, D., 
Fainaru, M. & Green, M. S. (2000) Secondary prevention with antioxidants of 
cardiovascular disease in endstage renal disease (SPACE): randomized placebo-
controlled trial. The Lancet 356:1213-1218).  

The study by Stephens et al. showed a significant beneficial effect for vitamin E on the 
primary CVD endpoints, cardiovascular death, nonfatal MI, and nonfatal stroke in heart 
disease patients. Randomization resulted in an uneven distribution of 5 coronary risk 
factors, which complicated the interpretation of the data, possibly affecting the 
conclusions of the study.  

The other secondary prevention studies showed no beneficial effects of 
vitamin E on risk of further coronary events (DeMaio, S. J., King, S. B., 
Lembo, N. J., Roubin, G. S., Hearn, J. A., Bhagavan, H. N. & Sgoutas, D. S. (1992) 



Vitamin E supplementation, plasma lipids, and incidence of restenosis after percutaneous 
transluminal coronary angioplasty (PTCA). J. Am. Coll. Nutr. 11:68-73) (Gillilan, R. E., 
Mondell, B. & Warbasse, J. R. (1977) Quantitative evaluation of vitamin E in the 
treatment of angina pectoris. Am. Heart J. 93:444-449) (Gruppo Italiano per lo Studio 
della Sopravvivenza nell’Infarto miocardico (GISSI) (1999) Dietary supplementation 
with n-3 polyunsaturated fatty acids and vitamin E after myocardial infarction: results of 
the GISSI Prevenzione trial. The Lancet. 354:447-455) (Rapola, J. M., Virtamo, J., 
Ripatti, S., Huttunen, J. K., Albanes, P. R., Taylor, P. R. & Heinonen, O. P. (1997) 
Randomised trial of alpha-tocopherol and beta-carotene supplements on incidence of 
major coronary events in men with previous myocardial infarction. The Lancet 349:1715-
1720) (Rapola, J. M., Virtamo, J., Ripatti, S., Haukka, J. K., Huttunen, J. K., Albanes, D., 
Taylor, P. R. & Heinonen, O. P. (1998) Effects of alpha tocopherol and beta carotene 
supplements on symptoms, progression, and prognosis of angina pectoris. Heart 79:454-
458)  (Williams, H. T., Fenna, D. & Macbeth, R. A. (1971) Alpha tocopherol in the 
treatment of intermittent claudication. Surg. Gynecol. Obstet. 132:662-666) (Boaz, M., 
Smetana, T., Weinstein, Z., Matas, U., Gafter, U., Lania, A., Kneckt, A., Weissgarten, Y., 
Brunner, D., Fainaru, M. & Green, M. S. (2000) Secondary prevention with antioxidants 
of cardiovascular disease in endstage renal disease (SPACE): randomized placebo-
controlled trial. The Lancet 356:1213-1218).  

The results of several prospective cohort studies that measured vitamin E intake (total, 
dietary, and supplemental) were mixed. Beneficial effects on reducing the risk of CVD 
endpoints were observed for total vitamin E intake (Rimm, E. B., Stampfer, M. J., 
Ascherio, A., Giovannucci, E., Colditz, G. A. & Willett, W. C. (1993) Vitamin E 
consumption and the risk of coronary heart disease in men. N. Engl. J. Med. 328:1450-
1456) (Stampfer, M. J., Hennekens, C. H., Manson, J. E., Colditz, G. A., Rosner, B. & 
Willett, W. C. (1993) Vitamin E consumption and the risk of coronary disease in women. 
N. Engl. J. Med. 328:1444-1449) (Knekt, P., Reunanen, A., Jarvinen, R., Seppanen, R., 
Heliovaara, M. & Aromaa, A. (1994) Antioxidant vitamin intake and coronary mortality 
in a longitudinal population study. Am. J. Epidemiol. 139:1180-1189).  

Whereas no effects were observed in other studies (Ascherio, A., Rimm, E. B., Hernan, 
M. A., Giovannucci, E., Kawachi, I., Stampfer, M. J. & Willett, W. C. (1999) Ann. 
Intern. Med. 130:963-970) (Kushi, L. H., Folsom, A. R., Prineas, R. J., Mink, P. J., Wu, 
Y. & Bostick, R. M. (1996) Dietary antioxidant vitamins and death from coronary heart 
disease in postmenopausal women. N. Engl. J. Med. 334:1156-1162).  

Rimm et al. reported a beneficial effect of supplemental vitamin E on CVD risk, whereas 
Ascherio et al. and Kushi et al. found no effect on risk reduction. Of the prospective 
cohorts, 3 of 5 found no effect of dietary vitamin E on CVD risk.  

In summary, the FDA concluded that the primary prevention studies did 
not provide evidence for the relationship between vitamin E and 
reduced risk of CVD. Collectively, the results from the secondary prevention studies 
were mixed and therefore did not provide a sufficient basis to establish a relationship 
between vitamin E intake and CVD. Until validated surrogate markers for vitamin E and 



CVD are established, placebo-controlled supplementation trials, conducted in healthy or 
high-risk individuals, in which only vitamin E is provided and the incidence of outcome 
measures of heart disease is measured, will be required to further understand this 
relationship.  (The Level of Evidence for Permitting a Qualified Health Claim: FDA’s 
Review of the Evidence for Selenium and Cancer and Vitamin E and Heart Disease. 
Paula R. Trumbo. The American Society for Nutritional Sciences J. Nutr. 135:354-356, 
February 2005). 

1.4.1.5  ATBC 6-year followup study 

Investigators evaluated the 6-year post-trial effects of -tocopherol and ß-carotene 
supplementation on coronary heart disease (CHD) in the -tocopherol, ß-carotene cancer 
prevention (ATBC) study.  Methods and results 29,133 male smokers, aged 50–69 
years were randomised to receive -tocopherol 50 mg, or ß-carotene 20 mg, or both, or 
placebo daily for 5–8 years. At the beginning of the post-trial follow-up, 23,144 men 
were still at risk for a first-ever major coronary event (MCE), and 1255 men with pre-trial 
history of myocardial infarction (MI) were at risk for MCE. Post-trial risk for MCE 
( ) was 0.95 (95% confidence interval 0.87–1.04) among -tocopherol recipients 
compared with non-recipients, and 1.14 (1.04–1.24) among ß-carotene recipients 
compared with non-recipients. The risk for non-fatal MI ( ) was 0.96 (0.85–1.09) 
and 1.16 (1.03–1.32), and for fatal CHD ( ) 0.94 (0.83–1.06) and 1.11 (0.99–
1.25), respectively. Among men with pre-trial MI no effects were observed in post-trial 

risk of MCE ( ).  

Conclusion ß-Carotene seemed to increase the post-trial risk of first-ever 
non-fatal MI but there is no plausible mechanism to support it. Our 
findings do not advocate the use of -tocopherol or ß-carotene supplements in 
prevention of CHD among male smokers (Effect of -tocopherol and ß-carotene 
supplementation on coronary heart disease during the 6-year post-trial follow-up in the 
ATBC study. Markareetta E. Törnwall et al. European Heart Journal 2004 25(13):1171-
1178). 
 
1.4.1.6  The Vitamin E Atherosclerosis Prevention Study (VEAPS) 

Epidemiological studies have demonstrated an inverse relationship between vitamin E 
intake and cardiovascular disease (CVD) risk. In contrast, randomized controlled trials 

have reported conflicting results as to whether vitamin E supplementation reduces 
atherosclerosis progression and CVD events.  

Methods and Results— The 353 study population consisted of men and women 40 
years old with an LDL cholesterol level 3.37 mmol/L (130 mg/dL) and no clinical signs 
or symptoms of CVD. Eligible participants were randomized to DL- -tocopherol 400 IU 
per day or placebo and followed every 3 months for an average of 3 years. The primary 
trial end point was the rate of change in the common carotid artery far-wall intima-media 
thickness (IMT) assessed by computer image-processed B-mode ultrasonograms. A 
mixed effects model using all determinations of IMT was used to test the hypothesis of 
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treatment differences in IMT change rates. Compared with placebo, -tocopherol 
supplementation significantly raised plasma vitamin E levels (P<0.0001), reduced 
circulating oxidized LDL (P=0.03), and reduced LDL oxidative susceptibility (P<0.01). 
However, vitamin E supplementation did not reduce the progression of IMT over a 3-year 
period compared with subjects randomized to placebo.  

Conclusions— The results are consistent with previous randomized controlled trials 
and extend the null results of vitamin E supplementation to the progression of IMT 
in healthy men and women at low risk for CVD (Hodis HN, Mack WJ, LaBree L, 
Mahrer PR, Sevanian A, Liu CR, Liu CH, Hwang J, Selzer RH, Azen SP; VEAPS 
Research Group. Alpha-tocopherol supplementation in healthy individuals reduces low-
density lipoprotein oxidation but not atherosclerosis: the Vitamin E Atherosclerosis 
Prevention Study (VEAPS). Circulation. 2002; 106: 1453–1459). 

1.4.2.0  Meta-analysis of antioxidant vitamins fails to prevent macular degeneration 

It was suggested that vitamins C and E, various types of carotenoids, and zinc may 
reduce the oxidative damage to the retina. However, the evidence to show that dietary 
antioxidants can prevent age related macular degeneration is unclear.  Scientists 
from the Centre for Eye Researcher Australia, University of Melbourne, analyzed the 
evidence to determine whether dietary antioxidants or dietary supplements might prevent 
AMD. They looked at 11 studies which included 149,203 people - seven were 
prospective studies and three were randomized controlled trials. An assortment of 
common dietary antioxidants was investigated. All the trial participants came from 
well fed Western populations and were followed up, on average, for nine years.  
 
All the 11 studies factored in for age, sex and smoking in their analyses.  
 
The studies ranged in the types of antioxidants they investigated. However, when the 
researchers analyzed all the evidence it was clear that vitamins A and E, zinc, lutein, 
zeaxanthin, α- carotene, β-carotene, β-cryptoxanthin and lycopene have either a 
very slight or no effect on primary prevention of early age-related macular 
degeneration.  
 
None of the three randomized trials found that antioxidant supplements 
might protect from early age related macular degeneration.  
 
The researchers concluded that there is not enough evidence to support the role of 
dietary antioxidants, including the use of dietary antioxidant supplements, for the 
primary prevention of early AMD.  

1.4.2.1  Conclusion 
Dietary intake of nine antioxidants evaluated in this systematic review had little or 
no effect in the primary prevention of early AMD in well nourished Western 
populations. There is insufficient evidence that antioxidants supplements prevent 
the onset of AMD.  



Cigarette smoking remains the only widely accepted modifiable risk factor for the 
primary prevention of AMD, and patients seeking advice on AMD prevention should be 
encouraged to stop smoking 
 
Jennifer Evans, International Centre for Eye Health, in an accompanying editorial, 
supports these findings. She added that reducing the prevalence of smoking is probably 
the best that can be done to reduce the risk of AMD. ("Dietary antioxidants and primary 
prevention of age related macular degeneration: systematic review and meta-analysis" 
Elaine W-T Chong, Tien Y Wong, Andreas J Kreis, Julie A Simpson, Robyn H Guymer.  
British Medical Journal (BMJ)., BMJ 2007 335: 755 (published 8 October 2007).  
Studies that were included had adequate follow-up (most studies lasted a decade), had 
sound methods, and were of good quality. All studies with pooled risk estimates had been 
adjusted for age, cigarette smoking, and energy intake in the analyses and had results that 
were consistent with one another. Overall, there was also little heterogeneity between 
studies that were included in this review. 

They were also unable to evaluate the effect of potential antioxidant synergism. In the 
Rotterdam eye study, an above median dietary intake of combined antioxidant 
nutrients, similar to those found in the clinical trial formulation of the age related 
eye disease study, was associated with a larger reduced risk of AMD than for each 
antioxidant (vitamin C, vitamin E, carotene, zinc) individually.  

 

1.4.2.2  Discussion of age related macular degeneration (AMD) and antioxidants 

Age related macular degeneration (AMD) is the leading cause of severe visual loss in 
people aged over 50 in the developed world.  Early AMD is characterised clinically by 

yellow deposits known as drusen and changes in pigmentation of the retina. Late AMD 
develops when there is an ingrowth of new blood vessels that bleed into the subretinal 
space (exudative or "wet" type) or when the macula atrophies (geographic atrophy or 
"dry" type). Both these conditions usually lead to severe loss of central vision. The 
pathogenesis of AMD is unclear; older age, genetic markers, and cigarette smoking 
are the only risk factors consistently reported.  

Antioxidants were thought to prevent AMD by reducing the photo-oxidative damage 

from blue light in the oxygen filled environment of the retina, which is rich in 
polyunsaturated fatty acids that are highly susceptible to oxidation (Kirschfeld K. 
Carotenoid pigments: their possible role in protecting against photooxidation in eyes and 
photoreceptor cells. Proc R Soc Lond B Biol Sci 1982;216:71-85).  

Dietary antioxidants have long been erroneously suggested as useful for preventing the 
development and progression of AMD (Jampol LM, Ferris FL 3rd. Antioxidants and zinc 
to prevent progression of age-related macular degeneration. JAMA 2001;286:2466-8).  



The retina, with its high oxygen content and constant exposure to light, is 
particularly susceptible to oxidative damage (Seddon JM, Hennekens CH. Vitamins, 
minerals, and macular degeneration: promising but unproven hypotheses. Arch 
Ophthalmol 1994;112:176-9).  

A large randomised clinical trial, the age related eye disease study (AREDS), showed that 
patients with intermediate AMD treated with high dose antioxidant supplements 
(vitamins C and E, zinc, and carotene) had a 28% reduction in the risk of progression 
to advanced AMD compared with placebo (Age-Related Eye Disease Study Research 
Group. A randomized, 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;119:1417-36). That study did 
not specifically examine whether antioxidant supplements were effective for the primary 
prevention of early AMD in people without signs of this condition.20 

Because oxidative damage could cause drusen to form, antioxidants may be beneficial in 
the earliest stage of AMD (Crabb JW, Miyagi M, Gu X, Shadrach K, West KA, 
Sakaguchi H, et al. Drusen proteome analysis: an approach to the etiology of age-related 
macular degeneration. Proc Natl Acad Sci USA 2002;99:14682-7). Randomised control 

trials and observational studies have been conducted in well nourished Western 
populations, but evidence of the role of dietary antioxidants as a primary preventive 
measure for AMD remains unproven. 

Carotenoids have been shown to be good filters of harmful blue light, and their 
antioxidative properties have been demonstrated in vitro (Britton G. Structure and 
properties of carotenoids in relation to function. Faseb J 1995;9:1551-8).  

Two of these carotenoids, lutein and zeaxanthin, are found in the macula in 
concentrations higher than in other parts of the body (Schmitz HH, Poor CL, Gugger 
ET, Erdman JW Jr. Analysis of carotenoids in human and animal tissues. Methods 
Enzymol 1993;214:102-16).  

1.4.2.3  Free radical/ oxidative stress hypothesis 
Reactive oxygen intermediates is an inclusive term used to describe both oxidants 
and free radical species. A free radical can be described as 'any atom or molecule 
that has one or more unpaired electrons'. Examples include the superoxide anion  
(O2-•) and the hydroxyl free radical (OH•). Oxidants such as singlet oxygen (102) and 
hydrogen peroxide (H202) contain paired electrons, but in a reactive state. It is 
proposed that many degenerative diseases result from uncontrolled ROI (EMODs) 
reactions within the body (Florence TM: The role of free radicals in disease 
(review).  Australian and New Zealand Journal of Ophthalmology 1995, 23:3-7).  

A free radical will attempt to achieve stability by gaining electrons from other molecules. 
These molecules become 'reducing agents' by donating electrons and are damaged by this 
process. In the retina this damage may theoretically lead to the development of age-
related macular disease. The retina is particularly susceptible to oxidative stress for 
several reasons: 
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• The retina is subject to high levels of radiation, particularly blue light. 

1. • Oxygen consumption by the retina is greater than that of other 
tissues (Sickel W: Retinal metabolism in dark and light.  Handbook of sensory 
physiology (Edited by: FuortesMGF). Berlin, Springer-Verlag 1972, 667-727). 

2. • Photoreceptor outer segments contain a high proportion of 
polyunsaturated fatty acids, whose double bonds are a rich source 
of electrons (Bazan NG: The metabolism of omega-3 polyunsaturated fatty 
acids in the eye: the possible role of docosahexaenoic acid and docosanoids in 
retinal physiology and ocular pathology.  Progress in Clinical and Biological 
Research 1989, 312:95-112) (Stone WL, Farnsworth CC, Dratz EA: A 
reinvestigation of the fatty acid content of bovine, rat and frog retinal rod outer 
segments. Experimental Eye Research 1979, 28:387-397). 

3. • The retina contains photosensitisers, which make cells and 
tissues sensitive to the influence of irradiation (Delmelle M: Retinal 
sensitized photodynamic damage to liposomes. Photochemistry and Photobiology 
1978, 28:357-360) (Rozanowska M, Jarvis-Evans J, Korytowski W: Blue light-
induced reactivity of retinal pigment. In vitro generation of oxygen-reactive 
species. Journal of Biological Chemistry 1995, 270:18825-18830). 

4. • Phagocytosis by the RPE generates ROI (Tate DJ Jr, Miceli MV, 
Newsome DA: Phagocytosis and H202 induce catalase and metallothionein gene 
expression in human retinal pigment epithelial cells.  Invest Ophthalmol Vis Sci 
1995, 36:1271-1279). 

According to the Free Radi-Crap theory, antioxidants should be capable of 
preventing the anticipated extensive damage caused by the high levels of generated 
EMODs.  However, antioxidants have failed to do so and further invalidates the 
flawed theory.  

Also, since the retina has such high levels of oxygen and it concentrates light, it 
should be the site for the generation of unbelievably high levels of so-called 
“damaging EMODs” and consequent diseases such as cancer of the eye and 
atherosclerosis should be present or ensue, but they do not.  Tumors of the eye are 
rare, as is atherosclerotic blindness.  In summation, it has been shown over and over 
again that antioxidants do not prevent disease and that the free radical 
theory is wrong. 

1.4.2.4  Statin drugs may increase AMD 

A newly discovered cause of macular degeneration are statin drugs.  Contrary to the 
expectations of some scientists, cholesterol-lowering 'statin' drugs (such as Lipitor or 
Zocor) do not appear to stave off age-related macular degeneration (AMD) in the eye. In 
fact, a review of data from the Cardiovascular Health Study suggests that taking a statin 
may slightly increase the risk of age-related macular degeneration. SOURCE: Archives 
of Ophthalmology, January 2006. 



1.4.3.0   A report on antioxidant vitamins from the American College of 
Cardiology Foundation Task Force on Clinical Expert Consensus 
Documents 

(ACCF CLINICAL CONSENSUS DOCUMENT.  J.H.K. Vogel et al. J Am Coll 
Cardiol, 2005; 46:184-221, doi:10.1016/j.jacc.2005.05.031) 

Some of the following was taken from: Integrating Complementary Medicine Into 
Cardiovascular Medicine: A Report of the American College of Cardiology Foundation 
Task Force on Clinical Expert Consensus Documents (Writing Committee to Develop an 
Expert Consensus Document on Complementary and Integrative Medicine). J.H.K. Vogel 
et al. J. Am. Coll. Cardiol., July 5, 2005; 46(1): 184 – 221. 

 

 

 

 

We live as a collective organism,  
which assembles its beautiful quidity 

from vast numbers of cellular singularities  
and a chorus of raised subcellular organelle voices, 

all trying to sing harmoniously 
in the choir of life. 

R. M. Howes, M.D., Ph.D. 
11/21/06 

 

 

1.4.3.1  Overview of dietary supplements 

The Dietary Supplement Health and Education Act (DSHEA) of 1994 defined dietary 
supplements as a product (other than tobacco) intended to supplement the diet for such 
ingredients as vitamins, minerals, herbs, or other botanicals, amino acids, and substances 

such as enzymes, organ tissues, glandulars, and metabolites. Whatever their form, the 
DSHEA places dietary supplements in a special category under the general umbrella 
of "foods," not drugs, and requires that every supplement be labeled a dietary 

supplement. The establishment of dietary supplements as foods limited the Food and 
Drug Administration (FDA)’s premarketing regulatory authority and placed the FDA in a 
reactive, postmarketing role. Thus, for the FDA to remove a supplement from the 



market it most prove that the supplement presents a significant or unreasonable risk 
of injury or illness when used as recommended on the label. Recently, the Institute of 
Medicine (IOM) has urged that the U.S. Congress and federal agencies, in conjunction 
with industry, research scientists, consumers, and other stakeholders, amend DSHEA and 

the current regulatory practices for dietary supplements in an effort to improve product 
consistency and reliability (IOM, 2005). Just prior to the release of the IOM report on 
Complementary and Alternative Medicine in the U.S., the FDA announced three major 
regulatory initiatives designed to further implement DSHEA 

(http://www.cfsan.fda.gov/~lrd/fr04119a.html, docket no. 2004N-0458). These initiatives 
serve to inform the dietary supplement industry on a regulatory strategy involving the 
monitoring and evaluation of product and ingredient safety, assurance of product quality 

via good manufacturing practice (CGMP regulations), and monitoring and evaluation of 
product labeling. At the same time these new initiatives will give consumers a higher 
level of assurance about the safety of dietary supplement products and the reliability of 
their labeling (Integrating Complementary Medicine Into Cardiovascular Medicine: A 
Report of the American College of Cardiology Foundation Task Force on Clinical Expert 
Consensus Documents (Writing Committee to Develop an Expert Consensus Document 
on Complementary and Integrative Medicine). J.H.K. Vogel et al. J. Am. Coll. Cardiol., 
July 5, 2005; 46(1): 184 – 221) 

1.4.3.2  Antioxidant vitamins 
Antioxidant therapies are allegedly useful in preventing both atherosclerosis and its 
complications by retarding LDL oxidation and by inhibiting the proliferation of smooth 
muscle cells, platelet adhesion and aggregations, the expression and function of adhesion 
molecules, and the synthesis of leukotrienes (Diaz MN, Frei B, Vita JA, Keaney Jr JF. 
Antioxidants and atherosclerotic heart disease N Engl J Med 1997;337:408-416).  

Antioxidants may improve endothelial function, reduce ischemia, and stabilize 
atherosclerotic plaques to prevent plaque rupture (Diaz MN, Frei B, Vita JA, Keaney Jr 
JF. Antioxidants and atherosclerotic heart disease N Engl J Med 1997;337:408-416).  

1.4.3.3  Vitamin E 
Primary Prevention Trials. A potential benefit of vitamin E in CHD is suggested by two 
large prospective epidemiologic trials, which found lower event rates in subjects who 
took at least 100 units of vitamin E per day (Rimm EB, Stampfer MJ, Ascherio A, 
Giovannucci E, Colditz GA, Willett WC. Vitamin E consumption and the risk of 
coronary heart disease in men N Engl J Med 1993;328:1450-1456) (Stampfer MJ, 
Hennekens CH, Manson JE, Colditz GA, Rosner B, Willett WC. Vitamin E consumption 
and the risk of coronary disease in women N Engl J Med 1993;328:1444-1449).  

However, 50 mg of vitamin E in the Alpha-Tocopherol, Beta-Carotene (ATBC) 
cancer prevention trial of male smokers did not decrease nonfatal MIs, and 
increased hemorrhagic stroke (Virtamo J, Rapola JM, Ripatti S, et al. Effect of vitamin 
E and beta carotene on the incidence of primary nonfatal myocardial infarction and fatal 
coronary heart disease Arch Intern Med 1998;158:668-675) (Leppala JM, Virtamo J, 
Fogelholm R, Albanes D, Taylor PR, Heinonen OP. Vitamin E and beta carotene 

http://www.cfsan.fda.gov/~lrd/fr04119a.html


supplementation in high risk for stroke: a subgroup analysis of the Alpha-Tocopherol, 
Beta-Carotene Cancer Prevention Study. Arch Neurol 2000;57:1503-1509).  

Vitamin E use was not associated with decreased stroke in the Health Professionals 

Follow-Up Study (Ascherio A, Rimm EB, Hernan MA, et al. Relation of consumption of 
vitamin E, vitamin C, and carotenoids to risk for stroke among men in the United States 
Ann Intern Med 1999;130:963-970), the Nurses Health Study (Stampfer MJ, Hennekens 
CH, Manson JE, Colditz GA, Rosner B, Willett WC. Vitamin E consumption and the risk 
of coronary disease in women N Engl J Med 1993;328:1444-1449), and the Iowa 
Women’s Health Study (Yochum LA, Folsom AR, Kushi LH. Intake of antioxidant 
vitamins and risk of death from stroke in postmenopausal women Am J Clin Nutr 
2000;72:476-483).  

Most recently, the Collaborative Group of the Primary Prevention Project (PPP) 
found no decrease in cardiovascular events in 4,495 subjects with one or more risk 
factors after 3.6 years of synthetic vitamin E (300 units) therapy compared to none 
(Collaborative Group of the Primary Prevention Project Low-dose aspirin and vitamin E 
in people at cardiovascular riska randomised trial in general practice. Lancet 
2001;357:89-95).  

These data have been confirmed by a recent pooled analysis of nine cohort studies 
(Pooling Project of Cohort Studies on Diet and Coronary Disease) in 293,172 subjects 
free of CHD. A lower CHD risk at higher intake of dietary vitamin E was present when 
adjusted for age and energy intake. However, supplemental vitamin E intake was 
found not to be significantly related to a reduced risk of CHD (Knekt P, Ritz J, 
Pereira MA, et al. Antioxidant vitamins and coronary heart disease riska pooled analysis 
of 9 cohorts. Am J Clin Nutr 2004;80:1508-1520).  

Secondary Prevention Trials. Only one of several controlled trials of vitamin E has 
shown a reduction in some aspect of cardiovascular risk. In the Cambridge Heart 
Antioxidant Study (CHAOS) (Stephens NG, Parsons A, Schofield PM, Kelly F, 
Cheeseman K, Mitchinson MJ. Randomised controlled trial of vitamin E in patients with 
coronary diseaseCambridge Heart Antioxidant Study (CHAOS). Lancet 1996;347:781-
786) vitamin E reduced the risk of nonfatal MI, but not of fatal MI. The Heart Outcomes 
Prevention Evaluation (HOPE) study found no effect of vitamin E for several of primary 
and secondary CVD end points, including disease progression monitored by carotid 
ultrasound (Yusuf S, Dagenais G, Pogue J, Bosch J, Sleight P. Vitamin E 
supplementation and cardiovascular events in high-risk patientsThe Heart Outcomes 
Prevention Evaluation Study Investigators. N Engl J Med 2000;342:154-160).  

The GISSI-Prevenzione trial (Dietary supplementation with n-3 polyunsaturated fatty 
acids and vitamin E after myocardial infarction: results of the GISSI-Prevenzione trial. 
Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto miocardico Lancet 
1999;354:447-455) failed to show benefit from vitamin E supplementation on CHD 

or stroke in almost 8,000 patients.  



The Vitamin E Atherosclerosis Prevention Study (VEAPS) provided additional 
evidence that vitamin E supplementation (400 units) did not reduce the progression 

of atherosclerosis as evaluated by change in intimal medial thickness (Hodis HN, 
Mack WJ, LaBree L, et al. Alpha-tocopherol supplementation in healthy individuals 
reduces low-density lipoprotein oxidation but not atherosclerosisthe Vitamin E 
Atherosclerosis Prevention Study (VEAPS). Circulation 2002;106:1453-1459). A meta-
analysis of seven randomized trials of vitamin E (50 units to 800 units) in 81,788 patients 
confirmed that vitamin E did not reduce mortality, decrease cardiovascular death, or 
cerebrovascular accident (Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use 
of antioxidant vitamins for the prevention of cardiovascular diseasemeta-analysis of 
randomised trials. Lancet 2003;361:2017-2023).  

A more recent and larger (135,967 participants in 19 clinical trials) meta-analysis that 
considered the dose dependent effects of vitamin E supplementation noted that at high 
dosage (400 units/day or more) a pooled risk difference of 34 per 10,000 persons (95% CI 
5 to 63 per 10,000 persons, p = 0.022). However, it is unclear whether the investigators 

isolated the effects of vitamin E from those of other supplements. Most of the evidence 
for an elevated mortality risk came from two trials that administered vitamin E together 
with beta-carotene. It is uncertain whether an increased risk for death from high-dose 

vitamin E based on this most recent analysis of RCTs exists (Miller III ER, Pastor-
Barriuso R, Dalal D, Riemersma RA, Appel LJ, Guallar E. Meta-analysishigh-dosage 
vitamin E supplementation may increase all-cause mortality. Ann Intern Med 
2005;142:37-46).  

1.4.3.4  Vitamin C 
Primary Prevention. When examined individually, most observational and 
prospective cohort studies do not demonstrate a relationship between vitamin C 
intake and CVD (Rimm EB, Stampfer MJ. Antioxidants for vascular disease Med Clin 
North Am 2000;84:239-249) (Manson JE, Stampfer MJ, Willett WC, et al. A prospective 
study of vitamin C and incidence of coronary heart disease in women Circulation 
1992;85:865) and there have been no RCTs specifically examining the effects of vitamin 
C supplementation on cardiovascular end points (Ascherio A, Rimm EB, Hernan MA, et 
al. Relation of consumption of vitamin E, vitamin C, and carotenoids to risk for stroke 
among men in the United States Ann Intern Med 1999;130:963-970) (Losonczy KG, 
Harris TB, Havlik RJ. Vitamin E and vitamin C supplement use and risk of all-cause and 
coronary heart disease mortality in older persons; the Established Populations for 
Epidemiologic Studies of the Elderly. Am J Clin Nutr 1996;64:190-196).  

In the Iowa Women’s Health Study, women in the top quintile of vitamin C intake 

versus the lowest quintile had a nonsignificant increased risk for CHD mortality and 
a borderline significant trend toward increased stroke (Kushi LH, Folsom AR, 
Prineas RJ, Mink PJ, Wu Y, Bostick RM. Dietary antioxidant vitamins and death from 
coronary heart disease in postmenopausal women N Engl J Med 1996;334:1156-1162).  

Long-term use of vitamin C in a large prospective investigation was not associated 
with a reduced risk of stroke, as well (Ascherio A, Rimm EB, Hernan MA, et al. 



Relation of consumption of vitamin E, vitamin C, and carotenoids to risk for stroke 
among men in the United States Ann Intern Med 1999;130:963-970).  

However, a more recent analysis from the Nurses’ Health Study indicates that women in 

the highest quintile of intake for vitamin C (greater than 360 mg per day from diet and 
supplements) compared with the lowest quintile (less than or equal to 93 mg per day), had 
a 27% lower risk for CHD, and women taking supplemental vitamin C had a 28% lower 
risk of nonfatal MI and fatal CHD compared with women who took no vitamin C 
(Osganian SK, Stampfer MJ, Rimm E, et al. Vitamin C and risk of coronary heart disease 
in women J Am Coll Cardiol 2003;42:246-252).  

In the recent pooled analysis from the Pooling Project of Cohort Studies on Diet and 
Coronary Disease (Knekt P, Ritz J, Pereira MA, et al. Antioxidant vitamins and coronary 
heart disease risk: a pooled analysis of 9 cohorts. Am J Clin Nutr 2004;80:1508-1520), 
those subjects with higher supplemental vitamin C intake (greater than 700 mg/day) 
had a 25% reduced risk of CHD. Nevertheless, the current consensus does 
not find a value for supplemental vitamin C in preventing heart disease 
(Kris-Etherton PM, Lichtenstein AH, Howard BV, Steinberg D, Witztum JL. Antioxidant 
vitamin supplements and cardiovascular disease Circulation 2004;110:637-641).  

 

1.4.3.5  Beta-carotene 

 
Trials of beta-carotene have demonstrated no cardiovascular benefit, and one 
demonstrated an adverse clinical outcome. An increased incidence of lung cancer and 
CVD mortality were observed in the ATBC cancer prevention study (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).  

Beta-carotene supplementation was also associated with a slight increase in the 
frequency of angina pectoris (Rapola JM, Virtamo J, Ripatti S, et al. Randomised trial 
of alpha-tocopherol and beta-carotene supplements on incidence of major coronary 
events in men with previous myocardial infarction Lancet 1997;349:1715-1720).  

A meta-analysis of eight trials evaluating beta-carotene in 138,113 patients revealed 
a small but significant increase in all-cause mortality and cardiovascular death 
(Osganian SK, Stampfer MJ, Rimm E, et al. Vitamin C and risk of coronary heart disease 
in women J Am Coll Cardiol 2003;42:246-252).  

Thus, beta-carotene supplementation is discouraged (Krauss RM, Eckel RH, 
Howard B, et al. AHA Dietary Guidelines: revision 2000: a statement for healthcare 
professionals from the Nutrition Committee of the American Heart Association 
Circulation 2000;102:2284-2299).  



Combination Vitamin Trials. The Heart Protection Study (HPS) randomized 20,536 
subjects at high risk for CHD to 40 mg simvastatin daily or placebo and vitamin E (600 
mg), vitamin C (250 mg), and beta-carotene (20 mg) or placebo. After 5.5 years of 
study, no benefit from combination vitamin therapy was evident (Heart Protection 
Study Collaborative Group MRC/BHF Heart Protection Study of antioxidant vitamin 
supplementation in 20,536 high-risk individualsa randomised placebo-controlled trial. 
Lancet 2002;360:23-33).  

A small RCT, the HDL Cholesterol Atherosclerosis Treatment Study (HATS), found that 
vitamin C (1 g), vitamin E (800 units), beta-carotene (50 mg), and selenium (100 
mcg) reduced the benefit of simvastatin plus niacin therapy on CAD progression 
and cardiovascular events (Cheung MC, Zhao XQ, Chait A, Albers JJ, Brown BG. 
Antioxidant supplements block the response of HDL to simvastatin-niacin therapy in 
patients with coronary artery disease and low HDL Arterioscler Thromb Vasc Biol 
2001;21:1320-1326) suggesting a potential drug/supplement interaction affecting the 
efficacy of statin therapies. Lack of benefit for combination vitamin E (400 units) and 
vitamin C (500 mg) was also documented in 423 postmenopausal women with CAD 
participating in the Women’s Angiographic Vitamin and Estrogen (WAVE) trial 
(Waters DD, Alderman EL, Hsia J, et al. Effects of hormone replacement therapy and 
antioxidant vitamin supplements on coronary atherosclerosis in postmenopausal women:  
a randomized controlled trial. JAMA 2002;288:2432-2440).  

In contrast to the aforementioned negative trials, the Antioxidant Supplementation in 
Atherosclerosis Prevention (ASAP) study of 440 hypercholesterolemic patients 
randomized to vitamins E and C, reported that combination therapy decreased the rate 
of atherosclerosis progression (especially in men) over a six-year period as measured 

by carotid artery intima-media thickness. This study selected subjects with high 
oxidative stress and maximized absorption of the antioxidants by giving them with meals 
(Salonen RM, Nyyssonen K, Kaikkonen J, et al. Six-year effect of combined vitamin C 
and E supplementation on atherosclerotic progressionthe Antioxidant Supplementation in 
Atherosclerosis Prevention (ASAP) Study. Circulation 2003;107:947-953).  

In summary, aside from the recent pooled analysis of vitamin C cohort studies, the 
consensus of antioxidant vitamin study results do not support a 
cardiovascular benefit related to the use of vitamins E and C and beta-
carotene (Kris-Etherton PM, Lichtenstein AH, Howard BV, Steinberg D, Witztum JL. 
Antioxidant vitamin supplements and cardiovascular disease. Circulation. 2004;110:637-
641). 

Since other factors have been considered in the etiology and control of CVD, I have 
decided to include the following discussions: 

1.4.4.0  Summary of general nutritional recommendations 



• Achieve and maintain ideal body weight by limiting foods high in calories and 
low in nutrient density, including those high in sugar, such as soft drinks and 
candy.  
• Eat a variety of fruits, vegetables, legumes, nuts, soy products, low-fat dairy 
products, and whole grain breads, cereals, and pastas.  
• Eat baked or broiled fish at least twice per week.  
• Choose oils and margarines low in saturated and trans fat and high in omega-3 
fat, such as canola, soybean, walnut, and flaxseed oils, including those fortified 
with stanols and sterols.  
• Avoid foods high in saturated and trans fats, such as red meat, whole milk 
products, and pastries.  
• If you drink alcohol, limit consumption to no more than 2 drinks per day for a 
man or 1 drink per day for a woman.  
• Eat less than 6 g of salt or less than 2,400 mg of sodium per day.  
• Be physically active. Get 30 min of exercise daily 

 
1.4.4.1  Omega-3 fatty acids 
Individual fatty acids have remarkably diverse effects on coronary risk factors and 
vascular biology. Omega-3 and -6 fatty acids are essential nutrients. Dietary fatty acids 

affect eicosanoid products (e.g., thromboxanes, leukotrienes, prostaglandins) responsible 
for vasoregulation, inflammation, and coagulation. Omega-3 fatty acids may also affect 
CHD outcomes by decreasing triglyceride levels, ventricular arrhythmias, decreasing 
fibrinogen levels and platelet counts, modestly reducing blood pressures, and decreasing 
cell proliferation. Improvements in arterial compliance and endothelial function have also 
been documented with fish oil, a major supply of dietary omega-3 fatty acids. There are 
changes in autonomic tone (as observed by improvement in heart rate variability 
measures) and in mood (depression). 
 
Epidemiologic studies have generally shown an inverse correlation between 
consumption of fish or other sources of dietary omega-3 fatty acids and 
cardiovascular events (Kromhout D, Bosschieter EB, de Lezenne CC. The inverse 
relation between fish consumption and 20-year mortality from coronary heart disease N 
Engl J Med 1985;312:1205-1209) (Burchfiel CM, Reed DM, Strong JP, Sharp DS, 
Chyou PH, Rodriguez BL. Predictors of myocardial lesions in men with minimal 
coronary atherosclerosis at autopsyThe Honolulu heart program. Ann Epidemiol 
1996;6:137-146) (Daviglus ML, Stamler J, Orencia AJ, et al. Fish consumption and the 
30-year risk of fatal myocardial infarction N Engl J Med 1997;336:1046-1053) (Dolecek 
TA. Epidemiological evidence of relationships between dietary polyunsaturated fatty 
acids and mortality in the multiple risk factor intervention trial Proc Soc Exp Biol Med 
1992;200:177-182) (Siscovick DS, Raghunathan TE, King I, et al. Dietary intake and cell 
membrane levels of long-chain n-3 polyunsaturated fatty acids and the risk of primary 
cardiac arrest JAMA 1995;274:1363-1367).  
 
Conversely, other epidemiologic studies have failed to document the benefits of fish 
consumption (Guallar E, Hennekens CH, Sacks FM, Willett WC, Stampfer MJ. A 
prospective study of plasma fish oil levels and incidence of myocardial infarction in U.S 



male physicians. J Am Coll Cardiol 1995;25:387-394) (Ness AR, Hughes J, Elwood PC, 
Whitley E, Smith GD, Burr ML. The long-term effect of dietary advice in men with 
coronary diseasefollow-up of the Diet and Reinfarction Trial (DART). Eur J Clin Nutr 
2002;56:512-518) (Ascherio A, Rimm EB, Stampfer MJ, Giovannucci EL, Willett WC. 
Dietary intake of marine n-3 fatty acids, fish intake, and the risk of coronary disease 
among men N Engl J Med 1995;332:977-982) (Guallar E, Aro A, Jimenez FJ, et al. 
Omega-3 fatty acids in adipose tissue and risk of myocardial infarctionthe EURAMIC 
study. Arterioscler Thromb Vasc Biol 1999;19:1111-1118). 

Omega-3 fatty acids have been tested in several secondary prevention trials. Four 
prospective, controlled intervention trials with either oily fish or omega-3 fatty acid 
capsules have demonstrated reduced cardiovascular events. However, in the DART trial, 
fish consumption reduced overall mortality early after myocardial infarction (MI) 
(Burr ML, Fehily AM, Gilbert JF, et al. Effects of changes in fat, fish, and fibre intakes 
on death and myocardial reinfarctiondiet and reinfarction trial (DART). Lancet 
1989;2:757-761), but was associated with higher risk over the subsequent three years 
of the study (Ness AR, Hughes J, Elwood PC, Whitley E, Smith GD, Burr ML. The 
long-term effect of dietary advice in men with coronary diseasefollow-up of the Diet and 
Reinfarction Trial (DART). Eur J Clin Nutr 2002;56:512-518). The GISSI-Prevenzione 
study is the largest of the controlled trials investigating omega-3 fatty acid supplements (1 
g per day) and CHD risk. In this trial, total mortality was reduced by 20% and sudden 
death by 45% in an intention-to-treat analysis. Mortality was reduced through a decreased 
incidence in sudden death.  

Studies published to date are mixed regarding a role for dietary omega-3 fatty acids in the 
prevention of restenosis after percutaneous coronary angioplasty. They have not been 
found to reduce coronary atherosclerosis progression to a significant extent (von 
Schacky C, Angerer P, Kothny W, Theisen K, Mudra H. The effect of dietary omega-3 
fatty acids on coronary atherosclerosisA randomized, double-blind, placebo-controlled 
trial. Ann Intern Med 1999;130:554-562) (Sacks FM, Stone PH, Gibson CM, Silverman 
DI, Rosner B, Pasternak RC. Controlled trial of fish oil for regression of human coronary 
atherosclerosisHARP Research Group. J Am Coll Cardiol 1995;25:1492-1498). One 
study demonstrated that occlusion of aortocoronary venous bypass grafts was reduced 
after one year by daily ingestion of 4 g of fish-oil concentrate (Eritsland J, Arnesen H, 
Gronseth K, Fjeld NB, Abdelnoor M. Effect of dietary supplementation with n-3 fatty 
acids on coronary artery bypass graft patency Am J Cardiol 1996;77:31-36).  

1.4.4.2  Garlic (Allium sativum) 
Garlic is an herb that has been used for thousands of years as a food and spice. Garlic 
potentially affects plasma lipids, fibrinolytic activity, platelet aggregation, blood pressure, 
and blood glucose (Rahman K. Historical perspective on garlic and cardiovascular 
disease J Nutr 2001;131:977S-979S).  
 
Various formulations/preparations of garlic and different study designs have led to 
contradictory results. The Agency for Healthcare Research and Quality (AHRQ) (Mulrow 
C, Lawrence V, Ackermann R, et al. Garliceffects on cardiovascular risks and disease, 



protective effects against cancer, and clinical adverse effects. (Summ) Evid Rep Technol 
Assess 2000:1-4) noted on review of 36 randomized trials modest, short-term effects of 
garlic supplementation on lipid and antithrombotic factors. Various garlic preparations 
led to small but significant reductions in total cholesterol at one month and at three 
months (range of average pooled reductions 11.6 to 24.3 mg/dl). Eight six-month 
controlled trials showed no significant reductions.  
 

Effects on clinical outcomes are not established, and effects on glucose and blood 
pressure are none to minimal. A similar meta-analysis conducted by Stevinson et al. 
(Stevinson C, Pittler MH, Ernst E. Garlic for treating hypercholesterolemia. a meta-
analysis of randomized clinical trials Ann Intern Med 2000;133:420-429) that included 13 
randomized, placebo-controlled trials concluded that the use of garlic for 
hypercholesterolemia was of questionable value.  
 

Superko and Krauss (Superko HR, Krauss RM. Garlic powder, effect on plasma lipids, 
postprandial lipemia, low- density lipoprotein particle size, high-density lipoprotein 
subclass distribution and lipoprotein(a) J Am Coll Cardiol 2000;35:321-326) 
demonstrated in a randomized, placebo controlled trial in hypercholesterolemic subjects 
that garlic has no effect on major plasma lipoproteins and that it does not impact 
HDL subclasses, Lp(a), apolipoprotein B, postprandial triglycerides, or LDL 
subclass distribution. 
 
1.4.4.3  Soy 
Soy-based foods have cholesterol-lowering, estrogenic, and antioxidant properties.  
Soy-based foods reduce lipid oxidation, promote increased vascular reactivity, and 

improve arterial compliance (Lu LJ, Tice JA, Bellino FL. Phytoestrogens and healthy 
aginggaps in knowledge. a workshop report. Menopause 2001;8:157-170). 
 
A meta-analysis of 38 trials of soy protein demonstrated reductions in total cholesterol of 
9.3%, LDL cholesterol of 12.9%, and triglyceride levels of 10.5%, accompanied by an 
increase of 2.5% in HDL cholesterol (Anderson JW, Johnstone BM, Cook-Newell ME. 
Meta-analysis of the effects of soy protein intake on serum lipids N Engl J Med 
1995;333:276-282). However, more recent studies in postmenopausal women fail to 
show improvements in plasma lipids (Kreijkamp-Kaspers S, Kok L, Grobbee DE, et al. 
Effect of soy protein containing isoflavones on cognitive function, bone mineral density, 
and plasma lipids in postmenopausal womena randomized controlled trial. JAMA 
2004;292:65-74).   
 
Extracts of soy isoflavones given to human subjects do not result in cardiovascular 
benefits except for improvements in systemic arterial compliance (Clarkson TB. Soy, soy 
phytoestrogens and cardiovascular disease J Nutr 2002;132:566S-569S). 
 

The clinical benefit of isoflavones is unclear. In light of the recent findings about 
estrogen from the Women’s Health Initiative, the U.S. Preventive Services Task Force 
has stated that the evidence is inconclusive to determine whether phytoestrogens, such 



as soy isoflavones, are effective for reducing the risk of CVD (Postmenopausal 
hormone replacement therapy for primary prevention of chronic conditions 
recommendations and rationale. Ann Intern Med 2002;137:834-839).  

1.4.4.4  Soluble fiber 
Soluble or viscous fibers, such as oat bran, psyllium, guar, and pectin, are thought to 
reduce heart disease by lowering total and LDL cholesterol levels without affecting serum 
triglycerides. Conversely, insoluble wheat fiber and cellulose have no cholesterol-
lowering effects unless used in the diet to replace foods supplying saturated fats or 
cholesterol. Increasing dietary fiber has been recommended as a safe and practical 
approach to cholesterol reduction. Large epidemiologic studies have demonstrated a 
reduced risk for MIs and death from CHD in both men and women who consume 
higher amounts of dietary fiber (Rimm EB, Katan MB, Ascherio A, Stampfer MJ, 
Willett WC. Relation between intake of flavonoids and risk for coronary heart disease in 
male health professionals Ann Intern Med 1996;125:384-389) (Wolk A, Manson JE, 
Stampfer MJ, et al. Long-term intake of dietary fiber and decreased risk of coronary heart 
disease among women JAMA 1999;281:1998-2004) (Todd S, Woodward M, Tunstall-
Pedoe H, Bolton-Smith C. Dietary antioxidant vitamins and fiber in the etiology of 
cardiovascular disease and all-causes mortalityresults from the Scottish Heart Health 
Study. Am J Epidemiol 1999;150:1073-1080).  
 
These studies provide strong support linking dietary fiber intake to protection from 

CHD. These data are supported by numerous ecological, cohort, case-comparison, 
population-based, and, most recently, clinical trials demonstrating an inverse 
relationship between dietary fiber consumption and atherosclerotic CVD (Anderson 
JW, Hanna TJ. Impact of nondigestible carbohydrates on serum lipoproteins and risk for 
cardiovascular disease J Nutr 1999;129:1457S-1466S). 
 

The hypocholesterolemic effects of psyllium, guar gum, and oat bran are documented by 
meta-analyses. A meta-analysis of 67 controlled trials studying the cholesterol lowering 
effect of four types of soluble fiber (oat, psyllium, pectin, and guar gum) reported small 
but significant reductions in total cholesterol (1.7 mg/dl per g soluble fiber) and LDL 
(cholesterol (1.9 mg/dl per g soluble fiber) (Kris-Etherton PM, Krummel D, Russell ME, 
et al. The effect of diet on plasma lipids, lipoproteins, and coronary heart disease J Am 
Diet Assoc 1988;88:1373-1400). Hypercholesterolemic subjects with initially higher 
cholesterol levels experienced the most significant reductions. Triglycerides and HDL 
cholesterol were not significantly influenced by soluble fiber. The magnitude of lipid 
lowering was found to be similar for oat, psyllium, or pectin-based fibers.  

Because of the favorable effect of soluble fiber on LDL cholesterol levels, the ATP III 
panel recommends that the diet be enriched by foods that provide a total of at least 5 
to 10 g of soluble fiber daily (Expert Panel on Detection, Evaluation, and Treatment of 
High Blood Cholesterol in Adults Executive summary of the Third Report of the National 
Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and 



Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) JAMA 
2001;285:2486-2497).  

Dietary fiber also reduces blood pressure, obesity, insulin resistance, and clotting 
factors—all independent risk factors for CHD (Anderson JW, Hanna TJ. Impact of 
nondigestible carbohydrates on serum lipoproteins and risk for cardiovascular disease J 
Nutr 1999;129:1457S-1466S).  

1.4.4.5  Nuts 
The few studies that have looked at the consumption of whole nuts in relation to CHD 
have reported a consistent and substantial protective effect. Three of the largest 
nutritional epidemiologic prospective studies evaluating multiple population groups, 
ages, races, and gender have found a consistent inverse relationship between nut 
consumption and coronary risk (Fraser GE, Sabate J, Beeson WL, Strahan TM. A 
possible protective effect of nut consumption on risk of coronary heart diseaseThe 
Adventist Health Study. Arch Intern Med 1992;152:1416-1424) (Hu FB, Stampfer MJ, 
Manson JE, et al. Frequent nut consumption and risk of coronary heart disease in 
womenprospective cohort study. BMJ 1998;317:1341-1345) (Albert CM, Gaziano JM, 
Willett WC, Manson JE. Nut consumption and decreased risk of sudden cardiac death in 
the Physicians’ Health Study Arch Intern Med 2002;162:1382-1387).  

Recent prospective data from the Physicians’ Health Study demonstrated consumption 

of nuts two or more times a week significantly reduced the risk of sudden cardiac 
death (RR) of 0.53 (95% CI 0.30 to 092, p for trend = 0.01) and a RR of 0.70 (95% CI 
0.50 to 0.98, p for trend = 0.06) for total CHD deaths compared with men who rarely or 
never consumed nuts (Albert CM, Gaziano JM, Willett WC, Manson JE. Nut 
consumption and decreased risk of sudden cardiac death in the Physicians’ Health Study 
Arch Intern Med 2002;162:1382-1387). The association between nut consumption and 
sudden cardiac death became stronger after adjustment for lifestyle, cardiac risk factors, 
and diet. Like some nuts, canola oil and flaxseed oil are the richest known source of 
alpha-linolenic acid, an omega-3 fatty acid. 
 
1.4.4.6  Tea 
Tea drinking appears to be protective against CHD in a number of epidemiologic studies 
(Hertog MG, Feskens EJ, Hollman PC, Katan MB, Kromhout D. Dietary antioxidant 
flavonoids and risk of coronary heart diseasethe Zutphen Elderly Study. Lancet 
1993;342:1007-1011)  (Hertog MG, Kromhout D, Aravanis C, et al. Flavonoid intake and 
long-term risk of coronary heart disease and cancer in the seven countries study Arch 
Intern Med 1995;155:381-386) (Keli SO, Hertog MG, Feskens EJ, Kromhout D. Dietary 
flavonoids, antioxidant vitamins, and incidence of stroke the Zutphen study. Arch Intern 
Med 1996;156:637-642) (Sesso HD, Gaziano JM, Buring JE, Hennekens CH. Coffee and 
tea intake and the risk of myocardial infarction Am J Epidemiol 1999;149:162-167).  
 
In the older cohort of the Rotterdam Study, an inverse association was 
demonstrated between tea drinking and advanced aortic atherosclerosis (Geleijnse 



JM, Launer LJ, Hofman A, Pols HA, Witteman JC. Tea flavonoids may protect against 
atherosclerosisthe Rotterdam Study. Arch Intern Med 1999;159:2170-2174). 
 
A recent clinical study has shown that consumption of black tea improves brachial artery 

flow-mediated dilation in patients with CAD (Duffy SJ, Keaney Jr JF, Holbrook M, et al. 
Short- and long-term black tea consumption reverses endothelial dysfunction in patients 
with coronary artery disease Circulation 2001;104:151-156).  
 
Despite the favorable epidemiology and mechanistic investigations, no studies have 
prospectively documented a reduction in cardiovascular risk with tea drinking. 
 
 
 
 

 
I once woke up from a hangover so bad, 

that I had  
blood-shot hair. 

Bottoms up, boys. 
R. M. Howes, M.D., Ph.D. 

5/15/08 

 

 

1.4.4.7  Alcohol 

Epidemiologic studies have shown that the incidence of MI, angina pectoris, and 
coronary-related deaths are inversely related to moderate alcohol intake, as defined by 1 
to 3 drinks daily. Although many mechanisms for this effect have been suggested, the best 
documented effect is an increase in HDL cholesterol by alcohol (Gaziano JM, Buring JE, 
Breslow JL, et al. Moderate alcohol intake, increased levels of high-density lipoprotein 
and its subfractions, and decreased risk of myocardial infarction N Engl J Med 
1993;329:1829-1834).  

Recent studies have shown that moderate drinkers are less likely to suffer ischemic 
stroke, peripheral vascular disease, and death following an acute MI. Cooper et al. found 
that light-to-moderate drinkers with left ventricular systolic dysfunction had fewer 
adverse outcomes. In the Framingham Heart Study, Walsh et al. found that the incidence 
of congestive heart failure was lower in subjects who consumed moderate amounts of 
alcohol. Abramson et al. were able to demonstrate that subjects who consumed moderate 

levels of alcohol had a significantly lower risk of developing heart failure.  

Moderate consumption of alcohol-containing beverages does not appear to result in 
significant morbidity; however, heavy alcohol consumption can result in 



cardiomyopathy, hypertension, hemorrhagic stroke, cardiac arrhythmia, and sudden 
death. Alcohol ingestion poses such a number of health hazards with irresponsible 
consumption that the AHA recommends that physicians and patients discuss the adverse 
and potentially beneficial aspects of moderate drinking (Goldberg IJ, Mosca L, Piano 
MR, Fisher EA. AHA Science Advisorywine and your heart: a science advisory for 
healthcare professionals from the Nutrition Committee, Council on Epidemiology and 
Prevention, and Council on Cardiovascular Nursing of the American Heart Association. 
Circulation 2001;103:472-475).  

Folic acid, vitamin B6, and vitamin B12 
Elevated homocysteine levels are associated with increased risk of coronary artery and 
vascular disease.  Most recently, a trial of folic acid (1 mg), vitamin B12 (400 units), and 
pyridoxine (B6) (10 mg) found a significantly reduced homocysteine levels, rate of 
restenosis, and need for revascularization in a group of 553 CAD patients at one year of 
follow-up. A similar RCT of 626 patients treated with B-vitamin therapy following 
coronary stenting procedures, however, found increased rates of restenosis, particularly in 
patients receiving bare-metal stents and major adverse cardiac events in the vitamin 
treated group after one year of follow-up. The rate of restenosis in the homocysteine-
lowering group was 35% compared with 27% in the group receiving placebo (Lange H, 
Suryapranata H, De LG, et al. Folate therapy and in-stent restenosis after coronary 
stenting N Engl J Med 2004;350:2673-2681). 
 
Although striking differences exist between the study populations, it raises the 
potential of possible harm from use of high-dose B-vitamins. Strong evidence for a 
benefit for B vitamins in CVD is pending; there remain a number of ongoing trials, 
including WACS, SEARCH, PACIFIC, NORVIT, and CHAOS-2 (Clarke R, Collins R. 
Can dietary supplements with folic acid or vitamin B6 reduce cardiovascular risk? Design 
of clinical trials to test the homocysteine hypothesis of vascular disease J Cardiovasc 
Risk 1998;5:249-255). 
 
1.4.4.8  Minerals 
Magnesium 
Magnesium metabolism is involved in insulin sensitivity and blood pressure regulation, 
and magnesium deficiency is common in both diabetes and hypertension.  A recent meta-
analysis of 20 randomized studies including both normotensive and hypertensive subjects 
detected a dose-dependent blood pressure reduction with magnesium supplementation 

(Jee SH, Miller III ER, Guallar E, Singh VK, Appel LJ, Klag MJ. The effect of 
magnesium supplementation on blood pressure a meta-analysis of randomized clinical 
trials. Am J Hypertens 2002;15:691-696).  
 
The DASH intervention study demonstrated that a diet of fruits and vegetables, which 
increased magnesium intake from an average of 176 to 423 mg per day, significantly 
lowered blood pressure in adults who were not classified as hypertensive. However, 
studies in hypertensive patients have led to conflicting results. Ascherio et al. 
(Ascherio A, Rimm EB, Hernan MA, et al. Intake of potassium, magnesium, calcium, 
and fiber and risk of stroke among U.S men. Circulation 1998;98:1198-1204) found an 
inverse correlation between the intake of magnesium and the risk of stroke. 

 

 

  

 

 



Dietary intakes of magnesium are suboptimal in the U.S. as evidenced by recent 
NHANES survey intake data (Ford ES, Mokdad AH. Dietary magnesium intake in a 
national sample of U.S adults. J Nutr 2003;133:2879-2882). Diets rich in magnesium 

and magnesium supplementation may be helpful in preventing CVD, especially 
hypertension.  

 

1.4.5.0  Other bioactive supplements 

 
1.4.5.1  Coenzyme Q10 
Coenzyme Q10 (CoQ10) is involved in oxidative phosphorylation and the generation of 
adenosine triphosphate (ATP). The CoQ10 acts as a free radical scavenger and 
membrane stabilizer. There have been over 40 controlled trials of the clinical effect 
of CoQ10 on CVD, a majority of which show benefit in subjective (quality of life, 
decrease in hospitalizations) and objective (increased left ventricular ejection fraction, 
stroke index) parameters. A recent review (Langsjoen PH, Langsjoen AM. Overview of 
the use of CoQ10 in cardiovascular disease Biofactors 1999;9:273-284) and meta-
analysis (Soja AM, Mortensen SA. Treatment of congestive heart failure with coenzyme 
Q10 illuminated by meta-analyses of clinical trials Mol Aspects Med 
1997;18(Suppl):S159-S168) have shown benefit of CoQ10 as adjunctive treatment in 
patients with CHF.  

The largest trial to date was a one-year, placebo-controlled study of CoQ10 in 651 New 
York Heart Association (NYHA) functional class III or IV CHF patients (174). These 
investigators found a significant decrease (38% to 61%) in the number of hospitalizations, 
incidences of pulmonary edema, and episodes of cardiac asthma. No differences in death 
rates were documented. However, two of the most recent placebo-controlled trials 
found that the addition of 100 to 200 mg/day of oral CoQ10 to conventional medical 
therapy did not result in significant improvement in left ventricular ejection 
fraction, peak oxygen consumption, exercise performance, or quality of life in 
patients with advanced heart failure (Watson PS, Scalia GM, Galbraith A, Burstow DJ, 
Bett N, Aroney CN. Lack of effect of coenzyme Q on left ventricular function in patients 
with congestive heart failure J Am Coll Cardiol 1999;33:1549-1552) (Khatta M, 
Alexander BS, Krichten CM, et al. The effect of coenzyme Q10 in patients with 
congestive heart failure Ann Intern Med 2000;132:636-640).  

A mortality benefit for CoQ10 has not been established in contrast to angiotensin-
converting enzyme inhibitors, beta-blockers, and aldosterone antagonists. Case reports 
associate CoQ10 therapy with decreased internation normalized ratio (INR) in patients 

taking warfarin; however, CoQ10 had no effect on the INR in patients on warfarin in a 
randomized, double-blind, placebo-controlled, crossover trial. Caution is advised if 
patients are taking CoQ10 and warfarin. The HMG-CoA reductase inhibitors may 
inhibit the natural synthesis of CoQ10, and reduced levels of CoQ10 have been 
documented in small controlled clinical trials in patients on statin 
therapies (Rundek T, Naini A, Sacco R, Coates K, DiMauro S. Atorvastatin decreases 

http://content.onlinejacc.org/cgi/content/full/46/1/184


the coenzyme Q10 level in the blood of patients at risk for cardiovascular disease and 
stroke Arch Neurol 2004;61:889-892).  

Reduced levels of CoQ10 may place the patient at increased risk for myopathy; however, 
studies of CoQ10 for decreasing myalgias and myositis are not definitive. One unique 
formulation of CoQ10 has received FDA Orphan Drug status for treating mitochondrial 
disorders. The value of CoQ10 in CVD and with statin use has not been clearly 

established.  

1.4.5.2  L-carnitine 
In 1986, the FDA-approved L-carnitine for use in primary carnitine deficiency, which 
manifests as a disruption in the transport of free fatty acids across the mitochondrial 
membrane for energy production.  At present, it is unclear whether L-carnitine 
provides any benefit beyond well-established therapies. A more definitive answer will 
come from the Carnitine Ecocardiografia Digitalizzata Infarto Miocardico (CEDIM-2) 
trial, which will assess the efficacy of L-carnitine in approximately 4,000 patients with 
acute MI over six months (Colonna P, Iliceto S. Myocardial infarction and left ventricular 
remodeling: results of the CEDIM trial. Carnitine Ecocardiografia Digitalizzata Infarto 
Miocardico Am Heart J 2000;139:S124-S130).  

Supplements containing D- or DL-carnitine, often present in over the counter 
preparations and dietary supplements, should not be substituted for L-carnitine. 
Carnitine frequently causes nausea, pyrosis, dyspepsia, and diarrhea. Concomitant 

use of carnitine with warfarin may potentiate warfarin’s anticoagulant effects.  

1.4.5.3  L-arginine 
L-arginine is the precursor of nitric oxide (NO) and has been shown to improve 
coronary and brachial artery endothelial function and reduce monocyte/endothelial cell 
adhesion. In patients with recurrent chest pain, improvements in coronary blood flow in 
response to acetylcholine have also been documented. In hypercholesterolemic subjects, 
dietary supplementation with L-arginine over two weeks has been shown to normalize the 
adhesiveness of mononuclear cells and reduce platelet aggregability. However, in a study 
in 30 patients with CAD, supplemental L-arginine did not affect measures of NO 
bioactivity and NO-regulated markers of inflammation (Blum A, Hathaway L, 
Mincemoyer R, et al. Oral L-arginine in patients with coronary artery disease on medical 
management Circulation 2000;101:2160-2164).  

There are a few documented reports of adverse effects from oral use of L-arginine. 
Several patients with hepatic impairment and a recent history of spironolactone use were 
reported to develop severe hyperkalemia upon initiation or arginine hydrochloride for 
management of metabolic alkalosis. Oral L-arginine appears to have potential benefit 
in CHD, but hard evidence for its value is currently not available. 

Herb-Drug Interactions: What We Need to Know.   The increased use of herbal and 
phytomedicines by both health professionals and consumers has raised questions about 
herb-supplement and herb-drug interactions because herbs are making a resurgence in the 



U.S. market. Kaufman et al. (Kaufman DW, Kelly JP, Rosenberg L, Anderson TE, 
Mitchell AA. Recent patterns of medication use in the ambulatory adult population of the 
United Statesthe Slone survey. JAMA 2002;287:337-344) described the patterns of 
prescription and nonprescription drugs in the U.S. population, noting that:  

• 14% of the population took supplements and herbals over the prior week  
• 16% of prescription drug users also took herbs or supplements  
• 40% of the population used one or more mineral or vitamin supplements  

In 1997, an estimated 15 million adults took prescription medications along with 
herbal remedies and/or high dose vitamins (Eisenberg DM, Davis RB, Ettner SL, et al. 
Trends in alternative medicine use in the United States, 1990–1997results of a follow-up 
national survey. JAMA 1998;280:1569-1575). These individuals are potentially at risk for 
adverse herb-supplement or herb-drug interactions. 

1.4.5.4  Summary of recommendations for bioactive food components and dietary 
supplements 

Supplements/interventions not recommended (possibly harmful)  

Levels exceeding the upper tolerable limits (IOM, 2001) for vitamins C 
(2,000 mg/day) and E (1,000 mg/day); and beta-carotene 

supplementation not recommended; limit to food sources.  (Integrating 
Complementary Medicine Into Cardiovascular Medicine: A Report of the American 
College of Cardiology Foundation Task Force on Clinical Expert Consensus Documents 

(Writing Committee to Develop an Expert Consensus Document on Complementary and 
Integrative Medicine). J.H.K. Vogel et al. J. Am. Coll. Cardiol., July 5, 2005; 46(1): 184 
– 221). 

1.4.6.0  Placebo.   "Placebo," Latin for "I shall please," can be derived from a device, a 
drug, or complementary medicine modalities. A placebo is not necessarily a sham therapy 
but a potential response due to an interaction between the intent of the healer and the 
expectations of the patient. The response can be powerful, but the longevity of the 
response can vary by condition and type of placebo. Several reports in cardiology—
BHAT (Pickering TG. Publicity on beta-blocker heart attack trial criticised N Engl J Med 
1982;306:371-372), CHF-STAT trial (Deedwania PC, Singh BN, Ellenbogen K, Fisher S, 
Fletcher R, Singh SN. Spontaneous conversion and maintenance of sinus rhythm by 
amiodarone in patients with heart failure and atrial fibrillation: observations from the 
Veterans Affairs congestive heart failure survival trial of antiarrhythmic therapy (CHF-
STAT). The Department of Veterans Affairs CHF-STAT Investigators Circulation 
1998;98:2574-2579), and the Coronary Drug Project (Influence of adherence to treatment 
and response of cholesterol on mortality in the coronary drug project N Engl J Med 
1980;303:1038-1041)—have shown a remarkably strong effect regarding compliance 
with placebo.  



The reduction in mortality for those who take their placebo compared to those who are 
non-compliant is highly significant, but the mechanism (Influence of adherence to 
treatment and response of cholesterol on mortality in the coronary drug project N Engl J 
Med 1980;303:1038-1041) is unknown.  

Shapiro (Shapiro AK. Iatroplacebogenics International Pharmacopsychiatry 1996:215-
248) indicated that the physician was important in the dyadic dance of healing and 
proposed that perhaps doctors, independent of what they did, were actually potent 
placebos in their own right. He and others enumerated a number of specific variables 
that might endow some physicians with particular curative manna: enthusiasm for 
treatment, apparent warm feelings for the patient, confidence, and authority. Some 
physicians may be able to exhibit a placebo effect more intensely than others, but the 
mechanism for this and the extent of it are not understood.  

The placebo effect has been described as a nonspecific psychological or 
psychophysiologic therapeutic effect, but this may not be correct and the response may be 
a crucial synergistic adjunct to any cardiovascular therapy. Placebos can elicit a real and 

substantial response, the extent of which is related to the type of the placebo, the 
condition being treated, and the response being elicited. No multivariate analysis has 
detected which specific patient characteristics are most associated with a profound 
placebo effect. The placebo response in major depression (Walsh BT, Seidman SN, 
Sysko R, Gould M. Placebo response in studies of major depression variable, substantial, 
and growing. JAMA 2002;287:1840-1847) ranges from 32% to 70% and can equal 
that of a drug intervention.  

After all, what occurs during psychotherapy is a form of placebo response. The 
importance of understanding the mechanisms responsible for the placebo response 
is crucial to understanding the basic nature of healing. Expectancy, beliefs, anxiety, 
hope, trust, and intent can alter outcomes regarding disease (Wilentz JS, Engel LW. 
The research and ethical agenda In: Guess H, editor. The Science of the Placebo. Toward 
an Interdisciplinary Research Agenda. London, England: BMJ Books; 2002. pp. 283-
285).  

The placebo response may involve disease expression, specific neuroendocrine, neuronal 
and immune intermediary pathways, neuropeptides, enkephalins, endorphins, 
cholecystokinin, neurohormones (including glucocorticoids and prolactin), 
neurotransmitters (including 5-hydroxytryptamine, norepinephrine, dopamine), and other 
messengers such as nitric acid and prostaglandins. The power of expectancy of 
improvement was emphasized by controlled trials of arthroscopic surgery and of 
neurosurgery. Osteoarthritis of the knee responds as well to arthroscopic 
debridement, arthroscopic lavage, and placebo surgery. Similarly, sham neurosurgery 
improved Parkinson patients as well as cell implants and sham cardiovascular surgery 

improves patient chest pain as often as 90% of the time (Moseley JB, O’Malley K, 
Petersen NJ, et al. A controlled trial of arthroscopic surgery for osteoarthritis of the knee 
N Engl J Med 2002;347:81-88). It is, however, difficult to quantitate the benefit of either 

the placebo effect or sham procedure.  



Hrobjartsson and Gotzsche suggest there is little evidence that placebos in specific 
conditions, comparing no therapy to placebo therapy, had powerful clinical effects 
(Hrobjartsson A, Gotzsche PC. Is the placebo powerless? An analysis of clinical trials 
comparing placebo with no treatment N Engl J Med 2001;344:1594-1602).  

Yet this is likely disease specific as many placebo-controlled studies showed 

enormous benefits of the placebo (Walsh BT, Seidman SN, Sysko R, Gould M. 
Placebo response in studies of major depressionvariable, substantial, and growing. JAMA 
2002;287:1840-1847).  

Another form of the placebo response is relief to a patient when serious disease is 
excluded. Patients who have an evaluation ("tests") for atypical chest pain are less likely 
to be disabled than those who do not have such an evaluation (Sox Jr HC, Margulies I, 
Sox CH. Psychologically mediated effects of diagnostic tests Ann Intern Med 
1981;95:680-685). 

1.4.6.1  Supplement confusion in athletes 

As winter approaches many of us reach for over-the-counter vitamins and herbal 
remedies, such as Vitamin C and Echinacea, in a bid to ward off illnesses and improve 
health. But the vast array of supplements available and lack of industry 
regulation make it difficult for the average person to make an informed 
choice about taking supplements. Now a report published in the online open 
access publication, Nutrition Journal suggests that even athletes, who should be well 
informed as to how to stay in peak physical condition, frequently take supplements 
without realising the potential benefits or side effects.  (Limited agreement exists 
between rationale and practice in athletes' supplement use for maintenance of health: a 
retrospective study.  Andrea Petroczi, Declan P Naughton, Jason Mazanov, Allison 
Holloway and Jerry Bingham. Nutrition Journal 2007, 6:34.  30 October 2007) 

A research team, led by Andrea Petróczi of the School of Life Sciences at Kingston 
University, in South West London, UK re-analysed surveys filled in by high performance 
athletes, representing over thirty different sports, for the 'UK Sport 2005 Drug Free 
Survey'. Three-fifths of athletes questioned took nutritional supplements, but the 
reasons given for taking them did not generally match up to the supplements' actual 
effects. Not surprisingly, given this result, the team also found that relatively few 
supplement users appeared to be taking supplements because of medical advice.  
 
The results are worrisome because high doses of some supplements may damage health 
and contaminated products may even cause athletes to fail drug-screening tests. To help 
remedy this, the article recommends that education about the use of nutritional 
supplements should become a required part of the accreditation process for all sport 
coaches. Indeed, previous research has shown that the more information athletes have on 
supplements, the less likely they are to take them.  
 
"Incongruence regarding nutritional supplements and their effects is alarming," says 



Petróczi. "Athletes seem to take supplements without an understanding of the benefits 
they can offer, or their side effects, suggesting that supplements may be used by high 
performing athletes without a clear, coherent plan." 
 
(Limited agreement exists between rationale and practice in athletes' supplement use for 
maintenance of health: a retrospective study.  Andrea Petroczi, Declan P Naughton, Jason 
Mazanov, Allison Holloway and Jerry Bingham. Nutrition Journal 2007, 6:34.  
30 October 2007) 

Vitamins, minerals, herbal remedies, traditional Asian remedies, amino acids and other 
substances to be taken orally are categorized as ‘supplements’. Alternative terms include 
dietary, food or nutritional supplements or ergogenic aids and in the UK are subject to the 
general provisions of the Food Labelling Regulations 1996, the Food Safety Act 1990, 
and the Trade Descriptions Act 1968. The absence of compelling regulation is reflected 
by the lack of requirement to demonstrate efficacy (unless genetically-modified or 
claimed to be new) prior to marketing coupled to the blanket ban on medical claims. 
Considerable variation in concentrations, terminology and combinations of supplements, 
even within the same country, make it extremely difficult to conduct detailed studies 
commensurate with pharmaceutical industry type clinical trials. Thus, actual consumption 
and side effect profiles are yet to be fully elucidated. 
 
Global supplement use in athletes is estimated to range from 40 to as high as 88 percent 
with over thirty thousand supplements being commercially-available in the USA. (Burns 
RD, Schiller MR, Fada RD, Merrick MA, Wolf KN: Intercollegiate student athlete use of 
nutritional supplements and the role of athletic trainers and dieticians in nutrition 
counselling. J Am Diet Assoc 2004, 104:246-249)  (Erdman KA, Fung TS, Reamer RA: 
Influence of performance level on dietary supplementation in elite Canadian athletes. 
Med Sci Sport Exer 2006, 38:349-356) (Huang S, Johnson K, Pipe A: The use of dietary 
supplements and medication by Canadian athletes in the Atlanta and Sidney Olympic 
Games. Clin J Sport Med 2006, 16:27-33) (Maugham RJ: Contamination of dietary 
supplements and positive drug tests in sport. J Sport Sci 2005, 23:883-889) (Nieper A: 
Nutritional supplement practices in UK junior national track and field athletes. Brit J 
Sport Med 2005, 39:645-649) (Ronsen, O, Sundgot-Borgen, J, Maehlum, S: Supplement 
use and nutritional habits in Norwegian elite athletes. Scand J Med Sci Sports 1999, 9:28-
35) (Silver MD: Use of ergogenic aids by athletes. J Am Acad Orthopaed Surg 2001, 
9:61-70) (Slater G, Tan B, Teh KC: Dietary supplementation practices of Singaporean 
athletes. Int J Exerc Metab 2003, 13:320-332) (Sundgot-Borgen J, Berglund B, Torsveit 
MK: Nutritional supplements in Norwegian elite athletes – impact of international 
ranking and advisors. Scand J Med Sci Sport 2003, 13:138-244) (Palmer ME, Haller C, 
McKinney PE, Klein-Scwartz W, Tschirgi A, Smolinske SC, Woolf A, Sprague BM, Ko 
R, Everson G, Nelson LS, Dodd-Butera T, Bartlett WD, Landzberg BR: Adverse events 
associated with dietary supplements: an observational study. Lancet 2003, 361:101-106) 
 
 
More than 3 million people in the US alone use, or have used, ergogenic 
supplements, notably even among 14-year olds (Tekin KA, Kravitz L: The growing trend 
of ergogenic drugs and supplements. ACSM'S Health & Fitness Journal 2004, 8;15-18). 



Supplement use in the UK is reportedly less (42% for the UK versus 58% for the US in 
2004) (Target Group Index (TGI). http://www.tgisurveys.com).  
 
Supplement purchase patterns among women in the US were investigated in a small 
sample (n = 51) which revealed that less than 20% of users made purchase decisions 
based on product information. Notably, 31% of respondents cited convenience shopping 
where availability, price and quantity were primarily listed among the deciding factors 
(Miller CK, Russell T, Kissling G: Decision-making patterns for dietary supplement 
purchases among women aged 25 to 45 years. J Am Diet Assoc 2003, 103:1523-1526). 
 
Studies such as the following may help in my evaluation of vitamin use 
and impressions in nursing students:  (Sobal J, Marquart LE: Vitamin/mineral 
supplements use among athletes: A review of the literature. Int J Sports Nutr 1994, 
4:320-334) (Jonnalagadda SS, Rosenbloom CA, Skinner R: Dietary practices, attitudes 
and physiological status of collegiate freshman football players. J Strength Cond Res 
2001, 15:507-513) (Massad SJ, Shier NW, Koceja DM, Ellis NT: High school athletes 
and supplements: A study of knowledge and use. Int J Sport Nutr 1995, 5:232-245) 
(Maugham RJ, King DS, Lea T: Dietary supplements. J Sports Sci 2004, 22:95-113) 
(Smith Rockwell M, Nickols-Richardson SM, Thye FW: Nutrition knowledge, opinions, 
and practices of coaches and athletic trainers at a Division I university. 
Int J Sport Nutr Exerc Met 2001, 11:174-185) 
 
(Wroblewski K: [Can the administration of large doses of vitamin C have a harmful 
effect?] Pol Merkuriusz Lek 2005, 19:600-603. Polish) 

1.4.6.2  Herb-Drug Interactions  

Herb-Drug Interactions: What We Need to Know.   The increased use of herbal and 
phytomedicines by both health professionals and consumers has raised questions about 
herb-supplement and herb-drug interactions because herbs are making a resurgence in the 
U.S. market. Kaufman et al. (Kaufman DW, Kelly JP, Rosenberg L, Anderson TE, 
Mitchell AA. Recent patterns of medication use in the ambulatory adult population of the 
United States the Slone survey. JAMA 2002;287:337-344) described the patterns of 
prescription and nonprescription drugs in the U.S. population, noting that:  

• 14% of the population took supplements and herbals over the prior week  
• 16% of prescription drug users also took herbs or supplements  
• 40% of the population used one or more mineral or vitamin supplements  

In 1997, an estimated 15 million adults took prescription medications along with herbal 
remedies and/or high dose vitamins (Eisenberg DM, Davis RB, Ettner SL, et al. Trends in 
alternative medicine use in the United States, 1990–1997results of a follow-up national 
survey. JAMA 1998;280:1569-1575). 

1.4.7.0   Broccoli compound increases EMODs, boosts immunity and fights cancer 
 



A compound found in broccoli and related vegetables may have more health-boosting 
tricks up its sleeves, according to a new study (8/24/07) led by researchers at the 
University of California, Berkeley.  
 
Veggie fans can already point to some cancer-fighting properties of 3,3'-
diindolylmethane (DIM), a chemical produced from the compound indole-3-carbinol 
when Brassica vegetables such as broccoli, cabbage and kale are chewed and digested. 
Animal studies have shown that DIM, which increases EMODs, can actually stop 
the growth of certain cancer cells.  
 
This new study in mice, published online in the Journal of Nutritional Biochemistry, 
shows that DIM may help boost the immune system as well. "We provide clear 
evidence that DIM is effective in augmenting the immune response for the mice in 
the study, and we know that the immune system is important in defending the body 
against infections of many kinds and cancer," said Leonard Bjeldanes, UC Berkeley 
professor of toxicology and principal investigator of the study. "This finding bodes well 
for DIM as a protective agent against major human maladies."  
 
Previous studies led by Bjeldanes and Gary Firestone, UC Berkeley professor of 
molecular and cell biology, have shown that DIM halts the division of breast cancer cells 
and inhibits testosterone, the male hormone needed for growth of prostate cancer cells.  
 
In the new study, the researchers found increased blood levels of cytokines, proteins 
which help regulate the cells of the immune system, in mice that had been fed solutions 
containing doses of DIM at a concentration of 30 milligrams per kilogram. Specifically, 
DIM led to a jump in levels of four types of cytokines: interleukin 6, granulocyte colony-
stimulating factor, interleukin 12 and interferon-gamma.  
 
In cell cultures, the researchers also found that, compared with a control sample, a 10 
micromolar dose of DIM doubled the number of white blood cells, or lymphocytes, 
which help the body fight infections by killing or engulfing pathogens. (A large 
plateful of broccoli can yield a 5-10 micromolar dose of DIM.)  
 
When DIM was combined with other agents known to induce the proliferation of 
lymphocytes, the effects were even greater than any one agent acting alone, with a three- 
to sixfold increase in the number of white blood cells in the culture.  
 
"It is well-known that the immune system can seek out and destroy tumor cells, and even 
prevent tumor growth," said Xue. "An important type of T cell, called a T killer cell, can 
directly kill certain tumor cells, virally infected cells and sometimes parasites. This 
study provides strong evidence that could help explain how DIM blocks tumor growth in 
animals."  
 
DIM was also able to induce higher levels of reactive oxygen species 
EMODs (ROS), substances which must be released by macrophages in 
order to kill some types of bacteria as well as tumor cells. The induction of 



ROS - three times that of a control culture - after DIM was added to the cell culture 
signaled the activation of macrophages, the researchers said.  
 
"The effects of DIM were transient, with cytokine and lymphocyte levels going up and 
then down, which is what you'd expect with an immune response," said Bjeldanes. 
"Interestingly, to obtain the effects on the immune response, DIM must be given orally, 
not injected. It could be that the metabolism of the compound changes when it is injected 
instead of eaten."  
 
To examine the anti-viral properties of DIM, the researchers infected mice with 
reoviruses, which live in the intestines but are not life-threatening. Mice that had been 
given oral doses of DIM were significantly more efficient in clearing the virus from 
their gut - as measured by the level of viruses excreted in their feces - than mice that 
had not been fed DIM.  
 
"This means that DIM is augmenting the body's ability to defend itself by inhibiting the 
proliferation of the virus," said Bjeldanes. The discovery of DIM's effects on the immune 
system helps bolster its reputation as a formidable cancer-fighter, the researchers said. 
"This study shows that there is a whole new universe of cancer regulation related to 
DIM," said Firestone, who also co-authored the new study. "There are virtually no other 
agents known that can both directly shut down the growth of cancer cells and enhance the 
function of the immune system at the same time."  (James Pestka and Maoxiang Li, 
Article URL: http://www.medicalnewstoday.com/articles/80274.php).  I believe that my 
singlet oxygen generating system can increase immunity, kill viruses and cancer 
cells more directly than DIM.  Importantly, the authors admit that the immune 
system requires EMODs for protection. 
 
"The close relation between oxidative stress and the immune system implies that the 
balance between oxidants and antioxidants in immune cells is critical, because they 
need to produce reactive oxygen species (ROS) to carry out their functions." 
 
1.4.7.1  Broccoli fights cancer with EMOD generating sulphoraphane 

Just a few more portions of broccoli each week may protect men from prostate cancer, 
British researchers reported on 7/1/08.  The researchers believe a chemical in the food 
sparks hundreds of genetic changes, activating some genes that fight cancer and 
switching off others that fuel tumors, said Richard Mithen, a biologist at Britain's 
Institute of Food Research.  Gene regulation is the job of EMODs. 

There is plenty of evidence linking a healthy diet rich in fruits and vegetables to reduced 
cancer risk. But the study published in the Public Library of Science journal PLoS One is 
the first human trial investigating the potential biological mechanism at work, Mithen 
added in a telephone interview.  "Everybody says eat your vegetables but nobody can 
tell us why," said Mithen, who led the study. "Our study shows why vegetables are 
good."  I believe that I can tell them why. 

http://www.medicalnewstoday.com/articles/80274.php


Prostate is the second-leading cancer killer of men after lung cancer. Each year, some 
680,000 men worldwide are diagnosed with the disease and about 220,000 will die from 
it. 

Mithen and colleagues split into two groups 24 men with pre-cancerous lesions that 
increase prostate cancer risk and had them eat four extra servings of either broccoli or 
peas each week for a year.  The researchers also took tissue samples over the course of 
the study and found that men who ate broccoli showed hundreds of changes in genes 
known to play a role in fighting cancer.  I believe that this is due to redox gene 
regulation. 

The benefit would likely be the same in other cruciferous vegetables that contain a 
compound called isothiocyanate, including brussel sprouts, cauliflower, cabbage, rocket 
or arugula, watercress and horse radish, they added.  Broccoli, however, has a particularly 
powerful type of the compound called sulforaphane, which the researchers think gives 
the green vegetable an extra cancer-fighting kick. 

"When people get cancer some genes are switched off and some are switched on," he 
said. "What broccoli seems to be doing is switching on genes which prevent cancer 
developing and switching off other ones that help it spread." 

The broccoli eaters showed about 400 to 500 of the positive genetic changes with men 
carrying a gene called GSTM1 enjoying the most benefit. About half the population have 
the gene, Mithen said.  The researchers did not track the men long enough to see who got 
cancer but said the findings bolster the idea that just a few more vegetable portions each 
week can make a big difference. 

1.4.7.2  Broccoli may outperform sunblock 
 
Rick Weiss reported that New research suggests broccoli, the vegetable that the former 
president famously demonized as inedible, can prevent the damage from ultraviolet light 
that often leads to skin cancer. In tests on people and hairless mice, a green smear of 
broccoli-sprout extract blocked the potentially cancer-causing damage usually inflicted 
by sunlight and showed potential advantages over sunscreens. 
 
Among other issues to be worked out is how best to remove the extract's green pigments, 
which do not contribute to its protective effects and would give users a temporary 
Martian complexion.  But scientists said the research represents a significant advance 
because the extract works not by screening out the sun's rays — which has the downside 
of blocking sun-induced vitamin D production — but by turning on the body's natural 
cancer-fighting machinery. Once stimulated, those mechanisms work for days, long after 
the extract is washed away. 

"Ultraviolet radiation is probably the most universal and abundant carcinogen in 
the world," said Paul Talalay, of the Johns Hopkins School of Medicine in Baltimore. 
Talalay led the research, published in the online edition of the Proceedings of the 
National Academy of Sciences. And although the study stops short of proving that 



broccoli extracts can prevent human skin cancer, he said, it demonstrates "direct 
protection" against that carcinogen, which contributes to the 1 million U.S. skin-cancer 
cases seen annually. 

"It's very important work," said Michael Sporn, a professor of pharmacology at 
Dartmouth Medical School, who for nearly two decades headed the National Cancer 
Institute's program on cancer prevention by means of natural products. 

"The use of dietary substances, like the antioxidant vitamins C and E, 
has been pretty much a colossal failure for protection against almost 
any kind of human disease," Sporn said, "because when you eat them they don't go 
where you want them to ... and as soon as your body uses them up, they're gone."  By 
contrast, he said, boosting production of the body's own cancer-fighting mechanisms "is a 
new and promising approach.” 

EMODS KILL PARASITES 
 

1.4.8.0  Schistosoma mansoni eggs inactivated by EMODs 

Schistosomiasis—infection with helminth parasites in the genus Schistosoma, including 
S. mansoni—is a widespread, devastating tropical disease affecting more than 200 
million people. No vaccine is available, and praziquantel, the only drug extensively 
utilized, is currently administered more than 100 million people yearly. Because 
praziquantel resistance may develop it is essential to identify novel drug targets. 

Schistosoma is a disease which is associated with increased risk of developing cancer and 
HIV/AIDS. I believe that this is related to an overall reduction of EMOD levels in the 
body, thus creating conditions which “allow” the manifestation of cancer or susceptiblilty 
to AIDS.  This is a major part of the clustering of diseases that we see with an EMOD 
insufficiency. 

The objectives of this study were to describe the ultrastructure of granulocyte-
Schistosoma mansoni egg interaction and to determine the role of reduced oxygen 
products as effectors of cell-mediated damage to the parasite target. Granulocytes 
attached to the parasites and closely applied their plasma membranes to the microspicules 
of the egg shell 30 min after mixing in the presence of immune serum. By 4 h, the egg 
shell was fractured and granulocyte pseudopodia extended toward the underlying 
miracidium. Granulocyte attachment to eggs resulted in release of O2- (0.30-0.52 
nmol/min per 2 X 10(6) cells) and accumulation of H2O2 (0.14-0.15 nmol/min) in the 
presence of antibody or complement. Granulocytes reduced egg tricarboxylic-acid cycle 
activity and hatching by 28.3 +/- 0.9 and 35.2 +/- 2.8%, respectively (cell-egg ratio of 
1,000: 1). Exogenous superoxide dismutase (10 micrograms/ml) inhibited granulocyte 
toxicity for egg metabolic activity (3.0 +/- 2.1% reduction in acetate metabolism vs. 28.3 
+/- 0.9% decrease in controls without superoxide dismutase, P less than 0.0005) and 
hatching (12.5 +/- 1.8% reduction, P less than 0.0005), whereas catalase and heparin had 
no effect. Inhibitors of myeloperoxidase (1 mM azide, cyanide, and methimazole) 



augmented granulocyte-mediated toxicity of egg tricarboxylic-acid cycle activity (44-
58% reduction in activity vs. 31 and 35% reduction in controls), suggesting that H2O2 
released from cells was degraded before reaching the target miracidium. Oxidants 
generated by acetaldehyde (2 mM)-xanthine oxidase (10 mU/ml) also decreased egg 
metabolic activity and hatching by 62.0 +/- 9.0 and 38.7 +/- 7.3%, respectively. Egg 
damage by the cell-free system was partially prevented by superoxide dismutase (26.5 +/- 
4.2% reduction in egg tricarboxylic-acid activity) and completely blocked by catalase 
(0% reduction in activity). These data suggest that granulocyte-mediated toxicity 
for S. mansoni eggs is dependent on release of O2- or related molecules. 
These oxygen products, unlike H2O2, may readily reach the target miracidium where they 
may be converted to H2O2 or other microbicidal effector molecules (Role of granulocyte 
oxygen products in damage of Schistosoma mansoni eggs in vitro.  J W Kazura, P de 
Brito, J Rabbege, and M Aikawa. J Clin Invest. 1985 April; 75(4): 1297–1307). 

Also, blocking antioxidant enzymes has proven to be of therapeutic benefit in the kill of 
the parasite. 

1.4.8.1  Parasitic worms may help fuel AIDS epidemic 

People infected with parasitic worms may be much more susceptible to the AIDS 
virus, according to a study published on Tuesday that may help explain why HIV has hit 
sub-Saharan Africa particularly hard.  I believe that this is due to an EMOD 
insufficiency, which allows for both a parasitic infection and an increased 
susceptibility to AIDS.   

The study involving monkeys demonstrated how a type of parasitic worm that causes 
schistosomiasis, which affects 200 million people globally, may make HIV infection 
more likely.  Much lower amounts of the AIDS virus -- 17 times lower -- were needed 
to cause infection in monkeys who had the parasitic worms than in the parasite-free 
monkeys.  "The presence of the worm is like adding fuel to the fire -- it creates more 
fertile ground for the virus to take hold," Dr. Ruth Ruprecht of Harvard Medical School, 
one of the researchers, said in a telephone interview.  I believe that the “fertile ground” 
is ground which has an EMOD insufficiency to kill both the parasite and the virus. 

Evan Secor of the U.S. Centers for Disease Control and Prevention, another of the 
researchers, said the findings likely apply to people as well. This may confirm suspicions 
that parasitic worm infections like those common in parts of sub-Saharan Africa with 
unsanitary water supplies make people more vulnerable to HIV, Secor said. 

"Sub-Saharan Africa has only like 10 percent of the world's population 
but almost two-thirds of the world's HIV/AIDS," Secor said in a telephone 
interview.  "So there's an apparent disproportionate amount of HIV/AIDS there, and it's 
very severe. So the hypothesis is that one of the things that may contribute to the more 
intense nature of HIV/AIDS in sub-Saharan Africa is the presence of these parasitic 
worms," Secor added. 



Schistosomiasis, seen primarily in developing countries, is caused by tiny flatworms 
that live in snail-infested freshwater like rivers and lakes.  When people wade, swim 
or bathe in contaminated water, worms bore through the skin and travel in the blood, 
causing anemia, diarrhea, internal bleeding, organ damage and death. 

Secor said the parasitic worm infection may undercut the immune system's ability to fight 
off HIV infection and may make it easier for HIV to get into white blood cells.  I believe 
that it does this in conjunction with an EMOD insufficiency. 

HIV MORE LIKELY TO SPREAD 

The researchers conducted experiments with rhesus monkeys, some of which had an 
acute infection with the Schistosoma mansoni parasitic worm and some of which were 
parasite-free, normal and healthy.  They then exposed the monkeys to a hybrid AIDS 
virus -- a genetically engineered version that combined elements of the monkey AIDS 
virus and the human immunodeficiency virus that causes AIDS in people. 

Ruprecht said having parasitic worms not only made a monkey more susceptible to AIDS 
virus infection, but once infected they had far higher concentrations of the virus in their 
bloodstream, meaning they became more likely to infect others. 

"If the virus is extremely high in the blood, then the chances are that the virus is also 
going to be high in the genital fluids. And therefore such a host would be more likely to 
be spreading the infection to others," Ruprecht said. 

Ruprecht said the findings emphasized the need for public health measures to control 
parasitic worm infections in regions where HIV infection is common. A drug called 
praziquantel is available to treat schistosomiasis.  The study, published in the Public 
Library of Science journal PLoS Neglected Tropical Diseases, can be read at 
http://www.plosntds.org/doi/pntd.0000265. 

1.4.8.2  EMOD production in mouse liver in response to infection with Schistosoma 
mansoni 

The tropical parasite S. mansoni induces granulomatous inflammation in the liver, 
following the lodging of eggs in this organ. In vitro studies suggested that the host's 
response might involve the production of oxygen radicals. Methods: In an attempt to 
investigate the situation at the site of inflammation, under disease conditions, livers of 
infected mice were treated with dichlorodihydrofluorescein diacetate which fluoresces 
after oxidation. Results. Fluorescence of the oxidized tracer revealed that oxygen radicals 
were produced by granulomatous inflammatory cells. The phenomenon reached its 
highest intensity close to the eggs. The membranes of the cells were strongly labelled, 
probably reflecting membrane-associated NADPH oxidase activity. The cytoplasm of 
hepatocytes was also fluorescent but with lower intensity; hepatocyte membranes or 
nuclei were not labelled. Fluorescence was reduced drastically by treatment with 
catalase and antioxidants, indicating the occurrence of H2O2. Treatment with 
superoxide dismutase had no effect. Neither the livers of uninfected animals nor those of 

http://www.plosntds.org/doi/pntd.0000265


infected animals before parasite egg deposition were labelled. Eosinophil peroxidase 
activity was released in the areas of inflammatory cells, but was not found in hepatocytes. 
Conclusions: The H2O2/peroxidase system, which is the cornerstone of the 
antimicrobial defense associated with inflammation, is activated in close 
contact with parasite eggs. The process does contribute to egg killing in vivo. 
Moreover, hepatocytes undergo oxidative stress in the entire organ. This finding is in 
agreement with the parasite-induced decrease of liver antioxidant defenses demonstrated 
previously  (Visualization of oxygen radical production in mouse liver in response to 
infection with Schistosoma mansoni. Abdallahi O. M. S. et al. Liver. 
1999, vol. 19, no6, pp. 495-500). 

Schistosoma mansoni, an intravascular parasite, lives in a hostile environment in close 
contact with host humoral and cellular cytotoxic factors. To establish itself in the host, 
the schistosome has evolved a number of immune evasion mechanisms. Philip LoVerde 
discussed evidence suggesting that antioxidant enzymes provide one such mechanism 
to avoid immune destruction used by adult schistosomes. Antioxidant enzymes may 
thus represent a target for immune elimination of adult worms. 

1.4.8.3   Sativa seeds decrease antioxidant enzymes and increase parasite kill by 
EMODs 
 
1.4.8.4  History 
 
Nigella sativa seed is variously called Black cumin, fennel flower, nutmeg flower, 
Roman coriander, blackseed, black caraway, or black onion seed. Other names used, 
sometimes misleadingly, are onion seed and black sesame, both of which are similar-
looking but unrelated. The seeds are frequently referred to as black cumin.  Nigella 
sativa has a pungent bitter taste and a faint smell of strawberries. It is used primarily in 
candies and liquors. The variety of naan bread called Peshawari naan is as a rule topped 
with kalonji seeds. In herbal medicine, Nigella sativa has hypertensive, carminative, and 
anthelminthic properties. They are eaten by elephants to aid digestion. 

Nigella sativa has been used for medicinal purposes for centuries, both as a herb and 
pressed into oil, in Asia, Middle East, and Africa. It has been traditionally used for a 
variety of conditions and treatments related to respiratory health, stomach and intestinal 
health, kidney and liver function, circulatory and immune system support, and for general 
well-being. 

In Islam, it is regarded as one of the greatest forms of healing medicine available. Prophet 
Muhammad once stated that the black seed can heal every disease—except death—as 
recounted in the following hadith: 

“ Narrated Khalid bin Sa'd:We went out and Ghalib bin Abjar was 
accompanying us. He fell ill on the way and when we arrived at Medina he 
was still sick Ibn Abi 'Atiq came to visit him and said to us "Treat him with ”
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black cumin. Take five or seven seeds and crush them (mix the powder with 
oil) and drop the resulting mixture into both nostrils, for 'Aisha has narrated 
to me that she heard the Prophet saying, 'This black cumin is healing for all 
diseases except As-Sam.' 'Aisha said, 'What is As-Sam?' He said, 'Death.' " 
(Bukhari) 

Ibn Sina, most famous for his volumes called The Canon of Medicine, refers to nigella as 
the seed that stimulates the body's energy and helps recovery from fatigue and 
dispiritedness. It is also included in the list of natural drugs of 'Tibb-e-Nabavi', or 
"Medicine of the Prophet (Muhammad)", according to the tradition "hold onto the use of 
the black seeds for in it is healing for all diseases except death" (Sahih Bukhari vol. 7 
book 71 # 592). 

In the Unani Tibb system of medicine, N. sativa is regarded as a valuable remedy for a 
number of diseases. 

The seeds have been traditionally used in the Middle East and Southeast Asian countries 
to treat ailments including asthma, bronchitis, rheumatism and related inflammatory 
diseases, to increase milk production in nursing mothers, to promote digestion and to 
fight parasitic infections. Its oil has been used to treat skin conditions such as eczema and 
boils and to treat cold symptoms. Its many uses have earned nigella the Arabic 
approbation 'Habbatul barakah', meaning the seed of blessing. (history obtained from 
Wikipedia). 

Black cumin oil contains nigellone, which protects guinea pigs from histamine-induced 
bronchial spasms (perhaps explaining its use to relieve the symptoms of asthma, 
bronchitis, and coughing).  The presence of an anti-tumor sterol, beta sitosterol, lends 
credence to its traditional use to treat abscesses and tumors of the 
abdomen, eyes, and liver. 

1.4.8.5  As an anti-parasitic 

Anticestodal effect of N. sativa seeds was studied in children naturally infected with the 
respective worm. A single oral administration of 40 mg/kg of N. sativa seeds and 
equivalent amount of its ethanolic extract were effective in reducing the egg count in the 
faeces, with a comparable effect to niclosamide. The crude extracts also did not 
produce any adverse side effects from all the doses tested (Akhtar, M.S. & 
Rifaat, S. 1991. Field trial of Saussurea lappa roots against nematodes and Nigella sativa seeds 
against cestodes in children. Journal of the Pakistan Medical Association 41: 185–187).  I 
believe that this indicates the low toxicity and safety of increasing EMOD levels with 
the sativa seeds.  

In 1998, Korshom et al. investigated the anti-trematodal activity of N.sativa seeds against 
a ruminant fluke (Paramphistomum) in sheep.[5] The methanol extract (1 ml/kg) and 
powder (200 mg/kg) showed high efficacy, comparable to Hapadex (netobimin, 20 
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mg/kg). (NOTE: methanol is transformed in the body to formaldehyde, and such raw 
extracts would not be used in a formulated product.) 

In 2005, Azza et al. studied the anti-schistosomicidal properties of aqueous extract of N. 
sativa seeds against Schistosoma mansoni miracidia, cercariae, and the adult worms in 
vitro. It showed strong biocidal effects against all stages of the parasite and also inhibited 
egg-laying of adult female worms. [6] 

In 2007, Abdulelah and Zainal-Abidin investigated the anti-malarial activities of different 
extracts of N.sativa seeds against P. berghei. Results indicated strong biocidal effects 
against the parasite . 

1.4.8.6  Thymoquinone 

Researchers at the Kimmel Cancer at Jefferson in Philadelphia have found that 
thymoquinone, an extract of nigella sativa seed oil, blocked pancreatic 
cancer cell growth and killed the cells by enhancing the process of 
programmed cell death, (apoptosis). I believe that this is EMOD-induced 
apoptosis.  While the studies are in the early stages, the findings suggest that 
thymoquinone could eventually have some use as a preventative strategy in patients who 
have gone through surgery and chemotherapy or in individuals who are at a high risk of 
developing cancer.  This work is highly supportive of my Unified theory, involving 
prooxidant protection. 

The schistosomicidal properties of Nigella sativa seeds were tested in vitro against 
Schistosoma mansoni mira-cidia, cercariae, and adult worms. Results indicate its strong 
biocidal effects against all stages of the parasite and also showed an inhibitory effect 
on egg-laying of adult female worms. In the present work we also studied the effects of 
crushed seeds on some antioxidant enzymes; which have a role in protection of adult 
worms against host oxidant killing; as well as some enzymes of glucose metabolism; 
which have a crucial role in the survival of adult worms inside their hosts. The data 
revealed that the used drug induce an oxidative stress against adult worms which 
indicated by a decrease in the activities of both antioxidant enzymes, superoxide 
dismutase, glutathione peroxidase, and glutathione reductase and enzymes of glucose 
metabolism, hexokinase and glucose-6-phosphate dehydroge-nase. Disturbing of such 
enzymes of adult worms using N. sativa seeds could in turn render the parasite vulnerable 
to damage by the host and may play a role in the antischistosomal potency of the used 
drug (Sativa seeds against Schistosoma mansoni different stages. Azza M Mohamed, 
Nadia M Metwally, Sohair S Mahmoud. Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 
100(2): 205-211, April 2005). In other words, increasing EMOD generation could aid 
in the killing and elimination of the parasite.  I believe that the ingestion of the 
Nigella sative seeds could be an adjunct to increase the oxidative capacity of the 
body and to help fight all types of disease, which are included in the clustering I 
have discussed.  This also indicates that increasing oxidative capacity could aid in 
the treatment of schistosomiasis. 
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1.4.8.7  Parasite develops antioxidant enzyme defense against EMOD kill 
 
To defend themselves against oxygen-mediated killing mechanisms of 
host, parasites have developed antioxidant enzyme systems.  S. mansoni 
superoxide dismutase, SOD, glutathione peroxidase, GPX, glutathione reductase, 
GR, and glutathione-s-transferase, GST, are major antioxidant enzymes that are 
involved in detoxification processes (Callahan HL, Crouch RK, James ER 1988. 
Helminth antioxidant enzymes: A protective mechanism against host oxidants? Parasitol 
Today 4: 218-225) (Mkoji GM, Smith JM, Prichard RK 1988a. Antioxidant systems in 
Schistosoma mansoni. Correlation between susceptibility to oxidant killing and the levels 
of scavengers of hydrogen peroxide and oxygen free radicals. Int J Parasitol. 18: 661-
666) (Mkoji GM, Smith JM, Prichard RK 1988b. Antioxidant systems in Schistosoma 
mansoni: Evidence for their role in protection of the adult worms against oxidant killing. 
Int J Parasitol 18: 667-673)  (Nare B, Smith JM, Prichard RK 1990. Schistosoma 
mansoni: levels of antioxidants and resistance to oxidants increase during development. 
Exp Parasitol 70: 389-397) (O’Leary KA, Tracy JW 1991. Schistosoma mansoni: 
glutathione S-transferase-catalyzed detoxication of dichlorvos. Exp Parasitol 72: 355-
361) (O’Leary KA, Hathaway KM, Tracy JW 1992. Schistosoma mansoni: Single-step 
purification and characterization of gutathione 5-transferase isoenzyme 4. Exp Parasitol 
75:47-55) (James ER 1994. Superoxide dismutase. Parasitol Today 10:481-484) (Mei H, 
LoVerde PT 1995. Schistosoma mansoni: cloning the gene encoding glutathione 
peroxidase. Exp Parasitol 80:319-322). 
 
 

These schistosome oxidant-detoxicating systems play a role in protecting 
the parasite from damage as a result of ROS (EMODs) (Callahan HL, 
Crouch RK, James ER 1988. Helminth antioxidant enzymes: A protective mechanism 
against host oxidants? Parasitol Today 4: 218-225) (Brophy PM, Prichard DI 1992. 
Immunity to helminthes: Ready to tip the biochemical balance? Parasitol Today 8: 419-
422) (James ER 1994. Superoxide dismutase. Parasitol Today 10:481-484).  I believe 
that this is an incredible example of nature assisting the survival of a parasite by the 
development of an antioxidant system to perpetuate its survival and help protect it 
against an EMOD-induced death. 
 
1.4.9.0   Hyperbaric oxygen treatment may not increase lipid peroxidation 
 
Some evidence exists that indicating that HBOT may actually decrease lipid peroxidation 
in cell membranes (Thom SR. “ Molecular mechanism for antagonism of lipid 
peroxidation in the rat. Undersea Biomed Res (suppl) 1990:17; 53-54) (Grim PS, Nahum 
A, Gottlieb L, et. al. “ Lack of measurable oxidative stress during HBO therapy in burn 
patients”. Undersea Biomed Res. 1989;16(Suppl.):22(Abstract). 
 
1.4.9.1  Doubts that hydrogen peroxide damages DNA 
 
The role of oxidants in the mechanism of tumor promotion by peroxisome proliferators 
remains controversial. The idea that induction of acyl-coenzyme A oxidase leads to 



increased production of H2O2, which damages DNA, seems unlikely (Phthalates 
Rapidly Increase Production of Reactive Oxygen Species in Vivo: Role of Kupffer Cells. 
Ivan Rusyn et al. Molecular Pharmacology. Vol. 59, Issue 4, 744-750, April 2001). 
 
 
 
 
 
HYDROGEN PEROXIDE 
 
 
 
 
 
 
 
 
 

Hostility reigns in the observable universe. 
Climaxing in an annihilation crescendo,  

matter and anti-matter are driven to mutual destruction,  
only to be born again. 

On our planet, layer upon species-layer of biota 
acts out the play entitled, “Eat or be eaten.” 
Deep within our biological quantum cosmos, 

the program is re-titled, “Oxidize or be oxidized.” 
Kidnap an electron  

and a proton will follow or vice versa,  
but keep the flow moving, for it is this movement  

which engenders the life force and  
begets Change,  

and thusly coaxes along her ugly twin sister, Aging. 
So,…… 

 deal with it, Dahlin’. 
R. M. Howes, M.D., Ph.D. 

10/1/06 
 
 
 
 
1.4.9.2  Hydrogen peroxide keeps cells healthy 



Jan. 3, 2008 (UPI) -- U.S. scientists say they've figured out how the human body 
produces hydrogen peroxide to keep cells healthy.  The report by a team of researchers 
at Wake Forest University School of Medicine, published in the journal Nature, said 
large amounts of hydrogen peroxide are produced when the immune 
system is activated in response to bacteria.  The team used X-ray 
crystallography to create a three-dimensional snapshot of how the proteins interact. 

Scientists said a molecule known as peroxiredoxin (Prx) helps control levels of hydrogen 
peroxide. If levels of hydrogen peroxide become too high, the cell's DNA and other 
proteins can be damaged.  "It basically acts as a sensor and warns the cell that levels are 
too high and that the cell needs to respond," lead author Thomas J. Jonsson said in a news 
release. "Once that threat is gone, Prx needs to go back to its normal state." 

Prx becomes active again by binding with a protein known as sulfiredoxin, the report 
said. 

 

 

1.4.9.3  Hydrogen peroxide production by red cells and steady state levels 

Red blood cells are frequently employed in studies of oxidative stress. Technical 
difficulties have previously prevented the measurement of H2O2 production by red blood 
cells, except during exposure to certain drugs or toxicants. They now show that a 
combination of glutathione depletion and 3-amino-1,2,4-triazole (aminotriazole) 
treatment can be used to measure the endogenous generation of H2O2 by red blood cells. 
In their studies, aminotriazole was used as an H2O2 dependent (irreversible) catalase 
inhibitor, and catalase inhibition was used as an indirect measure of H2O2 production. 
Their results indicate that H2O2 is generated at a rate of 1.36 +/- 0.2 
microM/h (3.9 +/- 0.6 nmol.h-1.g Hb-1), and that the steady-state red 
blood cell concentration of H2O2 is approximately 2 x 10(-10) M. Kinetic 
comparisons of H2O2 production and oxyhemoglobin autooxidation (which generates 
O2.- that dismutases to H2O2 indicate that the latter is probably the main source of H2O2 
in red blood cells (Hydrogen peroxide production by red blood cells. C Giulivi, P 
Hochstein, KJ Davies. Free Radic Biol Med (1994) 16: 123-9).  I find it incredible that 
red cells have steady state levels of peroxide and yet, it is accused of being 
significantly harmful to these same cells.   I believe that this shows that peroxide is 
of low toxicity, if at all and in fact, it seems that it is a necessary product for the red 
cell, hence, it is produced in steady state levels. 

1.4.9.4  Hydrogen peroxide stimulates bone marrow stem cells 
 
Therapeutic angiogenesis can be induced by the implantation of bone marrow cells 
(BMCs). Hydrogen peroxide (H2O2) has been shown to increase VEGF expression 
and to be involved in angiogenesis.  They tested the hypothesis that pretreatment with 

http://www.freeradicalscience.com/showcitationlist.php?surname=Giulivi&initials=C
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H2O2 enhances the efficacy of BMCs for neovascularization. H2O2 pretreatment was 
done by incubating mouse BMCs in 5 µM H2O2 for 30 min, followed by washing 
twice with PBS. The H2O2-pretreated and untreated BMCs were then studied in vitro and 
in vivo. RT-PCR analysis showed that expression of VEGF and Flk-1 mRNA was 
significantly higher in H2O2-pretreated BMCs than in untreated BMCs after 12 and 24 
h of culture (P < 0.01). Pretreatment with H2O2

 also effectively enhanced the VEGF 
production and endothelial differentiation from BMCs after 1 and 7 days of culture 
(P < 0.05). To estimate the angiogenic potency in vivo, H2O2-pretreated or untreated 
BMCs were intramuscularly implanted into the ischemic hindlimbs of mice. After 14 
days of treatment, many of the H2O2-pretreated BMCs were viable, showed 
endothelial differentiation, and were incorporated in microvessels. Conversely, the 
survival and incorporation of the untreated BMCs were relatively poor. Microvessel 
density and blood flow in the ischemic hindlimbs were significantly greater in the mice 
implanted with H2O2-pretreated BMCs than in those implanted with untreated BMCs (P < 
0.05). These results show that the short-term pretreatment of BMCs with low-dose 

H2O2 is a novel, simple, and feasible method of enhancing their angiogenic potency 
(Short-term pretreatment with low-dose hydrogen peroxide enhances the efficacy of bone 
marrow cells for therapeutic angiogenesis. Masayuki Kubo et al. Am J Physiol Heart Circ 
Physiol 292: H2582-H2588, 2007. First published February 2, 2007).  I believe that this 
illustrates the potential signaling importance of hydrogen peroxide. 
1.4.9.5  Microglia proliferation is regulated by hydrogen peroxide 
 
Microglia are resident brain macrophages that become activated and proliferate 
following brain damage or stimulation by immune mediators, such as IL-1beta or TNF-
alpha. They investigated the mechanisms by which microglial proliferation is regulated in 
primary cultures of rat glia. We found that basal proliferation of microglia was 
stimulated by proinflammatory cytokines IL-1beta or TNF-alpha, and this 
proliferation was completely inhibited by catalase, implicating hydrogen peroxide as 
a mediator of proliferation. In addition, inhibitors of NADPH oxidase (diphenylene 
iodonium or apocynin) also prevented microglia proliferation, suggesting that this may be 
the source of hydrogen peroxide. IL-1beta and TNF-alpha rapidly stimulated the rate 
of hydrogen peroxide produced by isolated microglia, and this was inhibited by 
diphenylene iodonium, implying that the cytokines were acting directly on microglia to 
stimulate the NADPH oxidase. Low concentrations of PMA or arachidonic acid 
(known activators of NADPH oxidase) or xanthine/xanthine oxidase or glucose 
oxidase (generating hydrogen peroxide) also increased microglia proliferation and 
this was blocked by catalase, showing that NADPH oxidase activation or hydrogen 
peroxide was sufficient to stimulate microglia proliferation. In contrast to microglia, the 
proliferation of astrocytes was unaffected by the presence of catalase. In conclusion, 
these findings indicate that microglial proliferation in response to IL-1beta or TNF-
alpha is mediated by hydrogen peroxide from NADPH oxidase (Microglia 
proliferation is regulated by hydrogen peroxide from NADPH oxidase.  Mander, P.K., 
Jekabsone, A. and Brown G.C., J Immunol, Vol. 176, No. 2. (15 January 2006), pp. 1046-
1052).  I believe that injury stimulates the production of hydrogen peroxide to aid in 
the proliferation of microglia and healing. 
 



1.4.9.6  Hydrogen peroxide causes Ach vasodilation 

Atherosclerosis is a progressive disease characterised by the accumulation of lipids and 
fibrous elements in the large arteries (Ludewig B., Zindernagel R.M. & Hengartner H. 
(2002) Arterial inflammation and atherosclerosis. Trends Cardiovasc. Med. 12: 
154−159). In Westernised societies, it is the underlying cause of about 50% of all 
deaths. 

Endothelium-derived vasoactive factors play an important regulatory role in vascular 
homeostasis and pathogenesis of atherosclerosis. The endothelium synthesises and 
releases several relaxing factors, including nitric oxide (NO), endothelium-derived 
hyperpolarising factor (EDHF) and prostacyclin (PGI2). Endothelium-derived NO not 
only modulates the tone of the underlying vascular smooth muscle, but also inhibits 
several proatherogenic processes, including smooth muscle cell proliferation and 
migration, platelet aggregation, oxidation of low-density lipoproteins (LDL), monocyte 
and platelet adhesion, and synthesis of inflammatory cytokines, thus exhibiting important 
antiatherogenic effects. Chemical inactivation and reduced biosynthesis of NO have been 
described as the key mechanisms responsible for endothelial dysfunction in aortas of 
atherosclerosis-susceptible apo-E-deficient mice. 

Recently, hydrogen peroxide (H2O2) was described as a new endothelium-derived 
relaxant factor in mice and human mesenteric arteries (Matoba T., Shimokawa H., 
Kubota H., Morikawa K., Fujiki T., Kinihiro I., Mukai Y., Hirakawa Y. & Takeshita A. 
(2002) Hydrogen peroxide is an endothelium-derived hyperpolarizing factor in human 
mesenteric arteries. Biochem. Biophys. Res. Commun. 290: 909−913) (Matoba T., 
Shimokawa H., Nakashima M., Hirakava Y., Mukai Y., Hirano K., Kanaide H. & 
Takeshita A. (2000) Hydrogen peroxide is an endothelium-derived hyperpolarizing factor 
in mice. J. Clin. Invest 106: 1521−1530).  

Furthermore, H2O2 has been shown to elicit both hyperpolarisation and vasodilation 
of peripheral as well as cerebral arteries (Beny J.L. & Von Der Weid P.Y. (1991) 
Hydrogen peroxide: an endogenous smooth muscle cell hyperpolarizing factor. Biochem. 
Biophys. Res. Commun. 176: 378−384) (Iida Y. & Katusic Z.S. (2000) Mechanisms of 
cerebral arterial relaxations to hydrogen peroxide. Stroke 31: 2224−2230) and to activate 
Ca2+-activated K+ channels on vascular smooth muscle cells and a nonselective cation 
channel in endothelial cells.  

In mice aorta, based on experiments where N -nitro-L-arginine (L-NNA) inhibited 
approximately 80% of acetylcholine (ACh)-induced relaxation, proposed that NO is the 
major component responsible for relaxation in this vessel. 

Mice homozygous for the inactivated LDL receptor gene (LDLR-/-) provide a model of 
atherosclerosis. These animals develop hypercholesterolaemia characterised by moderate 
levels of LDL and aortic atherosclerosis. Vascular reactivity in this model of 
atherosclerosis is largely unknown. In this work, they describe for the first time the 
mechanism of impaired endothelium-dependent relaxation to ACh in the aorta from 
LDLR-/- mice and a role for endogenous H2O2 in this altered endothelial function. 



The major findings of this work are that H2O2 is an endothelium-derived relaxant factor 
in aortas of mice and that the impairment of its production or decrease in half-life is 
implicated in the endothelium dysfunction found in LDLR-/- mice (Endothelium 
dysfunction in LDL receptor knockout mice: a role for H2O2.  L.A. Rabelo et al. British 
Journal of Pharmacology (2003) 138, 1215–1220). 

The exact mechanism of impaired endothelial H2O2-dependent relaxation is 
unknown. However, as endothelial response to A23187 was also impaired, it is possible 
that there is a decreased production of H2O2 via eNOS. SOD did not modify 
vasorelaxation to ACh in both strains. Therefore, it is possible that an increased 
enzymatic inactivation by catalase is decreasing the availability of H2O2.  

In support of this hypothesis, it has been reported that lipid peroxides induce the 
expression of catalase (Meilhac O., Zhou M., Santanam N. & Parthasarathy S. (2000) 
Lipid peroxides induces expression of catalase in cultured vascular cells. J. Lipid Res. 41: 
1205−1213), suggesting that oxidative stress, as seen in atherosclerosis could induce 
cellular antioxidant protective response. Our results do not permit us to distinguish 
among these possibilities and further investigations are required. However, as we showed 
that aminotriazole was less effective in potentiating relaxation to ACh in LDLR-/- as 
compared to control mice, it is interesting to speculate that an overexpression of catalase 
as proposed by Meilhac et al. (2000) would be involved in the impaired relaxations to 
H2O2 in LDLR-/- mice. 

Altogether, their results strongly suggest that lack of H2O2, an 
endothelium-dependent relaxant factor in the aorta of mice, contributes 
to endothelial dysfunction in a mice model of atherosclerosis. The present 
work may open a new research field in the participation of H2O2 in the pathogenesis and 
pathophysiology of atherosclerosis and other cardiovascular diseases. 

To examine the role of H2O2 as a relaxant factor in the aorta of control mice, they used 
catalase, an enzyme that specifically decomposes H2O2 into oxygen and water. They 
found that catalase markedly inhibited ACh-induced relaxation, suggesting that 
H2O2 importantly contributes to relaxation mediated by ACh. Catalase also 
inhibited endothelium-dependent H2O2-mediated relaxation in human and mice 
mesenteric arteries, as well as relaxation induced by exogenous application of H2O2 
in canine cerebral arteries.  

Inhibition of endogenous catalase by aminotriazole potentiated vasorelaxation to ACh 
reinforcing the hypothesis that endogenous H2O2 is an endothelial vasorelaxant factor in 
the aorta of control mice. Aminotriazole also abolished the inhibitor effect of catalase on 
ACh-induced relaxation. Pretreatment with both L-NNA and catalase abolished 
relaxation to ACh in the aortas of control mice. Together, our results support the idea that 
H2O2 greatly contributes with endothelium-dependent relaxation to ACh in the aorta of 
control mice. As L-NNA strongly inhibited relaxation to ACh, it is likely that endothelial 
NO synthase (eNOS) could be the major source of H2O2 as reported for mice mesenteric 
artery. However, the relaxation resistant to L-NNA found in the present study supports 

http://www.nature.com/bjp/journal/v138/n7/full/0705164a.html


the idea that H2O2 could also be formed by an alternative pathway.  I believe that this 
work substantiates my theory that EMODs are essential for normal cardiovascular 
function and that EMOD deficiency states can lead to CVD in man.  Once again, we 
see that EMODs are of low toxicity and essential for homeostasis.  This is a most 
important consideration for the use of hydrogen peroxide therapy in man.  

1.4.9.7  Hydrogen peroxide regulation of endothelial exocytosis 

Although an excess of reactive oxygen species (ROS) can damage the vasculature, low 
concentrations of ROS mediate intracellular signal transduction pathways. They 
hypothesized that hydrogen peroxide plays a beneficial role in the vasculature by 
inhibiting endothelial exocytosis that would otherwise induce vascular inflammation 
and thrombosis. They showed that endogenous H2O2

 inhibits thrombin-induced 
exocytosis of granules from endothelial cells. H2O2 regulates exocytosis by inhibiting N-
ethylmaleimide sensitive factor (NSF), a protein that regulates membrane fusion events 
necessary for exocytosis. H2O2 decreases the ability of NSF to hydrolyze adenosine 
triphosphate and to disassemble the soluble NSF attachment protein receptor complex. 
Mutation of NSF cysteine residue C264T eliminates the sensitivity of NSF to H2O2, 
suggesting that this cysteine residue is a redox sensor for NSF. Increasing endogenous 
H2O2 levels in mice decreases exocytosis and platelet rolling on venules in vivo. By 
inhibiting endothelial cell exocytosis, endogenous H2O2 may protect the 

vasculature from inflammation and thrombosis (Hydrogen peroxide 
regulation of endothelial exocytosis by inhibition of N-ethylmaleimide sensitive factor. 
K.Matsushita et al. JCB,  July 5, 2005. Volume 170, Number 1, 73-79).  Importantly, 
this again emphasizes the critical role for H2O2 from inflammation and thrombosis. 

1.4.9.8  SOD effects are due to H2O2 production and not to superoxide scavenging 

The mechanism underlying the enhancement by superoxide dismutase (SOD) of 
endothelium-dependent relaxation was investigated in rabbit mesenteric resistance 
arteries.  SOD (200 U ml(-1)) increased the production of H2O2 in smooth 
muscle cells (as indicated by the use of an H2O2-sensitive fluorescent dye).  Neither 
SOD nor catalase (400 U ml(-1)) modified either the resting membrane potential or the 
hyperpolarization induced by acetylcholine (ACh, 1 micro M) in smooth muscle cells. 4 
In arteries constricted with noradrenaline, the endothelium-dependent relaxation induced 
by ACh (0.01-1 micro M) was enhanced by SOD (200 U ml(-1)) (P<0.01). This action of 
SOD was inhibited by L-N(G)-nitroarginine (nitric oxide (NO)-synthase inhibitor) but 
not by either charybdotoxin+apamin (Ca(2+)-activated-K(+)-channel blockers) or 
diclofenac (cyclooxygenase inhibitor).  Neither ascorbate (50 micro M) nor tiron (0.3 
mM), superoxide scavengers, had any effect on the ACh-induced relaxation, but 
each attenuated the enhancing effect of SOD on the ACh-induced relaxation. 
Similarly, catalase (400 U ml(-1)) inhibited the effect of SOD without changing the ACh-
induced relaxation.  In endothelium-denuded strips constricted with noradrenaline, SOD 
enhanced the relaxation induced by the NO donor 1-hydroxy-2-oxo-3-(N-methyl-3-
aminopropyl)-3-methyl-1-triazene (NOC-7) (P<0.05). Ascorbate and catalase each 
attenuated this effect of SOD.  H2O2 (1 micro M) enhanced the relaxation on the 



noradrenaline contraction induced by NOC-7 and that induced by 8-bromo-cGMP, a 
membrane-permeable analogue of guanosine 3',5' cyclic monophosphate (cGMP).  SOD 
had no effect on cGMP production, whether measured in endothelium-intact strips 
following an application of ACh (0.1 micro M) or in endothelium-denuded strips 
following an application of NOC-7 (0.1 micro M).  It is suggested that in rabbit 
mesenteric resistance arteries, SOD increases the ACh-induced, 
endothelium-dependent relaxation by enhancing the action of NO in the 
smooth muscle via its H2O2-producing action (rather than via a 
superoxide-scavenging action) (Involvement of H2O2 in superoxide-dismutase-
induced enhancement of endothelium-dependent relaxation in rabbit mesenteric 
resistance artery. T. Itoh et al. Br J Pharmacol. 2003 May;139(2):444-56).  I have been 
saying for a very long time that the main beneficial effects of SOD is due to the 
increased production of hydrogen peroxide and not from the scavenging of the 
superoxide anion. 

1.5.0.0  Catalase deficient mice develop normally 

If the free radical theory is correct, the removal of catalase should allow for the 
accumulation of harmful H2O2 and dastardly consequences.  It does not.  Studies 
published in 2004 by Y. Ho et al. in the Journal of Biological Chemistry showed that 
homozygous Cat knock-out mice, which are completely deficient in catalase expression, 
develop normally and show no gross abnormalities. 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 (J.B.C. 2004, vol. 279, no31, pp. 32804-32812 ).  
Again, the predictions of the free radical theory fall flat.  

1.5.0.1  Fifty percent reduction in MnSOD is resistant to O2 toxicity 

Recent studies have shown that homozygous Mn superoxide dismutase (Sod2) gene-
knockout mice (Sod2 / ) die shortly after birth with extensive myocardial injury, 
whereas heterozygous mutants (Sod2+/ ) are phenotypically normal in 
room air. In the current study, they showed that Sod2+/  mice with approximately 
50% of normal pulmonary MnSOD activity and normal levels of lung CuZnSOD, 
catalase, and glutathione peroxidase activities were not substantially more 
susceptible to 100% O2

 toxicity than their normal Sod2+/+ littermates. The mean 
(± SD) survival of Sod2+/  mice in 100% O2 was 101.4 ± 14.8 h (n = 20) versus 
103.2 ± 11.3 h (n = 20) for Sod2+/+ littermates (P > 0.60). In addition, Sod2+/  mice with 
approximately 50% of normal heart MnSOD activity and Sod2+/+ mice did not 
develop any ultrastructural abnormalities in the myocardium at 75 h or 90 h after 
100% O2 exposure. These results suggest that in mice, only 50% of MnSOD 
activity may be sufficient for normal resistance to 100% O2 toxicity 



(Susceptibility of Heterozygous MnSOD Gene-Knockout Mice to Oxygen Toxicity. M. 
Tsan et al. Am. J. Respir. Cell Mol. Biol., Volume 19, Number 1, July 1998 114-120).   

Oxygen is an important therapeutic modality for patients with severe hypoxemia. 
However, prolonged exposure to a high partial pressure of O2 causes pulmonary injury 
(1- 3) and exacerbates the existing lung pathology. Considerable evidence allegedly 
suggests that reactive O2 species, such as superoxide (·O2 ), H2O2, and hydroxyl radical 
(OH·), and more recently, peroxynitrite (ONOO ), play an important role in hyperoxia-
induced tissue injury.  

Superoxide dismutase (SOD), a family of enzymes that catalyze the dismutation of ·O2  
to H2O2 and O2, reduces the tissue concentration of ·O2  and prevents the production of 
OH· and ONOO . Thus, in conjunction with catalase and glutathione (GSH) 

peroxidase, SOD may play an important role in the host defense against O2 toxicity. 
However, studies have failed to confim this speculation. 

Manganese superoxide dismutase (MnSOD) is of particular interest because of its 
strategic location in mitochondria, a major site of ·O2  production under hyperoxic 
conditions. However, despite recent investigation, the evidence supporting a role for 
MnSOD in the host defense against O2 toxicity remains inconclusive (Tsan, M. F.. 1997. 
Superoxide dismutase and pulmonary oxygen toxicity. Proc. Soc. Exp. Biol. Med. 214: 
107-113).  

1.5.0.2  Metabolomics 
 
Metabolism is the sum of all biochemical reactions involved in maintaining the health of 
the cell, including breaking down and synthesizing various molecules to produce energy 
and build substances the cell needs to operate normally.  There is a growing field of 
metabolomics - the study of the molecules involved in metabolism. I also use an 
equivalent term, metabolology. 
 
 

Here is what I now believe relative to my ROSI syndrome: 
- we require a continuously operative prooxidative defensive system 
- this system is based on a sufficiency of EMOD generation 
- an immune competent system is also based on a sufficiency of EMOD production 
- conditions such as HIV/AIDS has an EMOD insufficiency, which results in 

higher risk of infections, cancer and other diseases 
- CGD has an EMOD insufficiency and results in higher risks of infections, cancer 

and other diseases 
- Pregnancy can be an immunodeficiency condition, to allow the development of 

the fetus and which has an insufficiency of EMOD production and results in 
higher risk for gestational diabetes, arthritis and other diseases 

- Atherosclerosis develops at the site of intimal injury or at a site with insufficient 
EMOD production.  This allows for the formation of a pimple-like lesion, just as 
it would on external epidermis, which ultimately breaks open and causes clot 



formation.  Adequate EMOD would not allow for the seeding of this lesion with 
viable pathogens and would oxidize microaggregates for excretion. 

- All of the major diseases such as cancer, atherosclerosis, diabetes, strokes, 
arthritis require a prooxidant system to constantly prevent the development or 
progression of these conditions 

 
1.5.0.3  Newborn neurons acquire high EMOD levels 

Newborn neurons acquire high levels of reactive oxygen species and increased 
mitochondrial proteins upon differentiation from progenitors.  Although ROS have been 
associated with conditions that lead to cell death, our results and recent studies on the role 
of ROS as regulators of signal pathways are consistent with the possibility that ROS play 
a role in the development of the neuronal phenotype. A population of embryonic rat 
cortical cells cultured in the presence of FGF2 and having neuronal morphology 
expressed higher levels of reactive oxygen species (ROS) than did progenitor cells (Brain 
Research. Marina Tsatmali, Elisabeth C. Walcott and Kathryn L. Crossin. Volume 1040, 
Issues 1-2, 8 April. 2005, Pages 137-150). I believe that these newborn cells, which 
have low levels of antioxidants and antioxidant enzymes, have or require high 
EMOD levels for normal development and that the EMODs are of low toxicity. 

The production of high levels of ROS is associated with young neurons in vivo, is 
developmentally regulated, and is not associated with cell death. High levels of 
ROS persist in only neurogenic regions such as the hippocampus and olfactory bulb in 
the adult brain. In clonal cell cultures from embryonic rat cortex, ROS were produced as 
soon as neurons differentiated from multipotent progenitor cells (Reactive Oxygen 
Species Modulate the Differentiation of Neurons in Clonal Cortical Cultures. 
Marina Tsatmali, Elisabeth C. Walcott, Helen Makarenkova, and Kathryn L. Crossin. 
Mol Cell Neurosci. 2006 December; 33(4): 345–357). 
 
1.5.0.4  EMODs play role in brain, hypothalamus nutrient sensing 

The ability for the brain to sense peripheral fuel availability is mainly accomplished 
within the hypothalamus, which detects ongoing systemic nutrients and adjusts food 
intake and peripheral metabolism as needed. Investigators hypothesized that 
mitochondrial reactive oxygen species (ROS) could trigger sensing of nutrients within the 
hypothalamus. For this purpose, they induced acute hypertriglyceridemia in rats and 
examined the function of mitochondria in the hypothalamus. Hypertriglyceridemia led to 
a rapid increase in the mitochondrial respiration in the ventral hypothalamus together with 
a transient production of ROS. Cerebral inhibition of fatty acids–CoA mitochondrial 
uptake prevented the hypertriglyceridemia-stimulated ROS production, indicating that 

ROS derived from mitochondrial metabolism. The hypertriglyceridemia-stimulated ROS 
production was associated with change in the intracellular redox state without any 
noxious cytotoxic effects, suggesting that ROS function acutely as signaling molecules. 
Moreover, cerebral inhibition of hypertriglyceridemia-stimulated ROS production fully 
abolished the satiety related to the hypertriglyceridemia, suggesting that hypothalamic 
ROS production was required to restrain food intake during hypertriglyceridemia. 
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They found that fasting disrupted the hypertriglyceridemia-stimulated ROS production, 
indicating that the redox mechanism of brain nutrient sensing could be modulated under 
physiological conditions. Altogether, these findings support the role of mitochondrial 

ROS as molecular actors implied in brain nutrient sensing (Role for Mitochondrial 
Reactive Oxygen Species in Brain Lipid Sensing. Redox Regulation of Food Intake. 
Alexandre Benani, Stéphanie Troy, Maria Carmen Carmona, Xavier Fioramonti, Anne 
Lorsignol, Corinne Leloup, Louis Casteilla, and Luc Pénicaud. Diabetes 56:152-160, 
2007).  Contrary to being harmful, EMODs appear to be required for nutrient sensing and 
food intake. Again, EMODs are crucially involved in sensitive regulation of normal 
food intake and they are not harmful agents.  They concluded that identification of the 
ROS-sensitive molecular actors, which trigger the hypothalamic sensing of fat, may 
provide new targets in the management of hyperphagia related to metabolic diseases such 
as obesity or diabetes. I discuss aspects in my other books during the discussions of 
obesity and EMOD insufficiency states. 
 
1.5.0.5   Prostate cancer increases as oxidation-inducing androgens drop 

Prostate cancer is a disease associated with aging. Also commonly associated with 
increasing age is a shift in the prooxidant- antioxidant balance of many tissues toward a 
more oxidative state, i.e., increased oxidative stress. Some say that androgens increase 
oxidative stress and leads to prostate cancer but with aging, androgen levels drop as 
prostate cancer rates increase (Prooxidant-antioxidant shift induced by androgen 
treatment of human prostate carcinoma cells. MO Ripple, WF Henry, RP Rago and G 
Wilding. JNCI Journal of the National Cancer Institute 19979(1):40-48).  I believe that 
we must keep in mind the fact that RCTs utilizing antioxidants have not proven 
beneficial in the prevention of cancer of the prostate, as had been suggested by 
earlier studies. 
 
1.5.0.6  Free radical-induced disease propaganda  
 
According to popular propaganda, free radicals have been implicated in more than one 
hundred disease conditions in humans, including arthritis, hemorrhagic shock, 
atherosclerosis, aging, ischemia and reperfusion injury of many tissues, central nervous 
system injury, gastritis, tumor promotion and carcinogenesis, and AIDS. This wide range 
of diseases allegedly implies that enhanced free radical formation accompanies tissue and 
cellular injury in most, if not all, human diseases. In most cases, free radicals and their 
metabolites are increasingly recognized for their contribution to tissue injury leading to 
both initiation and promotion of multistage carcinogenesis, which ultimately leads to 
cancer. 
 
Recent laboratory studies have demonstrated that environmental pollutants exhibit the 
ability to produce enormous amounts of free radicals, resulting in oxidative deterioration 
of lipids, proteins and DNA, activation of procarcinogens, inhibition of cellular and 
antioxidant defense systems, depletion of sulfhydryls, altered calcium homeostasis, 
changes in gene expression and induction of abnormal proteins. Free radical production is 
also enhanced by carcinogen exposure as well as under the conditions of stress.  



 
That is their usual pitch.  Yet, the average life span increases. 
 
A review of the recorded history of medicine reveals that the widespread acceptance of 
certain erroneous concepts and/or theories has served to block the advancement of 
medical science and to hold the practice of medicine hostage to an overall state of 
ignorance.  I have extensively reviewed the available world data on oxygen metabolism 
and I feel that the free radical theory of Denham Harman has been a pseudoscientific red 
herring, which has been dragged across the obscure path of truth leading to therapeutic 
advances.  My studies have shown that the concept that antioxidants are “all good” and 
that oxidants or electronically modified oxygen derivatives (EMODs) are “all bad” is 
patently wrong.  This impression has spilled over to influence statements by major 
organizations, which indicate that the therapeutic use of hydrogen peroxide is dangerous 
and possibly lethal.  These statements do not reflect conclusions of the currently available 
scientific literature, which demonstrate the crucial role of EMODs, especially hydrogen 
peroxide, in normal aerobic metabolism and their essential role as secondary cellular 
messengers.  I believe that there is a great need to bring this data to the attention of these 
medical organizations, such that they can be made aware of the facts and the salutary 
effects of electronically modified oxygen derivatives, including hydrogen peroxide.   
 
Additionally, the available world data shows that accidental or intentional ingestion of 
hydrogen peroxide is usually followed by uneventful recoveries and free of harmful 
sequelae. Rarely has such ingestions been fatal, unless they involved consumption of 
massive quantities of highly concentrated material.  The dire warnings posted by many 
national and international organizations regarding the possible therapeutic use of 
hydrogen peroxide are not justified.  A re-evaluation of this situation is an absolute 
necessity, if we are to continue on a course of progress.   
 
To this end, I will make freely available all of my research work to all interested parties, 
such that others can consider current scientific studies and arrive at their own 
conclusions.  Turning a blind eye towards the plethora of data demonstrating the 
enormous potential for the therapeutic use of EMODs (inclusive of hydrogen peroxide, 
singlet oxygen and hypochlorous acid) is tantamount to scientific negligence.  
 
Medical and scientific writings, which refer to possible toxicities of hydrogen peroxide, 
seemingly do not consider the fact that hydrogen peroxide is continuously present in 
steady state levels of aerobic cells in 10-9 to 10-7 M concentrations.  Additionally, 
statements indicating that the use of intravenous hydrogen peroxide is toxic, do not take 
into account the fact that  platelets, erythrocytes, polymorphonuclear leucocytes and 
monocytes all produce hydrogen peroxide, as does all layers of the vascular wall.  
Hydrogen peroxide is always present in the normally functioning vascular wall and in the 
normally functioning cells of the vasculature.  Thus, it is difficult to believe in an 
inherent toxicity of hydrogen peroxide and its presence in all normally functioning 
aerobic cells highlights its lack of toxicity and emphasizes its metabolic essentiality.  
 
My past writings have challenged the paradigm that oxidants are harmful and 
antioxidants are beneficial.  I have given extensive reviews of the multimechanistic 



processes involved in prooxidant protection and health homeostasis. To draw attention to 
the fact that the current paradigm and policy based on the erroneous free radical theory of 
Harman is misleading and incorrect, I discuss how oxidative capacity, is of utmost 
importance in cellular functioning. Additionally, I review how the free radical theory 
concept has greatly diverted attention away from doing research on the benefits of 
oxidants, and how low molecular weight antioxidants are etiologically more relevant to 
serve as cooxidants for the overall modulation of cellular and organismal redox status. 
 
There is increasing evidence that excessive antioxidants, per se, may have deleterious 

effects.  Key pathways that adaptively respond to prooxidants are reviewed and 
mechanisms by which this response has advantageous implications are discussed.  In fact, 
I believe that the term “oxidative stress” should be abandoned and replaced with the term 
“oxidative advantage.”  This would remove the negative connotation of oxidation.  
 
However, one major problem in evaluating redox data is the nonconformity of 
overall conclusions. 

We can not survive without EMODs. They are among the most common and vital 
chemical messengers in the body. From head to toe, throughout each moment of life, 
they signal cells to perform tasks that range from the ordinary to the extraordinary. 
Among their many roles, EMODs help regulate body temperature, blood pressure, and 
blood sugar levels. But what influence, if any, does the natural decline in some EMODs 
have on the manifestation of varying diseases and the aging process in early, middle and 
late life?  This is discussed and referenced in detail in my writings. Although many 
proponents are convinced that antioxidant supplements can favorably alter the occurrence 
of common diseases and the aging process and have advocated their widespread use, the 
scientific evidence supporting this premise is, for the most part, sketchy at best. At worst, 
it is wrong.  

 

If the free radical theory had been a horse, 
it would now be glue. 
R. M. Howes, M.D., Ph.D. 

1/13/07  

 

Medical science is only beginning to understand the ways in which the mind influences 
the body. The placebo effect, for example, demonstrates that people can at times cause a 
relief in medical symptoms or suffering by believing the cures to be effective—whether 
they actually are or not. I believe that any such cures illustrate the body’s ability for 
self healing.  I believe that many of these require an increase in the oxidative 
capacity of the body.  Using processes only poorly understood, the body’s ability to heal 
itself is far more amazing than anything modern medicine could create. 

http://www.livescience.com/mind/
http://www.livescience.com/humanbiology/top_10_diseases.html


Zs.-Nagy states that oxyradicals are generally considered harmful byproducts of 
oxidative metabolism, causing molecular damage in living systems. They are implicated 
in various processes such as mutagenesis, aging, and series of pathological events. 
Although all this may be justified, evidence is accumulating that it is an oversimplified 

view of the real situation. We can assume nowadays that the living state of cells and 
organisms implicitly requires the production of oxyradicals. This idea is supported by 
experimental facts and arguments as follows. (1) Complete inhibition of the oxyradical 
production by KCN (or by any block of respiration) kills the living organisms much 
before the energy reserves would be exhausted. (2) Construction of the supramolecular 
organization of the cells (especially of their membranous compounds) requires the cross-
linking effect of oxyradicals, particularly that of OH· radicals. (3) Blast type cells produce 
much fewer oxyradicals than do differentiated ones, and interventions increasing the 
production of OH· radicals induce differentiation of various lines of leukemic (HL-60 and 
K562) and normal (fibroblasts, chondroblasts, etc.) cells, while SOD expression increases 
greatly. (4) It is reasonable to assume that the continuous flux of OH· radicals is 
prerequisite to maintenance of constant electron delocalization on the proteins, which is a 
semiconductive phenomenon suggested in 1941 by Szent-Györgyi, but it has never been 

proven experimentally (On the True Role of Oxygen Free Radicals in the Living State, 
Aging, and Degenerative Disorders. Imre Zs.-Nagy. Annals of the New York Academy of 
Sciences 928:187-199 (2001). 

1.5.1.0  Antioxidant potency varies from test to test 

Typical components of the Mediterranean diet, such as olive oil and red wine, contain 
high concentrations of complex phenols, which have been suggested to have an important 
antioxidant role. The aim of the present work was to determine the inhibitory potency of 
compounds such as oleuropein, hydroxytyrosol, and other structurally related 
compounds, such as gallic acid, toward reactive oxygen species generation and free 
radical scavenging ability. The potency of these compounds was also examined with 
respect to protecting in vitro low-density lipoprotein oxidation. These studies indicate 
that complex phenols, such as hydroxytyrosol, and gallic acid both inhibit free radical 
generation and act as free radical scavengers. The use of three different approaches to 
determine antioxidant potency demonstrates that activity in one test does not 
necessarily correlate with activity in another. It was also demonstrated that the 
presence of two phenolic groups is not always associated with antioxidant activity 
(Comparison of Radical Scavenging Effect, Inhibition of Microsomal Oxygen Free 
Radical Generation, and Serum Lipoprotein Oxidation of Several Natural Antioxidants. 
Ieva Stupans, Amra Kirlich, Kellie L. Tuck, and Peter J. Hayball. . Agric. Food Chem., 
50 (8), 2464 -2469, 2002).  

1.5.1.1  Food additives and sodium benzoate (antioxidant) may cause hyperactivity 

Certain artificial food colorings and other additives can worsen hyperactive behaviors in 
children aged 3 to 9, British researchers reported on 9/5/07. 



Tests on more than 300 children showed significant differences in their behavior when 
they drank fruit drinks spiked with a mixture of food colorings and preservatives, Jim 
Stevenson and colleagues at the University of Southampton said.  "These findings show 
that adverse effects are not just seen in children with extreme hyperactivity (such as 
ADHD) but can also be seen in the general population and across the range of severities 
of hyperactivity," the researchers wrote in their study, published in the Lancet medical 
journal. 

Stevenson's team, which has been studying the effects of food additives in children for 
years, made up two mixtures to test in one group of 3-year-olds and a second group of 
children aged 8 and 9.  They included sunset yellow coloring, also known as E110; 
carmoisine, or E122; tartrazine, or E102; ponceau 4R, or E124; the preservative sodium 
benzoate (a common antioxidant in meats, poultry and soft drinks), or E211; and 
other colors.   

One of the two mixtures contained ingredients commonly drunk by young British 
children in popular drinks, they said. They did not specify what foods might include the 
additives.  Both mixtures significantly affected the older children. The 3-year-olds were 
most affected by the mixture that closely resembled the average intake for children that 
age, Stevenson's team reported.  "The implications of these results for the regulation 
of food additive use could be substantial," the researchers concluded. 

The issue of whether food additives can affect children's behavior has been controversial 
for decades.  Benjamin Feingold, an allergist, has written books arguing that not only did 
artificial colors, flavors and preservatives affect children but so did natural salicylate 
compounds found in some fruits and vegetables. 

Several studies have contradicted this notion. 

Stevenson's team made up several batches of fruit drinks and carefully watched the 
children after they drank them. Some did not contain the additives. 

The children varied in their responses but in general reacted poorly to the cocktails, 
Stevenson's team reported. 

"We have found an adverse effect of food additives on the hyperactive behavior of 3-
year-old and 8/9-year-old children," they wrote. 

Dr. Sue Baic, a registered dietitian at the University of Bristol, said in a statement: "This 
is a well designed and potentially very important study." 

"It supports what dietitians have known for a long time, that feeding children on diets 
largely consisting of heavily processed foods which may also be high in fat, salt or 
sugar is not optimal for health." 



Others disagreed.  "The paper shows some statistical associations. It is not a 
demonstration of cause and effect," said Dr. Paul Illing, a registered toxicologist and 
safety consultant in Wirral, Britain. 

This is another example of the harmful potential of antioxidants (sodium benzoate). 

1.5.1.2  Butylatedhydroxyanisole (BHA), an antioxidant, is a carcinogen 
 
BHA is a phenolic antioxidant that is Generally Regarded as Safe (GRAS) by the FDA. 
By 1987, after BHA was shown to be a rodent carcinogen, its use declined six fold 
(HERP=0.002%) (U.S. Food and Drug Administration. Butylatedhydroxyanisole (BHA) 
intake: Memo from Food and Additives Color Section to L. Lin. Washington, 
DC:USFDA, 1991. ); this was due to voluntary replacement by other antioxidants, and to 
the fact that the use of animal fats and oils, in which BHA is primarily used as an 
antioxidant, has consistently declined in the U.S. 

1.5.1.3  T Cell Responses to Paraphenylenediamine (antioxidant) and to Its 
Metabolites Mono- and Diacetyl-Paraphenylenediamine 

Paraphenylenediamine (PPD) is one of the most common allergens among patients 
with allergic contact dermatitis. It is used as an antioxidant, an ingredient of hair 
dyes, intermediate of dyestuff, and is a chemical for photographic processing. Humans 
are exposed to PPD by skin contact. In general, small molecular compounds need 
metabolic activation to become immunogenic. Therefore, the balance between activation 
and/or detoxification processes is critical for immunogenic potentials of such compounds. 
PPD may be oxidized to Bandrowski's base [N,N'-bis(4-aminophenyl)-2,5-diamino-1,4-
quinone-diimine], which is involved in contact dermatitis to PPD [2]. We found that PPD 
is acetylated to monoacetyl-PPD (MAPPD) and to a lesser extent to N,N'-diacetyl-PPD 
(DAPPD) in human skin and keratinocytes [3]. This reaction was catalyzed by N-
acetyltransferase 1 (NAT1). N-Acetylation reactions are considered as a detoxification 
step but recently Smith et al. [4]and others [5]reported that the monoacetylated 
metabolite of benzidine is more toxic than benzidine itself. Therefore, we focussed in this 
study on the immunogenic capacities of the acetylated metabolites of PPD by measuring 
the proliferative responses of T cells (T Cell Responses to Paraphenylenediamine and to 
Its Metabolites Mono- and Diacetyl-Paraphenylenediamine.  S. Sieben, Y. Kawakubo, B. 
Sachs, T. Al Masaoudi, H.F. Merk, B. Blömeke. International Archives of Allergy and 
Immunology 2001;124:356-358).  This is another example of the harmful potential of 
antioxidants (PPD). 

1.5.1.4  Atherosclerosis is not like rust formation 

In September of 2007, Dr. Gordon Tomaselli stated “The hardening of the heart's arteries 
is like rust developing on a car”, said Dr. Gordon Tomaselli, chief of cardiology at 
Johns Hopkins University. "Rust develops much more quickly at warm temperatures 
and so does atherosclerosis," said Tomaselli, who is program chair at the American Heart 



Association.  I believe that this is referring to and perpetuating the fallen free radical 
theory.  Atherosclerosis is not like rust formation….not even close. 

ANTIOXIDANT FAILURES 

1.5.1.5  Antioxidant vitamins fail to prevent cardiovascular disease 

Recently, there has also been much interest in the pro-oxidant state in atherosclerosis-
related vascular disease states and aging (McEwen JE, Zimniak P, Mehta JL, Reis RJ. 
Molecular pathology of aging and its implications for senescent coronary atherosclerosis 
Curr Opin Cardiol 2005;20:399-406).  

An oxidant state implies that the body’s endogenous antioxidants are not sufficient to 
neutralize the oxidant species. The concept of a pathogenic role of oxidants is particularly 

attractive, because oxidant species injure endothelial cells, denature the vasodilator 
species nitric oxide, induce inflammation and thrombosis, and oxidize LDL cholesterol, 
all of which accompany atherogenesis. Furthermore, a number of studies in animal and 

cell model systems have shown protective effects of a variety of antioxidants, 
including tocopherols and ascorbic acid  (Das S, Ray R, Snehlata, Das N, Srivastava 
LM. Effect of ascorbic acid on prevention of hypercholesterolemia induced 
atherosclerosis Mol Cell Biochem 2006;285:143-147) (Chen L, Haught WH, Yang B, 
Saldeen TG, Parathasarathy S, Mehta JL. Preservation of endogenous antioxidant activity 
and inhibition of lipid peroxidation as common mechanisms of antiatherosclerotic effects 
of vitamin E, lovastatin and amlodipine J Am Coll Cardiol 1997;30:569-575) (Leborgne 
L, Pakala R, Dilcher C, et al. Effect of antioxidants on atherosclerotic plaque formation in 
balloon-denuded and irradiated hypercholesterolemic rabbits J Cardiovasc Pharmacol 
2005;46:540-547).  

Melov et al. showed a marked prolongation in the life-span of C. elegans with 
administration of a superoxide dimutase/catalase mimetic (Melov S, Ravenscroft J, Malik 
S, et al. Extension of life-span with superoxide dismutase/catalase mimetics Science 
2000;289:1567-1569).  

However, clinical trials of common antioxidants have by and large shown 
no benefit in treating CVD (Knekt P, Ritz J, Pereira MA, et al. Antioxidant 
vitamins and coronary heart disease risk:  a pooled analysis of 9 cohorts. Am J Clin Nutr 
2004;80:1508-1520). This implies that either the oxidant/antioxidant imbalance is not 
pivotal in atherogenesis or appropriate antioxidant formulations have not been used. I 
believe that it implies that the Free Radi-Crap theory is wrong.  

Several observational epidemiologic studies have suggested that higher intakes of fruit, 
vegetables, and whole grain are related to a lower risk of coronary heart disease (CHD) 
(1, 2). One hypothesized explanation for this finding is a reduction in oxidatively 
modified LDL, which is thought to play an important role in the development of 
atherosclerosis. Because of their antioxidant properties, carotenoids, vitamin E, and 
vitamin C may protect against free oxygen radicals and lipid peroxidation and accordingly 

http://www.ajcn.org/cgi/content/full/80/6/1508?ijkey=b67f15fa95c3f56aee113b24926b0c8762257ac3
http://www.ajcn.org/cgi/content/full/80/6/1508?ijkey=b67f15fa95c3f56aee113b24926b0c8762257ac3


inhibit the development of atherosclerosis. Findings from observational cohort studies on 
this topic are inconsistent). 

Most previous cohort studies have investigated -tocopherol or vitamin E, vitamin C, and 
total carotene or ß-carotene, and only scarce information exists on other carotenoids. Few 

studies have reported on vitamin supplement intake. The inconsistency of the 
results from these studies may, in part, be due to a lack of power to 
detect associations, misclassification of antioxidant intake, 
unsatisfactory control for potential confounding factors, or an inability 
to investigate subpopulations.  

Randomized intervention trials in primary prevention of cardiovascular 
disease have not shown substantial benefits from -tocopherol (Virtamo J, 
Rapola JM, Ripatti S, et al. Effect of vitamin E and beta carotene on the incidence of 
primary nonfatal myocardial infarction and fatal coronary heart disease. Arch Intern Med 
1998;158:668–75) (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;91:2102–6). 

Neither has ß-carotene supplementation produced substantial benefits 
against CVD (Virtamo J, Rapola JM, Ripatti S, et al. Effect of vitamin E and beta 
carotene on the incidence of primary nonfatal myocardial infarction and fatal coronary 
heart disease. Arch Intern Med 1998;158:668–75) (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;91:2102–6) 
(Greenberg ER, Baron JA, Karagas MR, et al. Mortality associated with low plasma 
concentration of beta carotene and the effect of oral supplementation. JAMA 
1996;275:699–703) (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;334:1145–9) (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;334:1150–5). 

1.5.1.6  The Pooling Project of Cohort Studies on Diet and Coronary Disease 

In the Pooling Project of Cohort Studies on Diet and Coronary Disease, they studied 
the relations of the intakes of vitamin E, 5 carotenoids, and vitamin C to the incidence of 

all major CHD events (nonfatal myocardial infarction or fatal CHD) and CHD mortality 
by pooling primary data from 9 major cohort studies with the use of a standardized 
approach. This large database enabled us to examine several issues that would be difficult 
to address in any single cohort study, such as whether 1) single antioxidants or 
combinations of them predict CHD occurrence, 2) the strength of associations differs by 
dietary and supplemental intake, and 3) nondietary or dietary risk factors of CHD modify 
the association.  Eleven cohort studies meeting the following criteria were included in 
the Pooling Project of Cohort Studies on Diet and Coronary Disease: 1) the study 



included 150 incident CHD cases, 2) usual total dietary intake was determined with the 
use of a food-frequency or dietary history method at baseline, and 3) data were available 

from a validation or reproducibility study of the diet-assessment instrument.  

A cohort study pooling 9 prospective studies that included information on intakes of 
vitamin E, carotenoids, and vitamin C and that met specific criteria was carried out. 
During a 10-y follow-up, 4647 major incident CHD events occurred in 293,172 subjects 
who were free of CHD at baseline. 

Dietary intake of antioxidant vitamins was only weakly related to a reduced CHD risk 
after adjustment for potential nondietary and dietary confounding factors.  Subjects with 
higher supplemental vitamin C intake had a lower CHD incidence.  Supplemental vitamin 

E intake was not significantly related to reduced CHD risk.  Conclusions:The results 
suggest a reduced incidence of major CHD events at high supplemental vitamin C 
intakes. The risk reductions at high vitamin E or carotenoid intakes appeared small.   

Their finding is inconsistent with the suggestion of no notable additional benefit from 
vitamin C intakes over 200 mg/d because of tissue saturation but agrees with results from 
previous cohort studies showing a significantly or nonsignificantly lower CHD risk at 
intakes of >500 mg/d. One cohort study that reported no association had considerably 
lower vitamin C intakes. 

1.5.1.7  Vitamin C fails to prevent and may increase CVD 

To examine associations between antioxidant vitamins from dietary sources and CHD 
risk, they excluded subjects who took supplements. We found no reduction of CHD risk 
at higher dietary intakes of vitamin C. In fact, after adjustment for potentially 
confounding dietary factors, vitamin C was positively related to CHD 
incidence. The possibility of a chance finding cannot be excluded. Several previous 
studies also failed to find an inverse association for vitamin C status 
(Kushi LH, Folsom AR, Prineas RJ, Mink PJ, Wu Y, Bostick RM. Dietary antioxidant 
vitamins and death from coronary heart disease in postmenopausal women. N Engl J Med 
1996;334:1156–62) (Sahyoun NR, Jacques PF, Russell RM. Carotenoids, vitamins C and 
E, and mortality in an elderly population. Am J Epidemiol 1996;144:501–11) (Lapidus L, 
Andersson H, Bengtsson C, Bosaeus I. Dietary habits in relation to incidence of 
cardiovascular disease and death in women: a 12-year follow-up of participants in the 
population study of women in Gothenburg, Sweden. Am J Clin Nutr 1986;44:444–8)  
(Fehily AM, Yarnell JW, Sweetnam PM, Elwood PC. Diet and incident ischaemic heart 
disease: the Caerphilly Study. Br J Nutr 1993;69:303–14) (Gey KF, Stahelin HB, 
Eichholzer M. Poor plasma status of carotene and vitamin C is associated with higher 
mortality from ischemic heart disease and stroke: Basel Prospective Study. Clin Investig 
1993;71:3–6) (Gale CR, Martyn CN, Winter PD, Cooper C. Vitamin C and risk of death 
from stroke and coronary heart disease in cohort of elderly people. BMJ 1995;310:1563–
6) (Klipstein-Grobusch K, Geleijnse JM, den Breeijen JH, et al. Dietary antioxidants and 
risk of myocardial infarction in the elderly: the Rotterdam Study. Am J Clin Nutr 
1999;69:261–6) (Loria CM, Klag MJ, Caulfield LE, Whelton PK. Vitamin C status and 



mortality in US adults. Am J Clin Nutr 2000;72:139–45) (Mezzetti A, Zuliani G, Romano 
F, et al. Vitamin E and lipid peroxide plasma levels predict the risk of cardiovascular 
events in a group of healthy very old people. J Am Geriatr Soc 2001;49:533–7). 

 In contrast, several studies reported a lower risk of CHD at higher 
vitamin C intakes and concentrations (Knekt P, Reunanen A, Järvinen R, 
Seppänen R, Heliövaara M, Aromaa A. Antioxidant vitamin intake and coronary 
mortality in a longitudinal population study. Am J Epidemiol 1994;139:1180–9) (Pandey 
DK, Shekelle R, Selwyn BJ, Tangney C, Stamler J. Dietary vitamin C and beta-carotene 
and risk of death in middle-aged men. The Western Electric Study. Am J Epidemiol 
1995;142:1269–78) (Nyyssönen K, Parviainen MT, Salonen R, Tuomilehto J, Salonen 
JT. Vitamin C deficiency and risk of myocardial infarction: prospective population study 
of men from eastern Finland. BMJ 1997;314:634–8) (Tunstall-Pedoe H, Woodward M, 
Tavendale R, A'Brook R, McCluskey MK. Comparison of the prediction by 27 different 
factors of coronary heart disease and death in men and women of the Scottish Heart 
Health Study: cohort study. BMJ 1997;315:722–9) (Simon JA, Hudes ES, Tice JA. 
Relation of serum ascorbic acid to mortality among US adults. J Am Coll Nutr 
2001;20:255–63) (Todd S, Woodward M, Tunstall-Pedoe H, Bolton-Smith C. Dietary 
antioxidant vitamins and fiber in the etiology of cardiovascular disease and all-causes 
mortality: results from the Scottish Heart Health Study. Am J Epidemiol 1999;150:1073–
80) (Khaw KT, Bingham S, Welch A, et al. Relation between plasma ascorbic acid and 
mortality in men and women in EPIC-Norfolk prospective study: a prospective 
population study. European Prospective Investigation into Cancer and Nutrition. Lancet 
2001;357:657–63).  

A higher serum ascorbic acid concentration indicates dietary patterns featuring a variety 

of fruit and vegetables. The reported associations may be due in part to incomplete 
adjustments for other substances in plant foods. In addition, low blood vitamin C 
concentrations reflect smoking and other physiologic stressors.  

1.5.2.0  The Effect of Vitamin E and Beta Carotene on the Incidence of Lung Cancer 
and Other Cancers in Male Smokers:  The Alpha-Tocopherol Beta Carotene Cancer 
Prevention Study Group  

Investigators performed a randomized, double-blind, placebo-controlled primary-
prevention trial to determine whether daily supplementation with alpha-tocopherol, beta 
carotene, or both would reduce the incidence of lung cancer and other cancers. A total of 
29,133 male smokers 50 to 69 years of age from southwestern Finland were randomly 
assigned to one of four regimens: alpha-tocopherol (50 mg per day) alone, beta carotene 
(20 mg per day) alone, both alpha-tocopherol and beta carotene, or placebo. Follow-up 

continued for five to eight years.  

Results Among the 876 new cases of lung cancer diagnosed during the trial, no reduction 
in incidence was observed among the men who received alpha-tocopherol (change in 
incidence as compared with those who did not, -2 percent; 95 percent confidence interval, 
-14 to 12 percent). Unexpectedly, we observed a higher incidence of lung cancer among 



the men who received beta carotene than among those who did not (change in incidence, 
18 percent; 95 percent confidence interval, 3 to 36 percent). We found no evidence of an 
interaction between alpha-tocopherol and beta carotene with respect to the incidence of 
lung cancer. Fewer cases of prostate cancer were diagnosed among those who received 
alpha-tocopherol than among those who did not. Beta carotene had little or no effect on 
the incidence of cancer other than lung cancer. Alpha-tocopherol had no apparent effect 
on total mortality, although more deaths from hemorrhagic stroke were observed among 
the men who received this supplement than among those who did not. Total mortality was 
8 percent higher (95 percent confidence interval, 1 to 16 percent) among the participants 
who received beta carotene than among those who did not, primarily because there were 
more deaths from lung cancer and ischemic heart disease.  

Conclusions They found no reduction in the incidence of lung cancer among male 
smokers after five to eight years of dietary supplementation with alpha-tocopherol or beta 
carotene. In fact, this trial raises the possibility that these supplements may actually 
have harmful as well as beneficial effects (The Effect of Vitamin E and Beta Carotene 
on the Incidence of Lung Cancer and Other Cancers in Male Smokers:  The Alpha-
Tocopherol Beta Carotene Cancer Prevention Study Group. Vol. 330:1029-1035. April 
14, 1994). 
 
 
 
1.5.2.1  Vitamin E increases tuberculosis risk in male smokers with high vitamin C 
intake 

Six-year vitamin E supplementation increased tuberculosis risk by 72% in male 
smokers who had high dietary vitamin C intake, but vitamin E had no effect on those 
who had low dietary vitamin C intake, according to a study published 2/21/08 in the 
British Journal of Nutrition.  Previous studies had suggested that vitamin E might 
improve the immune system. In animal studies vitamin E seemed to protect against 
various infections.  I believe that this discounts the notion that vitamin E can enhance 
the immune system and is consistent with the preponderance of data showing the 
potential harm of vitamin E consumption, when there is no deficiency state.  

Harri Hemila and Jaakko Kaprio, of the University of Helsinki, Helsinki, Finland, 
studied whether vitamin E supplementation might decrease the risk of tuberculosis. 
They analyzed the data of the randomized trial (Alpha-Tocopherol Beta-Carotene 
Cancer Prevention Study) which was conducted in Finland between 1985-1993 and 
included male smokers aged 50-69 years. There were 174 cases of tuberculosis in 29,023 
participants during the 6-year supplementation of 50 mg/day vitamin E. 

The effect of vitamin E on tuberculosis risk was modified by the intake of vitamin C in 
diet. Vitamin E had no effect on participants who had dietary vitamin C intake less 
than 90 mg/day. Unexpectedly, vitamin E supplementation increased 
tuberculosis risk by 72% in those who had dietary vitamin C intake 
over 90 mg/day.  



The most dramatic increase in tuberculosis risk by vitamin E was restricted to a 
one-year period after the initiation of supplementation. 

The US nutritional recommendations, issued by the prestigious Institute of Medicine, 
consider that vitamin E is safe in amounts up to 1000 mg/day. This new study suggests 
that in some population groups vitamin E supplementation may be harmful at a 
substantially lower dose, 50 mg/day. 

The researchers concluded that the consumption of vitamin E 
supplements by the general population should be discouraged because 
there is evidence of harm for some people. 

1.5.2.2  Vitamin E trial “fatally flawed” 

9/23/2007.  Generations of studies on vitamin E may be largely meaningless, 
scientists say, because new research has demonstrated that the levels of this micronutrient 
necessary to reduce oxidative stress are far higher than those that have been commonly 
used in clinical trials. 

In a new study and commentary in Free Radical Biology and Medicine, researchers 
concluded that the levels of vitamin E necessary to reduce oxidative stress as 
measured by accepted biomarkers of lipid peroxidation are about 1,600 to 3,200 I.U. 
daily, or four to eight times higher than those used in almost all past clinical trials.  I 
believe that this is reckless and dangerous. 

This could help explain the inconsistent results of many vitamin E trials for its value in 
preventing or treating cardiovascular disease, said Balz Frei, professor and director of the 
Linus Pauling Institute at Oregon State University, and co-author of the new commentary 
along with Jeffrey Blumberg, at the Jean Mayer USDA Human Nutrition Research 
Center on Aging at Tufts University.  I believe that they can not accept the fact that 
antioxidants have failed repeatedly to have their predicted affect and these 
researchers are so biased that they will resort to any methods to try to show that the 
free radical theory and the concept of oxidative stress are valid. 

The methodology used in almost all past clinical trials of vitamin E has been fatally 
flawed, said Frei, one of the worlds leading experts on antioxidants and disease. These 
trials supposedly addressed the hypothesis that reducing oxidative stress could reduce 
cardiovascular disease. But oxidative stress was never measured in these trials, and 
therefore we dont know whether it was actually reduced or not. The hypothesis was never 
really tested.  I believe that the nearly 20 markers of oxidative stress lack agreement 
and consistency in laboratory studies.  Thus, interpretation of data is meaningless. 

The level of vitamin E that clearly can be shown to reduce oxidative stress, new research 
is showing, is far higher than the level that could be obtained in any diet, and is also 
above the tolerable upper intake level outlined by the Institute of Medicine, which is 
1,000 I.U. a day. OSU researchers are not yet recommending that people should routinely 



take such high levels, but they do say that controlled clinical trials studying this issue 
should be aware of the latest findings and seriously consi E supplement levels in their 
studies.  

In lab, animal or human studies, theres evidence that vitamin E can reduce oxidative 
stress, inhibit formation of atherosclerotic lesions, slow aortic thickening, lower 
inflammation, and reduce platelet adhesion. Some human studies using lower levels of 
vitamin E supplements, such as 100 to 400 I.U. a day, have shown benefits in reducing 
cardiovascular disease risk, and others have not. An underlying assumption was that these 
levels were more than adequate to reduce oxidative stress, since they far exceeded the 
recommended dietary allowance or RDA for the vitamin, a level adequate to prevent 
deficiency disease. 

Whats now clear is that the amount of vitamin E than can conclusively be shown to 
reduce oxidative stress is higher than we realized, Frei said. And almost none of the 
studies done with vitamin E actually measured the beginning level or reduction of 
oxidative stress. 

Proper studies of vitamin E, researchers say, must be done carefully and take into account 
the newest findings about this micronutrient. Its now known that natural forms of the 
vitamin are far more readily absorbed than synthetic types. Its also been discovered that 
supplements taken without a fat-containing meal are largely useless, 
because in the absence of dietary fat vitamin E is not absorbed. 

Also, please remember that vitamin E is transported by LDL.  In other word, the 
bad cholesterol, LDL, packs the antioxidant vitamin E around with it.  Is this guilt 
by association? 

Some clinical trials may wish to study the long term effect of vitamins on healthy 
individuals. But if a clinical trial seeks to learn the value of reducing oxidative stress, 
they should select patients in advance for those who have high, measurable oxidative 
stress often people who are older or have a range of heart disease risk factors, such as 
obesity, poor diet, hypertension or other problems. Cognizance should also be taken of 
people with health issues that may further increase their vitamin needs, such as smokers. 

A pill count simply isnt enough to determine the value of vitamin E, Fre i said. So far 
weve been flying blind. 

A parallel, Frei said, would be presuming to test the value of a statin drug, which lowers 
cholesterol, without ever measuring cholesterol levels in the test subjects, neither at the 
beginning nor at the end of the study. Such trials would be ridiculed in the science 
community. 

The use and intake of vitamins, experts say, has traditionally been thought of in terms of 
overt deficiency for example, not enough vitamin C causes scurvy. Much less research 
has been done on the levels that can help create optimum health. The issue is of special 



importance with modern populations that have very different diets, activity levels and 
increased lifespan, and are dying from much different causes predominantly heart disease 
and cancer than people of past generations. 

1.5.2.3  Vitamin Supplements: A Word of Caution for Cancer Patients 

(National Cancer Foundation for Cancer Research.org website. Accessed 10-31-07) 

Nutrition experts have long recommended that people eat plenty of fruits and vegetables, 
in large part because they are such good sources of antioxidants. Antioxidants are 
substances that allegedly protect the body against disease by countering the harmful 
effects of free radicals—highly-reactive forms of oxygen that accumulate in the body as 
byproducts of a normal metabolic process called oxidation. These particles can allegedly 
injure surrounding cells. Left unchecked, they can damage DNA, potentially causing 
cancer in in vitro studies.  
 
Because of their well-recognized antioxidant properties, vitamins A (beta-carotene), C, 
and E are often touted for their ability to protect the body against cancer. However, new 
data have emerged suggesting that cancer patients who take high supplemental 
doses of vitamins A, C, and E might actually be doing more harm than good.  
 
The most recent research, presented at a meeting of the American Cancer Society by 
oncologists from Memorial Sloan-Kettering Cancer Center in New York, suggests 
that cancer patients who take large doses of vitamin C—one gram (1,000 mg) or 
more daily—might sabotage their treatment by helping cancer cells protect themselves 
from radiation and chemotherapy.  
 
While these adverse effects have not been proven conclusively, researchers report that 
there are persuasive biological reasons to think large doses could be harmful. For 
example, scientists recently discovered that cancer cells contain large amounts of 
vitamin C, which appears to protect them—just as it protects healthy 
cells—from oxygen damage to the genes. Several cancer therapies, particularly 
radiation, work by triggering oxygen damage (via EMODs) in cancer cells, helping to 
cripple and destroy them.  
 
Previous research in mice, conducted at the University of North Carolina’s School 
of Public Health, has suggested that vitamins A and E may undermine the efficacy 
of cancer treatment as well. When the DNA of cells in both mice and humans has been 
damaged beyond repair, the cells undergo a natural process that forces them to destroy 
themselves. This process is called apoptosis. The mouse study indicated that some 
antioxidant vitamins may suppress apoptosis, thereby reducing cancer cell death.  
 
Prior to the University of North Carolina study, another mouse study suggested 
that tumor cells need high amounts of vitamin C to thrive. Moreover, years 
ago, two human studies found that smokers with high levels of beta-



carotene in their blood had a higher risk of lung cancer (CARET study), 
compared with smokers with low levels of the antioxidant.  
 
Cancer specialists still recommend eating a diet rich in fruits and vegetables, but many 
now caution their cancer patients to avoid taking high doses of vitamin supplements. 
Until we learn more, consider these precautions: 

1. Do not take vitamin supplements unless your doctor has prescribed them.   
2. Avoid taking high doses of antioxidant vitamins during radiation therapy or 

chemotherapy. After treatment is complete, ask your physician if it is safe to start 
taking vitamins.  

3. Eat a balanced diet. Doing so should supply enough of the vitamins, minerals, and 
nutrients the body needs in the natural proportions 

Cancer cells readily take up vitamin C in vitro  (Baader, S. L., Bruchelt, G., Trautner, 
M. C., Boschert, H., and Niethammer, D. Uptake and cytotoxicity of ascorbic acid and 
dehydroascorbic acid in neuroblastoma (SK-N-SH) and neuroectodermal (SK-N-LO) 
cells). Anticancer Res., 14: 221–227, 1994.)  Spielholz, C., Golde, D. W., Houghton, A. 
N., Nualart, F., and Vera, J. C. Increased facilitated transport of dehydroascorbic acid 
without changes in sodium-dependent ascorbate transport in human melanoma cells. 
Cancer Res., 57: 2529–2537, 1997. )  
 
Studies have demonstrated high vitamin C concentrations in neoplasms compared 
with the adjacent normal tissue (Langemann, H., Torhorst, J., Kabiersch, A., Krenger, 
W., and Honegger, C. G. Quantitative determination of water- and lipid-soluble 
antioxidants in neoplastic and non-neoplastic human breast tissue. Int. J. Cancer, 43: 
1169–1173, 1989).  The mechanism by which cancers accumulate vitamin C in vivo, 
however, is unknown.  

1.5.2.4 Vitamin C Inactivates the Proteasome Inhibitor PS-341 in Human Cancer 
Cells 
 
PS-341 (bortezomib, Velcade), the first proteasome inhibitor approved by the Food and 
Drug Administration for the treatment of patients with relapsed multiple myeloma, 
induces apoptosis in human cancer cell lines. Vitamin C (ascorbic acid) is an essential 
water-soluble vitamin required for many normal physiologic functions and has to be 
obtained through diet or supplemental tablets in humans. They studied the potential effect 
of vitamin C on the anticancer activity of PS-341 in human cancer cell lines.   
 
Vitamin C directly binds to PS-431, thus inactivating PS-341 independent of its 
antioxidant activity. Our findings suggest that vitamin C may have a negative effect on 
PS-341-mediated anticancer activity. (Vitamin C Inactivates the Proteasome Inhibitor PS-
341 in Human Cancer Cells. Wei Zou et al., Clinical Cancer Research Vol. 12, 273-280, 
January 2006).  
 



One clinical case report showed that vitamin C together with other oxidants, when added 
adjunctively to first-line chemotherapy, prevented recurrence in two ovarian cancer 
patients (Drisko JA, Chapman J, Hunter VJ. The use of antioxidants with first-line 
chemotherapy in two cases of ovarian cancer. J Am Coll Nutr 2003;22:118–23). 
 
It has been claimed that PS-341 induces apoptosis through promotion of ROS 
generation (Ling YH, Liebes L, Zou Y, Perez-Soler R. Reactive oxygen species 
generation and mitochondrial dysfunction in the apoptotic response to Bortezomib, a 
novel proteasome inhibitor, in human H460 non-small cell lung cancer cells. J Biol Chem 
2003;278:33714–23) (Yu C, Rahmani M, Dent P, Grant S. The hierarchical relationship 
between MAPK signaling and ROS generation in human leukemia cells undergoing 
apoptosis in response to the proteasome inhibitor Bortezomib. Exp Cell Res 
2004;295:555–66) (Fribley A, Zeng Q, Wang CY. Proteasome inhibitor PS-341 induces 
apoptosis through induction of endoplasmic reticulum stress-reactive oxygen species in 
head and neck squamous cell carcinoma cells. Mol Cell Biol 2004;24:9695–704). 
 
PS-341, also known as Velcade or Bortezomib, represents a new class of anticancer 
drugs which has been shown to potently inhibit the growth and/or progression of 
human cancers, including head and neck squamous cell carcinoma (HNSCC).  PS-341 
potently activated the caspase cascade and induced apoptosis in human HNSCC cell 

lines.  Using biochemical and microarray approaches, we found that proteasome 

inhibition by PS-341 induced endoplasmic reticulum (ER) stress and reactive oxygen 
species (ROS) in HNSCC cells. The inhibition of ROS significantly suppressed caspase 
activation and apoptosis induced by PS-341.  Results suggest that in addition to the 
abolishment of the prosurvival NF- B, PS-341 might directly induce apoptosis by 

activating proapoptotic ER stress-ROS signaling cascades in HNSCC cells, providing 
novel insights into the PS-341-mediated antitumor activity (Fribley A, Zeng Q, Wang 
CY. Proteasome inhibitor PS-341 induces apoptosis through induction of endoplasmic 
reticulum stress-reactive oxygen species in head and neck squamous cell carcinoma cells. 
Mol Cell Biol 2004;24:9695–704). 
 
I believe that this another example of the tumoricidal activity of EMODs and of 
their possible inhibition of cancer kill by antioxidants, such as vitamin C.  

Vitamin C has previously been proposed as a tonic against many diverse illnesses, 
from the common cold to cancer; however, supporting data for such benefits are 
incomplete and sometimes contradictory. Vitamin C has been reported to have protective 

cellular effects via its antioxidant properties and toxic effects via generation of reactive 
oxygen species and depletion of cellular glutathione. Furthermore, the production of 
reactive oxygen species in vitro by vitamin C may occur only in tissue 
culture due to the presence of free transition metal ions, such as iron and 
copper, in culture media. In vivo, these metal ions are bound by transition metal–
binding proteins, such as ferritin. In vitro, vitamin C is toxic to a variety of cancer cell 
lines: extracellular concentrations as low 100 to 200 µmol/L are toxic to some cell lines 
but many types of malignant cells are killed only at concentrations approaching the 
millimolar range. These high plasma concentrations are achieved only via i.v., but not 



oral, administration of vitamin C. The combination of arsenic trioxide (As2O3) with the 
reduced form of vitamin C, ascorbic acid, has shown synergistic activity against multiple 

myeloma both in vitro and in vivo, and the combination has shown activity against 
relapsed and refractory multiple myeloma in clinical trials.  

1.5.2.5  As2O3 with ascorbic acid 

As2O3 with ascorbic acid is now being evaluated in combination with either melphalan or 

dexamethasone in separate phase II studies in the United States. As2O3 induces 
superoxide production while reducing glutathione levels, resulting in mitochondrial-
mediated apoptosis; 100 µmol/L ascorbic acid alone has little effect on multiple myeloma 
cells but decreases glutathione levels and thereby potentiates As2O3-mediated multiple 
myeloma cell death (Grad JM, Bahlis NJ, Reis I, Oshiro MM, Dalton WS, Boise LH. 
Ascorbic acid enhances arsenic trioxide-induced cytotoxicity in multiple myeloma cells. 
Blood 2001;98:805–13).  

The primary determinant of multiple myeloma cell sensitivity to As2O3 seems to be 
intracellular glutathione levels because elevated glutathione levels are associated with 
chemoresistance. In chemosensitive as well as refractory multiple myeloma cells, 
ascorbic acid depletes intracellular glutathione, increases hydrogen peroxide production, 
and potentiates As2O3-mediated disruption of mitochondrial membrane potential. 

Conversely, vitamin C protects HL60 leukemia cells and U266 multiple 
myeloma cells from As2O3 toxicity by decreasing intracellular reactive 
oxygen species (Karasavvas N, Carcamo JM, Stratis G, Golde DW. Vitamin C 
protects HL60 and U266 cells from arsenic toxicity. Blood 2005;105:4004–12).  

These paradoxical effects have been associated with differences in intracellular vitamin C 

concentrations.  

When considering the effect of these data on patient care, the biological functions and 
pharmacokinetics of vitamin C are an important consideration. Vitamin C is vital for 
collagen production and bile acid synthesis and aids in iron absorption. Most animals 

synthesize their own vitamin C within their liver, with the exception of fish, primates, and 
humans. Good sources of vitamin C in nature include fresh fruits and vegetables. 
Vitamin C is a water-soluble vitamin commonly added as an antioxidant to protect 
color and aroma of food. Daily intake of 100 mg of vitamin C will prevent scurvy for 
1 month.  

On a stable diet, human plasma levels of vitamin C range from 50 to 70 µmol/L; as doses 

exceed 200 mg, its absorption decreases, urinary excretion increases, and 
bioavailability is reduced (Graumlich JF, Ludden TM, Conry-Cantilena C, Cantilena LR, 
Jr., Wang Y, Levine M. Pharmacokinetic model of ascorbic acid in healthy male 
volunteers during depletion and repletion. Pharm Res 1997;14:1133–9).  

Plasma vitamin C concentration is completely saturated at oral doses of 400 mg daily, 
with a steady-state fasting plasma concentration of 80 to 100 µmol/L. At concentrations 



ranging from 62.5 to 500 µmol/L, vitamin C abrogates the ability of bortezomib to induce 
apoptosis and growth arrest with a vitamin C to bortezomib binding constant of 645 
µmol/L, close to the concentration of vitamin C (i.e., 500 µmol/L) that substantially 
inactivates bortezomib in cells. In cancer treatment, vitamin C at a dose of 1.25 g 

administered orally or intravenously produces mean peak plasma concentrations of 135 
or 900 µmol/L, respectively. Therefore, interactions between vitamin C and bortezomib 

may occur in the setting of simultaneous vitamin C administration only at 
supraphysiologic concentrations. Although the strongest inhibition of bortezomib by 
vitamin C was seen at 500 µmol/L, some inhibition was also observed at 125 µmol/L. 
(Velcade and Vitamin C: Too Much of a Good Thing? Laurence Catley and Kenneth C. 
Anderson. Clinical Cancer Research Vol. 12, 3-4, January 2006) 

I believe that this indicates that caution should be used in the administration of 
vitamin C in cancer patients, other than in megadoses, in which it may be acting as a 
prooxidant. 

 

 

1.5.2.6  Diet potentiates the UV-carcinogenic response to beta-carotene 

ß-Carotene, conversely, has no such effect on epidermal transmission, and, although its 
initially reported anticarcinogenic potential was based on the carotenoid’s specific 
capacity to quench singlet oxygen, scavenge oxy-radicals, and terminate free radical 
reactions, it actually exacerbates UV carcinogenesis under certain dietary conditions 
(Black, H. S., Okotie-Eboh, G. & Gerguis, J. (2000) Diet potentiates the UV-carcinogenic 
response to beta-carotene. Nutr. Cancer 37:173-178).  

ß-Carotene also may act as a prooxidant at high oxygen pressures and under oxidative 
stress conditions. Many strongly oxidizing species, especially peroxyl radicals, convert 
the carotenoid to the 1-electron oxidized form, i.e., the ß-carotene radical cation (Tinkler, 
J. H., Tavender, S. M., Parker, A. W., McGarvey, D. J., Mulroy, L. & Truscott, T. G. 
(1996) Investigation of carotenoid radical cations and triplet states by laser flash 
photolysis and time-resolved resonance Raman spectroscopy: observation of competitive 
energy and electron transfer. J. Am. Chem. Soc. 118:1756-1761).  

This radical cation exhibits a reduction potential of about 1000 mV and itself represents a 
strong oxidizing agent (Edge, R. & Truscott, T. G. (2000) The carotenoids—free radical 
interactions. Spectrum 3:12-20).  

Furthermore, depending on the microenvironment, it has a rather long lifetime, 
suggesting that if left unrepaired, the radical cation could inflict considerable damage on 
biological membranes. Formation of the radical cation could help explain the 
procarcinogenic action of supplemental ß-carotene, with respect to both UV 
carcinogenesis in mice and increased occurrence of lung cancer among smokers (The -



Tocopherol ß-Carotene Cancer Prevention Study Group (1996) 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). Based on the relative electron transfer rate constants for 
interaction between ß-carotene, -tocopherol (vitamin E) and ascorbic. 

However, either removing or increasing dietary vitamin C in ß-carotene–
supplemented semisynthetic diets did not affect the carotenoid’s 
exacerbation of UV carcinogenesis (Black, H. S. & Gerguis, J. (2003) Modulation of 
dietary vitamins E and C fails to ameliorate ß-carotene exacerbation of UV 
carcinogenesis in mice. J. Nutr. Cancer 45:36-45). Thus, combinations of antioxidants 
did not prevent beta carotene from causing cancer.  I believe that the quenching of 
singlet oxygen, a known tumoricidal agent and inducer of apoptosis, allows for 
cancer manifestation, which I discussed in detail in U.T.O.P.I.A. © 2004 Unified 
Theory of Oxygen Participation In Aerobiosis. Free Radical Publishing. 

Reducing the level of vitamin E in ß-carotene, supplemented semisynthetic diets 
further exacerbatated UV carcinogenesis, suggesting a vitamin E and ß-carotene 
interaction.  

In summary, the difficulties associated with antioxidant supplementation are exemplified 
by the different anti- or prooxidant reactions and anti- or procarcinogenic responses 
observed under physicochemical and physiological conditions, respectively. This 
illustrates some of the complexities that must be considered when supplementing the diet 
with one or more antioxidants and presents a paradox reflected in the complex relation 
between chemical mechanisms and biological modes of action of antioxidants. Recent 
clinical and experimental data suggest that antioxidant supplementation of the complex 
and intricately balanced natural antioxidant defense system as a cancer prevention 
strategy will demand extreme caution.  

1.5.2.7  Ascorbic acid, vitamin E or beta carotene do not improve CVD outcomes 

Randomized trials have largely failed to support an effect of antioxidant vitamins on 
the risk of cardiovascular disease (CVD). Few trials have examined interactions among 
antioxidants, and, to our knowledge, no previous trial has examined the individual effect 
of ascorbic acid (vitamin C) on CVD.  

Methods  The Women's Antioxidant Cardiovascular Study (WACS) tested the effects 
of ascorbic acid (500 mg/d), vitamin E (600 IU every other day), and beta carotene 
(50 mg every other day) on the combined outcome of myocardial infarction, stroke, 
coronary revascularization, or CVD death among 8171 female health professionals at 
increased risk in a 2 x 2 x 2 factorial design. Participants were 40 years or older with a 
history of CVD or 3 or more CVD risk factors and were followed up for a mean duration 
of 9.4 years, from 1995-1996 to 2005.  

Results  A total of 1450 women experienced 1 or more CVD outcomes. There was no 
overall effect of ascorbic acid (relative risk [RR], 1.02; 95% CI, 0.92-1.13 [P = .71]), 



vitamin E (RR, 0.94; 95% CI, 0.85-1.04 [P = .23]), or beta carotene (RR, 1.02; 95% CI, 
0.92-1.13 [P = .71]) on the primary combined end point or on the individual secondary 

outcomes of myocardial infarction, stroke, coronary revascularization, or CVD death. A 
marginally significant reduction in the primary outcome with active vitamin E was 
observed among the prespecified subgroup of women with prior CVD (RR, 0.89; 95% CI, 
0.79-1.00 [P = .04]; P value for interaction, .07). There were no significant interactions 
between agents for the primary end point, but those randomized to both active ascorbic 
acid and vitamin E experienced fewer strokes (P value for interaction, .03).  

Conclusion  There were no overall effects of ascorbic acid, vitamin E, or 
beta carotene on cardiovascular events among women at high risk for 
CVD (A Randomized Factorial Trial of Vitamins C and E and Beta Carotene in the 
Secondary Prevention of Cardiovascular Events in Women. Results From the Women's 
Antioxidant Cardiovascular Study. N.R. Cook et al. Arch Intern Med. 2007;167:1610-
1618). 

Comment: Consistent with prior randomized trials, this study failed to 
show an overall benefit from vitamin C, vitamin E, or beta carotene for 
prevention of cardiovascular events. Antioxidant vitamin supplements 
are heavily advertised as conferring cardiovascular benefit — a claim 
that patients should be told remains unproven. 

— Jamaluddin Moloo, MD, MPH 

Published in Journal Watch General Medicine September 27, 2007 

Pearls for Practice 

• Oxidative damage may play a role in the development of cardiovascular disease, 
particularly through its effect on lipid peroxidation and DNA damage. In addition, 
free radicals may damage arterial endothelium, encourage thrombosis, and alter 
vasomotor function.  

• There were no overall effects of vitamin C, vitamin E, or beta-carotene alone or in 
combination on cardiovascular events among women at high risk for 
cardiovascular disease 

However, this failed WACS study does not support the role of oxidation or EMODs 
in the causation of CVD.   
 
 
1.5.2.8  Theory of Making Up For An 'Inborn' Vitamin C Deficiency 
 
A new study appears to explain how humans, along with other higher primates, 
guinea pigs and fruit bats, get by with what some have called an "inborn metabolic 

http://general-medicine.jwatch.org/misc/board_about.dtl


error": an inability to produce vitamin C from glucose.  
 
Unlike the more than 4,000 other species of mammals who manufacture 
vitamin C, and lots of it, the red blood cells of the handful of vitamin C-defective 
species are specially equipped to suck up the vitamin's oxidized form, so-called L-
dehydroascorbic acid (DHA), the researchers report in the March 21, 2008 issue of 
Cell, a publication of Cell Press. Once inside the blood cells, that DHA--which is 
immediately transformed back into ascorbic acid (a.k.a. vitamin C)--can be efficiently 
carried through the bloodstream to the rest of the body, the researchers suggest.  I believe 
that this is simply redox cycling to promote electron and proton flow.  
 
"Evolution is amazing. Even though people talk about this as an 'inborn error'- a 
metabolic defect that all humans have - there is also this incredible manner in which 
we've responded to the defect, using some of the body's most plentiful cells," said Naomi 
Taylor of Université Montpellier I and II in France, noting that the body harbors billions 
of red blood cells. "[Through evolution], we've created this system that takes out the 
oxidized form of vitamin C and transports the essential, antioxidant form."  
 
Meanwhile, the red cells of other mammals apparently take up very little, if any, 
DHA, which might explain why they need to produce so much more vitamin C than we 
need to get from our diets, Taylor said. The recommended daily dose of vitamin 
C for humans is just one mg/kg, while goats, for example, produce the 
vitamin at a striking rate of 200 mg/kg each day.   Incidentally, I found that 
skin cancer is fairly common in goats.  Ergo, vitamin C does not prevent skin cancer in 
goats.  Also, goats are used as a study model for the development of plaque formation 
following dietary supplement of cholesterol. 
 
In essence, the red cells of animals that can't make vitamin C recycle what little they've 
got. Earlier studies had described the recycling process, Taylor said. "Our contribution to 
the whole story is to show that this process of recycling exists specifically in mammals 
that don't make vitamin C."  
 
Scientists knew that the protein called Glut1, found in the membranes of cells throughout 
the body, is the primary transporter of glucose. They also knew that Glut1 can transport 
DHA too, thanks to the structural similarities between the two molecules. In biochemical 
assays, it appeared that the glucose transporter would move glucose and DHA 
interchangeably.  
 
But, in the new study, Taylor's group made a surprising discovery: The Glut1 on human 
red blood cells strongly favors DHA over glucose. In fact, the human blood cells are 
known to carry more Glut1 than any other cell type, harboring more than 200,000 
molecules on the surface of every cell. Nevertheless, the researchers found, as red blood 
cells develop in the bone marrow, their transport of glucose declines even as Glut1 
numbers skyrocket.  
 
The key to the glucose transporters switch to DHA, they show, is the presence of another 



membrane protein called stomatin. (Accordingly, in patients with a rare genetic disorder 
of red cell membrane permeability wherein stomatin is only present at low levels, DHA 
transport is decreased by 50% while glucose uptake is significantly increased, they 
report.)  
 
Then, another surprise: The researchers found that the red cells of mice, a species that 
can produce vitamin C, don't carry Glut1 on their red blood cells at all. They carry 
Glut4 instead. They suspected that the differences in human red blood cells might be 
linked to our inability to synthesize the reduced form of DHA, vitamin C, from glucose. 
In fact, they confirmed Glut1 expression on human, guinea pig and fruit bat red blood 
cells, but not on any other mammalian red cells tested, including rabbit, rat, cat, dog and 
chinchilla. Next, they took a closer look at primates. Primates belonging to the 
Haplorrhini suborder (including prosimian tarsiers, new world monkeys, old world 
monkeys, humans and apes) have lost the ability to synthesize vitamin C, whereas 
primates in the Strepsirrhini suborder (including lemurs) are reportedly able to produce 
this vitamin, Taylor explained.  
 
Notably, they detected Glut1 on all tested red blood cells of primates within the higher 
primate group, including long-tailed macaques, rhesus monkeys, baboons and magot 
monkeys. In marked contrast, Glut1 was not detected on lemur red blood cells. Moreover, 
they report, although DHA uptake in human and magot red cells was similar, the level of 
transport in cells from three different lemur species was less than 10% of that detected in 
higher primates.  
 
"Red blood cell-specific Glut1 expression and DHA transport are specific traits of 
the few vitamin C-deficient mammalian species, encompassing only higher primates, 
guinea pigs and fruit bats," the researchers concluded. "Indeed, the red cells of adult 
mice do not harbor Glut1 and do not transport DHA. Rather, Glut4 is expressed on their 
cells. Thus, the concomitant induction of Glut1 and stomatin during red blood cell 
differentiation constitutes a compensatory mechanism in mammals that are unable to 
synthesize the essential ascorbic acid metabolite, otherwise known as vitamin C.                  
 
1.5.2.9  Multivitamin use may increase risk of prostate cancer 

Multivitamin supplements are used by millions of Americans because of their potential 
health benefits, but the relationship between multivitamin use and prostate cancer is 
unclear.  

Methods: They prospectively investigated the association between multivitamin use and 
risk of prostate cancer (localized, advanced, and fatal) in 295,344 men enrolled in the 
National Institutes of Health (NIH)–AARP Diet and Health Study who were cancer free 

at enrollment in 1995 and 1996. During 5 years of follow-up, 10241 participants were 
diagnosed with incident prostate cancer, including 8765 localized and 1476 advanced 
cancers. In a separate mortality analysis with 6 years of follow-up, 179 cases of fatal 

prostate cancer were ascertained. Multivitamin use was assessed at baseline as part of a 
self-administered, mailed food-frequency questionnaire. Relative risks (RRs) and 95% 



confidence intervals (CIs) were calculated by use of Cox proportional hazards regression, 
adjusted for established or suspected prostate cancer risk factors.  

Results: No association was observed between multivitamin use and risk of localized 
prostate cancer. However, we found an increased risk of advanced and fatal prostate 
cancers (RR = 1.32, 95% CI = 1.04 to 1.67 and RR = 1.98, 95% CI = 1.07 to 3.66, 
respectively) among men reporting excessive use of multivitamins (more than seven 
times per week) when compared with never users. The incidence rates per 100000 
person-years for advanced and fatal prostate cancers for those who took a multivitamin 
more than seven times per week were 143.8 and 18.9, respectively, compared with 113.4 

and 11.4 in never users. The positive associations with excessive multivitamin use were 
strongest in men with a family history of prostate cancer or who took individual 
micronutrient supplements, including selenium, -carotene, or zinc.  

Conclusion: These results suggest that regular multivitamin use is not associated 

with the risk of early or localized prostate cancer. The possibility that men taking 
high levels of multivitamins along with other supplements have increased risk of 
advanced and fatal prostate cancers is of concern and merits further evaluation 
(Multivitamin Use and Risk of Prostate Cancer in the National Institutes of Health–
AARP Diet and Health Study. Karla A. Lawson, Margaret E. Wright, Amy Subar, Traci 
Mouw, Albert Hollenbeck, Arthur Schatzkin, Michael F. Leitzmann. JNCI Journal of the 
National Cancer Institute 2007 99(10):754-764). 
 
1.5.3.0  Beta carotene increases risk for prostate cancer and lycopene has no effect 

Reports from several studies have suggested that carotenoids, and in particular lycopene, 
could be prostate cancer–preventive agents. This has stimulated extensive laboratory and 
clinical research, as well as much commercial and public enthusiasm. However, the 
epidemiologic evidence remains inconclusive.  

Materials and Methods: We investigated the association between prediagnostic serum 
carotenoids (lycopene, -carotene, ß-carotene, ß-cryptoxanthin, lutein, and zeaxanthin) 
and risk of prostate cancer in the Prostate, Lung, Colorectal, and Ovarian Cancer 
Screening Trial, a multicenter study designed to examine methods of early detection and 
risk factors for cancer. The study included 692 incident prostate cancer cases, diagnosed 1 
to 8 years after study entry, including 270 aggressive cases, with regional or distant stage 
(n = 90) or Gleason score 7 (n = 235), and 844 randomly selected, matched controls. As 
study participants were selected from those who were assigned to annual standardized 
screening for prostate cancer, results are unlikely to be biased by differential screening, a 
circumstance that is difficult to attain under non–trial conditions.  

Results: No association was observed between serum lycopene and total prostate cancer 
[odds ratios (OR), 1.14; 95% confidence intervals (95% CI), 0.82-1.58 for highest versus 
lowest quintile; P for trend, 0.28] or aggressive prostate cancer (OR, 0.99; 95% CI, 0.62-
1.57 for highest versus lowest quintile; P for trend, 0.433). ß-Carotene was associated 
with an increased risk of aggressive prostate cancer (OR, 1.67; 95% CI, 1.03-2.72 for 



highest versus lowest quintile; P for trend, 0.13); in particular, regional or distant stage 
disease (OR, 3.16; 95% CI, 1.37-7.31 for highest versus lowest quintile; P for trend, 
0.02); other carotenoids were not associated with risk.  

Conclusion: In this large prospective study, high serum ß-carotene 

concentrations were associated with increased risk for aggressive, 
clinically relevant prostate cancer. Lycopene and other carotenoids were 
unrelated to prostate cancer. Consistent with other recent publications, these results 
suggest that lycopene or tomato-based regimens will not be effective for prostate 
cancer prevention.  

(Serum Lycopene, Other Carotenoids, and Prostate Cancer Risk: a Nested Case-Control 
Study in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. Ulrike 
Peters et al. Cancer Epidemiol Biomarkers Prev 2007;16(5):962–8) 

1.5.3.1  Segal argues against the free radical theory 

GLOBAL MEDICAL ORTHODOXY could be poised for upheaval, if the 
arguments of researchers at University College London (UCL) gain momentum. 
 
A new paper questions the fundamental basis of 30 years of major research into the 
treatment of diseases including cancer, arthritis and radiation sickness. The role played 
by oxygen free radicals in the development of a number of diseases is called into 
question by the UCL team in a paper published in Nature.  Current orthodoxy holds 
that an excess of oxygen free radicals atoms or groups of atoms produced by white blood 
cells is responsible for the development of conditions such as arthritis, arteriosclerosis 
and many others, including cancer.  
 
Since the 1970s, medical practice and the pharmaceutical industry have sought to develop 
drugs to stop the production of free radicals and mop them up with antioxidants 
(substances capable of preventing the oxidation of organic molecules) as part of the 
process of treating such diseases.  Following extensive study, the UCL paper 
categorically discounts the primary evidence upon which this theory is based, and 
suggests that instead research needs to focus on other potential treatments.  
 
Specifically it says treatments should move towards the regulation of enzymes released 
from neutrophil leukocytes, the most numerous of the white blood cells. "White blood 
cells produce oxygen free radicals, and the process by which they do so is essential 
for the efficient killing of microbes," says Dr Tony Segal of the Centre for Molecular 
Medicine within UCL’s Department of Medicine, one of the authors of the research.  
 
"However, people in whom this process is defective are prone to severe, chronic and 
often fatal infections. "This fact has led to the presumption that the oxygen free radicals 
themselves are highly toxic, and that if they can kill organisms as tough as bacteria and 
fungi they can also damage human tissues.  
 



"Free radicals are believed to be promoted by many agents, including smoking and 
atmospheric pollutants and smoking, and have been implicated in the production of 
conditions that include cancer, arthritis, arteritis many other conditions caused by an 
initial inflammation in which these neutrophil leukocytes accumulate. "However, our 
work shows that the basic theory underlying the toxicity of oxygen 
radicals is flawed. Tens, if not hundreds, of millions of pounds (dollars) have been 
misspent by the pharmaceutical industry in chasing the red herring of the involvement of 
oxygen free radicals in the causation of many diseases.  
 
"Many patients might be using expensive antioxidant drugs based upon completely 
invalid theories as to their therapeutic potential. All the theories relating to their causation 
of disease by oxygen free radicals, and the therapeutic value of antioxidants must, at the 
very least, be re-evaluated". 
 
There is wide consensus that eating foods rich in antioxidants, such as fruit and 
vegetables, plays a significant part in a healthy diet. However, major studies to test the 
benefits of antioxidants taken as supplements to prevent illness have shown 
disappointing results, a situation which appears to bear out the new UCL research.  
 
At least two US studies published in 2001 suggested that antioxidant supplements 
interfere with the protective action of cholesterol-lowering drugs. Researchers around the 
world will be examining the new study very closely. (Nature. 26 February 2004 ,vol 427, 
no 6977, p853). 

1.5.3.2  Common vitamins no help for women's hearts 

Middle-aged women at risk for heart disease received little benefit from taking 
vitamins C, E or beta carotene, researchers said on 8/13/07.  Though vitamin 
supplements provided no heart benefit, eating a diet rich in those vitamins does make 
for healthier heart, their study noted. 

Experts (errroneously) believe a nutritious diet rich in these vitamins protect the body's 
cardiovascular system by counteracting compounds known as "free radicals." These 
harmful compounds build up in the body and can (allegedly) damage artery linings, 
encourage blood clots and alter the function of blood vessels. 

"Single antioxidants (vitamins) may not reflect the complex vitamins and nutrients found 
in foods, which may explain the discrepancies between most intervention trials and 
studies of fruits and vegetables," wrote study author Nancy Cook of Brigham and 
Women's Hospital and Harvard Medical School in Boston.  "While additional 
research into combinations of agents, particularly for stroke, may be of interest, 
widespread use of these individual agents for cardiovascular protection does not 
appear to be warranted," she concluded. 



Among the more than 8,000 women, average age 61, involved in the study only a 
combination of vitamins C and E conferred a slightly lower risk of stroke compared to 
placebos. 

The participants were tracked for roughly nine years for fatal heart disease, heart 
attacks, strokes and heart-related surgery, the study published in the Archives of Internal 
Medicine said. Heart disease is the leading cause of death in the industrialized world. 

"Do we expect these supplements to reverse 30 years of heart disease? Of course they 
won't," said Andrew Shao of the Council for Responsible Nutrition, a trade group for the 
industry that produces $20 billion in U.S. states annually. 

"But studies show that supplementation with modest amounts of antioxidants over a long 
period of time, 10 years or more, (produces) modest benefits," he said. "They're subtle, as 
should be expected when you're talking about nutrients and not pharmaceuticals," or 
prescription drugs. I believe that this statement is completely wrong. 

Importantly, the study showed taking the supplements did not harm the women, Shao 
said, as some recent research has suggested based on deaths from all causes. 

The women consumed either 500 milligrams of ascorbic acid (vitamin C) every day, 600 
international units of vitamin E every other day, or 50 milligrams of beta carotene every 
other day. Some consumed more than one. 

1.5.3.3  Antioxidant Supplements May Raise Women's Skin Cancer Risk 

Taking antioxidant supplements won't protect against skin cancer and may actually 
boost the risk, at least in women, according to a new French study.  "Taking into 
consideration our results, we are particularly concerned by the use of long-term 
supplementation, notably in sun-seekers and people wanting to look tanned [using 
beta-carotene]," said researcher Dr. Serge Hercberg, professor of nutrition at the 
Medical University of Paris, as reported by Kathleen Doheny on Aug. 20, 2007 in 
HealthDay News. 

The new findings come on the heels of a study, published in mid-August in the Archives 
of Internal Medicine, that found that antioxidants don't prevent heart disease 
risk in high-risk women.  In the new French study, published in the September 
2007 issue of The Journal of Nutrition, Hercberg's team looked at the effects of 
antioxidant doses on skin cancer. The research was conducted as part of a larger study 
that looked at the effects of antioxidants on cancer and ischemic heart disease. 

Antioxidant nutrients are thought to reduce disease risk by cutting down on the unhealthy 
effects of "free radical" molecules that damage cells.  I have shown that this is an 
erroneous premise.  



The researchers assigned almost 7,900 women and more than 5,100 men to take either 
an oral daily capsule of antioxidant or a placebo that looked the same. The antioxidants 
included 120 milligrams of vitamin C, 30 milligrams of vitamin E, 6 milligrams of 
beta-carotene, 100 micrograms of selenium and 20 milligrams of zinc.  "They are not 
high doses," Hercberg said. "They are at a level below a lot of pills you can find to buy 
over the counter."  

The men and women were followed for about 7.5 years. In that time, 157 cases of any 
form of skin cancers were reported, including 25 melanomas, the most deadly form.  The 
team found that, in women, the incidence of all types of skin cancer 
combined was actually higher in the antioxidant group, and so was their 
incidence of melanoma.  

But the incidence of non-melanoma skin cancers, when evaluated separately, did not 
differ between the antioxidant and placebo groups in men or women. In men, there 
was no difference in any form of skin cancer (including melanoma) between the two 
groups. Thus, antioxidant vitamins were ineffective and did not reduce the incidence 
of cancer in either case. 

In the antioxidant group, 51 women developed skin cancer, while 30 in the placebo 
group did. Among the men, 43 in the placebo group and 33 in the antioxidant group got 
skin cancers.  As for melanoma, the incidence did not differ significantly between the 
men's treatment group -- 6 in the placebo group and 3 in the antioxidant group got it. But 
3 women on placebo and 13 on antioxidants got melanoma -- a significant difference, 
the researchers said. 

Antioxidant studies have yielded mixed results, Hercberg stressed. For example, in 
previous studies, researchers saw a higher risk of lung cancer in heavy smokers who 
regularly took high doses of beta-carotene. 

Studies have suggested that antioxidant supplements might protect against prostate cancer 
incidence in men with low blood levels of prostate specific antigen (PSA), Hercberg said. 
But research has also suggested that the nutrients might increase 
prostate cancer risk in men with a high PSA. PSA levels are a marker for pre-
existing prostate cancer risk. 

That could also be happening in the women who got more skin cancers after taking 
antioxidants, he theorized. If their skin cancer had already been developing, taking an 
antioxidant might not help, Hercberg speculated. 

While the study is interesting, further research is needed to confirm it, said Dr. Ariel 
Ostad, a spokesman for the Skin Cancer Foundation and a New York City dermatologist 
not involved in the study.  He said the study did have one serious limitation. "It does not 
take into account sunscreen use," he said. If the participants tended not to use sunscreen, 
that could have affected the results.  Meanwhile, Ostad added, taking care in the sun is 
important, and "sunscreens are by far the most powerful" weapon to prevent skin cancers. 



I believe that this is just one more important study which shows the harmful 
potential of antioxidant vitamins.   

1.5.3.4  Prostate cancer may be increased by multivitamins 

Doctors are investigating a possible link between heavy multivitamin use and the 
most serious types of prostate cancer, according to an article in the 5/15/07 issue of the 
Journal of the National Cancer Institute.  

Researchers followed 295,344 men. Men who reported taking multivitamins 
more than seven times a week had a slightly greater risk of advanced or 
fatal prostate tumors. If doctors followed 10,000 men for 10 years, there would be 
about 30 extra cases of advanced prostate cancer and seven or eight extra cases of fatal 
prostate cancer associated with heavy supplement use, says lead author Michael 
Leitzmann of the NCI. 

Authors found no increase in the risk of early prostate tumors among heavy vitamin 
users. They also found no heightened risk among men who took only one vitamin a day, 
Leitzmann says. He stressed the study was not designed to prove that vitamins affect 
cancer risk. To prove that, scientists would have to randomly assign half of patients to 
take supplements and half of men to follow some other regimen. 

Vitamin users should be cautious about taking more than the recommended daily 
allowance, he says. 

Victoria Stevens of the American Cancer Society says the report confirms her 2005 
study on vitamins and prostate cancer. A February 2007 study in The Journal of the 
American Medical Association found vitamins A and E and beta carotene pills have 
no health benefits and may increase the risk of death. "There certainly is no 
evidence in healthy, relatively well-nourished people that vitamins or anti-oxidants 
protect against chronic diseases," Stevens says.  

This is consistent with conclusions drawn on nearly one million subjects, who took 
antioxidant vitamins, and showed increased risk for cancer, strokes and heart 
disease. 

1.5.3.5  Regular multivitamins increase prostate cancer death rates 

The following is an abstract of the use of multivitamins and prostate cancer 
mortality in a large cohort of US men. 

Objective: To assess the association between the use of multivitamins and prostate cancer 
mortality.  
Methods: A total of 5585 deaths from prostate cancer were identified during 18 years of 
follow-up of 475,726 men who were cancer-free and provided complete information on 
multivitamin use at enrollment in the Cancer Prevention Study II (CPS-II) cohort in 



1982. Cox proportional hazards modeling was used to measure the association between 
multivitamin use at baseline and death from prostate cancer and to adjust for potential 
confounders.  
Results: The death rate from prostate cancer was marginally higher among men who took 
multivitamins regularly ( 15 times/month) compared to non-users (multivariate rate 
ratio=1.07, 95% CI: 0.99–1.15); this risk was statistically significant only for those 
multivitamin users who used no additional (vitamin A, C, or E) supplements (multivariate 
rate ratio=1.15, 95% CI: 1.05–1.26). In addition, risk was greatest during the initial four 
years of follow-up (1982–1986, multivariate rate ratio=1.12, 95 CI: 0.87–1.46).  

Conclusions: Regular multivitamin use was associated with a small 
increase in prostate cancer death rates in our study, and this association was 
limited to a subgroup of users (Stevens, Victoria; McCullough, Marjorie; Diver, 
W.; Rodriguez, Carmen; Jacobs, Eric; Thun, Michael; Calle, Eugenia. Use of 
multivitamins and prostate cancer mortality in a large cohort of US men. Cancer Causes 
and Control, Volume 16, Number 6, August 2005, pp. 643-650(8) Publisher: Springer). 

 
 
1.5.3.6 Tomatoes (lycopene) fail as prostate cancer preventive  
5/18/07 

A new study suggests that eating lycopene-rich tomatoes offers no protection 
against prostate cancer, contrary to the findings of some past studies. In fact, the 
researchers found an association between beta carotene, an antioxidant 
related to lycopene, and an increased risk of aggressive prostate cancer. 

In a written statement, Dr. Ulrike Peters of the Fred Hutchinson Cancer Research Center 
in Seattle said the finding is "disappointing, since lycopene might have offered a simple 
and inexpensive way to lower prostate cancer risk for men concerned about this common 
disease. Unfortunately, this easy answer just does not work." 

It's thought that antioxidants may help shield against cancer and heart disease by 
neutralizing harmful molecules known as oxygen free radicals. But studies to date on the 
role of lycopene in prostate cancer have been mixed; some suggest a protective effect, 
while others yield contradictory or inconclusive results. 

The current study involved 28,243 men between the ages of 55 and 74 with no history of 
prostate cancer who were enrolled in the Prostate, Lung, Colorectal, and Ovarian 
(PLCO) Cancer Screening Trial. As part of the trial, the men provided a blood sample 
and completed a questionnaire related to their health, diet and lifestyle. 

During follow-up of up to 8 years, 692 men developed prostate cancer, and were 
matched to 844 men who were free of prostate cancer. 

http://www.ingentaconnect.com/content/klu/caco;jsessionid=37iji65cdqrie.henrietta
http://www.ingentaconnect.com/content/klu/caco;jsessionid=37iji65cdqrie.henrietta
http://www.ingentaconnect.com/content/klu;jsessionid=37iji65cdqrie.henrietta


Data analysis failed to show any significant difference in blood lycopene levels 
between men who developed the disease and those who did not. "Our results do not 
offer support for the benefits of lycopene against prostate cancer," Peters said. 

The study, published in the current issue of Cancer Epidemiology, Biomarkers & 
Prevention, is one of the largest to evaluate the role of blood levels of lycopene and 
similar antioxidants in preventing prostate cancer. 

Unexpectedly, the investigators noted an association between an 
increased risk of aggressive prostate cancer -- defined as disease that 
has spread beyond the prostate -- and higher intake of beta carotene, 
another antioxidant found in many vegetables and commonly used as a 
dietary supplement. 

Although this observation "may be due to chance," Peters added, "beta carotene is 
already known to increase the risk of lung cancer and cardiovascular disease in smokers." 

"While it would be counter-productive to advise people against eating carrots and leafy 
vegetables, I would say to be cautious about taking beta carotene supplements, 
particularly at high doses, and consult a physician," Peters said. 

Funding for this study was provided through the National Cancer Institute and the U.S. 
Department of Health and Human Services. 

SOURCE: Cancer Epidemiology, Biomarkers and Prevention, May 2007. 

This failure of lycopene was predicted by my past work and emphasizes the dangers 
of antioxidants in blocking apoptosis and promoting cancer development and 
growth. 

1.5.3.7  FDA: Tomatoes (lycopene) unlikely to lower cancer risk 

The US Food and Drug Administration (FDA) is explaining its stance on the cancer-
fighting potential of tomatoes and lycopene, the compound that gives tomatoes their red 
color. The FDA says there is "no credible evidence" that lycopene 
reduces the risk of cancer, and only "very limited credible evidence" that 
tomatoes and tomato sauce do.   

That doesn't mean you should take tomatoes off your shopping list, though. The 
American Cancer Society still recommends eating a wide variety of colorful fruits and 
vegetables every day, and tomatoes definitely fit that bill, says Colleen Doyle, MS, RD, 
American Cancer Society director of nutrition and physical activity.  Rather, the FDA 
judgments affect the cancer-related claims that food or supplement companies can 
put on their products. None are allowed for lycopene, and only a few carefully 
worded claims are allowed for tomatoes and tomato products. 

http://us.lrd.yahoo.com/_ylt=AjxOxox7n0LDhjRNJA4ARnIqLcsF/SIG=139geg19c/**http%3a/www.cancer.org/docroot/PED/content/PED_3_2x_Sample_Menu_to_Include_5_A_Day.asp%3fsitearea=PED
http://us.lrd.yahoo.com/_ylt=AjxOxox7n0LDhjRNJA4ARnIqLcsF/SIG=139geg19c/**http%3a/www.cancer.org/docroot/PED/content/PED_3_2x_Sample_Menu_to_Include_5_A_Day.asp%3fsitearea=PED


In a report published in this week's (7/11/07) Journal of the National Cancer Institute, 
agency scientists describe how they came to their conclusions. 

Scores of Studies Considered -- and Rejected 

The FDA review was prompted by requests the agency received in 2004 from companies 
that wanted to put cancer-related health claims on their tomato or lycopene products. The 
companies asked the FDA to review the evidence linking these compounds to lower risks 
of several cancers including prostate, lung, colorectal, stomach, breast, cervical, 
endometrial, ovarian, and pancreatic cancer. 

Numerous studies have examined the issue. The FDA considered scores of these 
studies -- and rejected most of them.  

The rejected studies were not included in the evidence review because the FDA found 
flaws in the design or because the studies did not provide enough information for FDA 
scientists to draw conclusions. 

Of 81 studies of lycopene and cancer, all were excluded from the review for these 
reasons. One major problem the FDA cited: In studies of diet, it's too difficult to 
determine the effect of a single nutrient -- in this case lycopene -- when so many 
others may also be at play. As a result, the agency determined there was no 
credible evidence to support a link between lycopene in any form (as a 
supplement or as part of food) and a lower risk of any of the cancers it 
considered. 

Of 64 studies on tomatoes or tomato products and cancer, only 39 were deemed strong 
enough to be included in the FDA review. The agency found no credible 
evidence, based on these studies, to support the idea that tomatoes or 
tomato products lower the risk of lung, breast, colorectal, endometrial, 
or cervical cancer. 

The FDA found what it called "very limited credible evidence" linking these foods 
to lower risk of pancreatic, ovarian, and stomach cancer. The evidence was so sparse, 
however, that the agency says it's unlikely that eating tomatoes can lower 
the risk of ovarian and stomach cancer, and highly unlikely that the 
food affects pancreatic cancer risk. 

The evidence for prostate cancer was slightly better, but still "limited," the JNCI report 
says. The agency identified 2 large, prospective studies that did show a reduced risk, but 
also several smaller studies that had mixed results. The agency therefore decided that 
there is a "very low level of comfort that a relationship exists between the 
consumption of tomatoes and/or tomato sauce and prostate cancer risk." 

http://us.lrd.yahoo.com/_ylt=AjC1022Lml288ma.OsdZ7AIqLcsF/SIG=125bcf00l/**http%3a/www.cancer.org/docroot/CRI/CRI_2x.asp%3fsitearea=%26dt=34


In an editorial published along with the report, the lead author of one of those positive 
prostate cancer studies says the FDA's conclusions shouldn't discourage future research 
into the prostate cancer-preventing potential of tomatoes and lycopene.  

Edward Giovannucci, MD, ScD, of the Harvard School of Public Health, says the FDA's 
review could not account for the effect of PSA testing on prostate cancer detection rates, 
or for potentially protective effects tomatoes and lycopene may have on more advanced 
forms of prostate cancer.  "This area of research remains promising," he writes. 

The FDA's report highlights the fact that a single food isn't likely to be a magic bullet 
against cancer, says Doyle. 

"What has been linked to a reduced risk [of cancer] is an overall healthy diet that includes 
a variety of fruits and vegetables," she stresses.  

"Choose fruits and vegetables with the most color, like broccoli, tomatoes, cantaloupe, 
and deep green leafy vegetables like kale," Doyle advises. "These are packed with 
nutrients and other plant chemicals that have been associated with a lower risk of cancer 
and other diseases." 

Another reason to keep the crisper stocked: Fruits and veggies are low-cal, so eating them 
won't add inches to your waistline. Keeping your weight in check is one of the most 
important ways to lower your cancer risk, Doyle says. 

Citation: "The US Food and Drug Administration's Evidence-Based Review for 
Qualified Health Claims: Tomatoes, Lycopene, and Cancer" Published in the July 18, 
2007 Journal of the National Cancer Institute (Vol. 99, No. 14: 1074-1085). First author: 
Claudine J. Kavanaugh, PhD, MPH, RD, Center for Food Safety and Nutrition, US Food 
and Drug Administration. 

"Does Prostate-Specific Antigen Screening Influence the Results of Studies of Tomatoes, 
Lycopene, and Prostate Cancer Risk?" Published in the July 18, 2007, Journal of the 
National Cancer Institute (Vol. 99, No. 14: 1060-1062). First author: Edward 
Giovannucci, MD, ScD, Harvard School of Public Health.  

1.5.3.8  Fruits, veggies increase carotenoids but do not stop breast cancer return 

Hopes that a diet low in fat and chock-full of fruits and vegetables could prevent the 
return of breast cancer were dashed 7/17/07 by a large, seven-year experiment in more 
than 3,000 women.  The FDA government study found no benefit from a mega-
veggies-and-fruit diet over the U.S. recommended servings of five fruits and 
vegetables a day — more than most Americans get. 

Researchers noted that none of the breast cancer survivors lost weight on either diet. That 
led some experts to suggest that weight loss and exercise should be the next frontier for 
cancer prevention research. The study appears in Wednesday's Journal of the American 



Medical Association. I believe that both weight loss and exercise would effectively 
increase EMOD levels and aid in cancer prevention or recurrence. 

"It sends us back to the drawing board," said Susan Gapstur of Northwestern University's 
Feinberg School of Medicine, who wasn't involved in the new study but co-wrote an 
accompanying editorial in the journal.  "Should we really have focused on dietary 
components like fruits, vegetables and fat?" Gapstur asked. "Or should we be focusing, in 
addition to diet, on lifestyle factors including physical activity and weight?" I believe 
that the prior erroneous work with antioxidants misled us to believe that fruits and 
vegetables were going to be effective in cancer prevention and return. This was 
based on the failed free radical theory. 

For now, the message for the 2.4 million breast cancer survivors in the United States 
is that they don't need to go overboard on veggies, researchers said.  "This should really 
lift some of the guilt if women are feeling, 'I'm just not doing enough,'" said study co-
author Marcia Stefanick of Stanford University. 

The research was kicked off by a $5 million grant from the late Wal-Mart heir John 
Walton and got an additional $30 million in support from the National Cancer Institute. 
Walton wanted to support a scientific study so cancer survivors wouldn't have to "rely on 
folklore," said John Pierce, head of cancer prevention at University of California, San 
Diego, who led the research. 

Earlier research on whether a healthy diet prevents breast cancer has shown mixed 
results. The new study was designed to be more rigorous. In this experiment, all the 
women had been successfully treated for early stage breast cancer. Their average age was 
53 when the study began. 

A group of 1,537 women were randomly assigned to a daily diet that included five 
vegetable servings, three fruit servings, 16 ounces of vegetable juice and 30 grams of 
fiber. In most cases, a serving equaled a half-cup. French fries and iceberg lettuce 
couldn't be counted as vegetables.  The women were allowed to eat meat, but were told to 
get no more than 15 percent to 20 percent of their calories from fat, a goal they ultimately 
were unable to achieve. "That's a tough diet," said Pierce, who ate that way himself along 
with his staff and the women in the study. 

As a comparison, another 1,551 women were assigned to get educational materials about 
the importance of eating five servings of fruits and vegetables a day.  The women in both 
groups kept food diaries regularly, but not daily, through the course of the study. 

During the next seven years, the cancer returned in about the same 
proportion of women in both groups: 256 women (16.7 percent) of the women 
on the special diet and 262 women (16.9 percent) in the comparison group. About 10 
percent of both groups died during that time, most of them from breast cancer. 



It didn't matter whether the breast cancer was the most common type — fueled by 
hormones — or not; the special diet didn't prevent the cancer from coming back. 
Those results run counter to a previous study by different researchers that suggested low-
fat diets may help prevent the return of the type of breast cancer that is not linked to 
hormones.  

In the mega-veggies group, the women changed their eating habits substantially, mostly 
by increasing fruits and vegetables to as much as 11 servings a day. They failed to meet 
the fat target, but did eat 13 percent less in fat calories than did the comparison group.  

After one year, women on the high-vegetable diet had 73 percent higher 
blood levels of carotenoids (pigments found in fruits and vegetables) 
than the other women. That indicates they were truthful about how many fruits and 
vegetables they ate, Pierce said.  

But they may not have been so honest about the calories they ate. The super-veggie group 
gained 1.3 pounds and the comparison group gained 0.88 pound, on average. This study 
was reported by Carla K. Johnson, Associated Press Writer. 

The sense that breast cancer is increasing isn't necessarily wrong. The absolute number 
of women with cancer is rising as the huge baby boom generation ages. But the rate 
of new cases — the percentage of women with breast cancer — dropped after 2001, 
following years of rapid run-up. In the 1980s and 1990s, as mammograms were 
introduced, the numbers went up; of course, the more breast cancer you look for, the 
more you find. The number has stopped ballooning now that mammograms are accessible 
to nearly all women who want them. 
 
Reduction in the widespread use of long-term hormone replacement therapy also may 
have slowed the increase in tumors.  Pesticides, plastics and cosmetics cause breast 
cancer. These all have the same basis. It is well established that estrogen is 
related to breast cancer. Many chemicals found in the environment — 
organochlorides, parabens — have estrogen-like effects on breast cancer cells grown in 
petri dishes. Scientists then rightly postulate that exposure to these potential carcinogens 
might explain some of the increase in breast cancer. 

Maintaining a healthy weight after menopause helps too, because fat is a source of 
estrogen, and therefore increases risk. 

Much research money has been well spent on improved treatments for cancer and 
CVD, but we also need research to figure out the cause. Next time you read a 
erroneous headline, let it fuel your energy and anger rather than your fear. Get 
involved and demand more than hypotheses or SWAGs. Demand the right questions 
and the right studies to eradicate these diseases once and for all. 

1.5.3.9  Doubts cast on antioxidant vitamins 



Antioxidant vitamins, including A, E, and C, don't help you live longer, according to an 
analysis of dozens of studies of these popular supplements. The new review showing no 
long-life benefit from those vitamins, plus beta carotene and selenium, adds to 
growing evidence questioning the value of these supplements. 

An estimated 80 million to 160 million people take antioxidants in North America and 
Europe, about 10 to 20 percent of adults, the study's authors said. And last year, 
Americans spent $2.3 billion on nutritional supplements and vitamins at grocery stores, 
drug stores, and retail outlets, excluding Wal-Mart, according to Information Resources 
Inc., which tracks sales. 

The new study, appearing in today's Journal of the American Medical Association, was 
led by the Cochrane Hepato-Biliary Group at Copenhagen University Hospital in 
Denmark. The Cochrane organization is a respected international network of specialists 
that conducts systematic reviews of scientific evidence on health interventions. 

For the new report on antioxidants, the researchers first analyzed 68 studies involving 
232,606 people and found no significant effect on mortality -- neither good nor bad -- 
linked to taking antioxidants. When they eliminated the lower-quality studies and looked 
only at the most trustworthy ones, they actually found a higher risk of death 
for people taking vitamins: 4 percent for those taking vitamin E, 7 
percent for beta carotene, and 16 percent for vitamin A. The actual cause of 
death in most studies was unknown, however. I believe that the increased deaths are 
due to an overall EMOD insufficiency. 

Those findings are based on an analysis of 47 studies involving 180,938 people who were 
randomly assigned to get real vitamins or dummy pills. Some involved superdoses far 
exceeding the recommended daily amount of the compounds; others involved normal 
doses. 

Some specialists who reviewed the research were dismissive of the increased death risk 
and the analysis overall, saying it pooled studies that were too diverse. However, the 
study's senior author, Dr. Christian Gluud of Copenhagen University Hospital, said, 
"The main message is that prevention by beta carotene, vitamin A, and 
vitamin E cannot be recommended. These three antioxidant 
supplements may increase mortality." 

Gluud said most of the studies didn't reveal why those taking supplements died, but "in 
all likelihood, what they died from is what people normally die from, maybe accelerated 
atherosclerosis, maybe cancer." This supports my proposals in my books on 
cardiovascular disease and on cancer and their relationship to EMOD levels.  
Antioxidant vitamins decrease protective EMOD levels and allow cancer and 
atherosclerosis to manifest themselves.   



This helped lead to my developing the “Reactive Oxygen Species Insufficiency 
syndrome (ROSI):  The ROSI Syndrome of Howes.” 

Antioxidant supplements have been tested repeatedly by many clinical trials with no 
consistent clear evidence for their health effects, Gluud said. "We have had this huge 
industry really wanting to demonstrate an intervention effect that has gone to lengths to 
do so," Gluud said. "Sadly enough for the industry, and for us as consumers, it has 
failed to do so." 

Preliminary studies suggested antioxidants might block the heart-damaging effects of 
oxygen on arteries and the cell damage that might encourage some kinds of cancer. But 
some researchers now believe antioxidants work only when they are in food, or that 
people who eat vitamin-rich food are healthier simply because they take better care of 
themselves. And beta carotene supplements have been found to increase lung cancer risk 
in smokers. Alice Lichtenstein, a professor of nutrition science and policy at Tufts 
University who was not involved with the research, said the study's main message is: 
"Rely on food to get your nutrients." 

1.5.4.0  Office of Dietary supplements, NIH, “antioxidants may shorten life” 

"This study shows that these products (antioxidant supplements) do not prolong life 
and may actually shorten it," said Paul Coates, who directs the Office of Dietary 
Supplements at the National Institutes of Health (NIH). "If you are taking antioxidant 
supplements, it would be a good idea to review the results of this study, reflect on why 
you are taking them and what you hope to gain.” 

"By taking these supplements, you might be impeding your immune system's ability 
to fight off disease or risk factors for chronic disease," said Edgar Miller III of 
Johns Hopkins University, who in 2004 reported similar findings about Vitamin E. 
"People are taking these supplements with the presumption that they will live longer or 
better. This shows they are not living longer and in fact may be at higher risk of dying." 

Other researchers were cautious about concluding that the substances were dangerous but 
said the study added to the now large body of evidence indicating that the hoped-for 
health benefits have not materialized. 

"They probably won't kill you, but they're not going to do any good for you if what 
you want is to live longer," said Donald Berry, a professor of biostatistics at the 
University of Texas M.D. Anderson Cancer Center in Houston. 

Gluud and his colleagues combed the scientific literature for every study about 
antioxidants published since 1990 and found 68 involving 232,606 people. 

Among those, the researchers identified 47 trials involving 180,938 subjects that they 
classified as "low-bias" because they did the best job of eliminating factors that might 
produce faulty results.  Subjects in those 47 studies were randomly assigned to get real 



vitamins or placebos.  When they analyzed that data, the researchers found that those 
taking any antioxidant were 5 percent more likely to die than those who were not. 

With Vitamin E, the risk rose 4 percent; with beta-carotene, 7 percent; 
and with Vitamin A, 16 percent. The actual causes of death in most studies were 
unknown, however.  Even though the possible increased risk was relatively small, the 
"public health consequences may be substantial" because of the large number of people 
taking the substances, the researchers said. 

1.5.4.1  Mayo Clinic:  Do not overdo vitamins 

Too much of a good thing, vitamins, can be bad for you.  

Vitamins are good for you. They promote chemical reactions so your body can process 
foods — proteins, carbohydrates and fats. But taking high doses of certain essential 
vitamins can be harmful. Vitamins A, D and B-6 in particular can be dangerous in large 
amounts. The February 10, 2004 issue of Mayo Clinic Health Letter outlines the risks.  

1.5.4.2 Vitamins A, D and & B-6 

Vitamin A: This vitamin plays a part in healthy vision, bone growth, reproduction and 
regulation of the immune system. Taking excess vitamin A, more than 5,000 
International units (IU) a day, can cause reduced bone mineral density leading to 
osteoporosis, liver abnormalities, hair loss and some neurologic problems.  

The recommended daily amount is 3,000 IU for men and 2,330 IU for women.  

Vitamin D: This vitamin is necessary for the effective absorption of dietary calcium. It 
also helps the body deposit calcium in bones and teeth. The amount you need depends on 
your age, the amount of sunlight exposure you get, liver and kidney function and medical 
conditions. In general, the recommended amount is 400 IU a day for people ages 51 to 
70. For those over age 70, the recommendation is 600 IU a day. More than 2,000 IU a 
day can cause problems including excessive urination, high blood pressure, calcium 
deposits in soft tissues (kidney stones) and kidney damage.  

When tallying up your daily dose, remember to add in the amounts found in fortified 
foods such as cereals, milk, energy bars and drinks. Calcium supplements often include 
Vitamin D, too.  

Vitamin B-6: Excessive amounts can result in nerve damage with signs and 
symptoms such as numbness of feet and hands, unsteady gait and impaired reflexes. 
The recommended amount for men over age 50 is 1.7 milligrams (mg)/day; for women 
over age 50, the recommendation is 1.5 mg/day. More than 100 mg/day can pose health 
risks.  

Unless your doctor prescribes vitamin supplements for a medical condition, it's generally 
not necessary or advisable to take more than a basic multivitamin with 100 percent Daily 
Value of vitamins.  



1.5.4.3  Vitamin C useless for preventing or treating colds 

For the average person, popping vitamin C pills is unlikely to ward off the common cold 
or shorten its length or severity. However, for people exposed to short bouts of extreme 
physical exercise or cold temperatures, vitamin C may markedly reduce their risk of 
catching a cold. 

The findings stem from a review of 30 published studies involving 11,350 people who 
took at least 200 milligrams of vitamin C each day.  Based on pooled data, regular 
ingestion of vitamin C did nothing to lower the risk of the common cold 
in the ordinary population, report reviewers in the latest issue of The Cochrane 
Library (7/18/07), a publication of the Cochrane Collaboration, an international 
organization that evaluates medical research. 

There was a slight reduction in the duration and severity of common cold symptoms with 
vitamin C, compared with placebo, but the magnitude of the effect was so small its 
clinical usefulness is doubtful, the experts report.  Therefore, it is senseless for most 
people to take vitamin C every day to reduce their risk of catching a cold, according 
to co-author Harri Hemila of the University of Helsinki, Finland and her colleagues. 

An exception appears to be when individuals are exposed to short periods of extreme 
physical stress. In six trials involving a total of 642 marathon runners, skiers, and 
soldiers taking part in sub-arctic exercises, vitamin C supplements reduced the risk 
of the common cold by 50 percent. 

Vitamin C, for the average person, also failed as a "therapeutic" for the 
common cold. Trials of high-dose vitamin C taken after the onset of cold 
symptoms showed "no consistent" effect on either the length of a cold or the severity 
of symptoms.  Hemila and colleagues caution that there were only a few therapeutic 
trials and their quality varied. One trial showed a borderline benefit from downing an 8-
gram dose of vitamin C at the beginning of a cold, and two trials using 5-day 
supplementation reported benefits. More trials testing vitamin C as a possible treatment 
for the common cold are needed, the reviewers conclude. 

The value of vitamin C in preventing and treating the common cold has been the subject 
of controversy for six decades. Nonetheless, vitamin C is widely sold and used for these 
purposes. 

The authors of the Cochrane report conclude, based on the data at hand, that the 
routine use of vitamin C to prevent the common cold is "not rationally 
justified for community use. It could be justified in people exposed to brief periods 
of severe physical exercise or cold environments." 

SOURCE: The Cochrane Library 2007. 



1.5.4.4  Antioxidant vitamins are bad for your health 

Antioxidant supplements have failed to decrease cardiovascular risk in extensive human 
clinical trials to date. Paradoxically, many well-established components of 
the heart-healthy lifestyle are pro-oxidant, including polyunsaturated 
fat, exercise and moderate alcohol consumption. Oxidation includes distinct 
biochemical reactions, and it is overly simplistic to gather them into a unitary process that 
affects all cell types and metabolic pathways adversely. Guidelines for diet should adhere 
closely to what has been clinically proved, and by this standard there is no basis to 
recommend antioxidant use, beyond what is inherent to the 'heart healthy' diet in order to 
benefit cardiovascular health (Williams, K.J. and Fisher, E.A. Oxidation, lipoproteins, 
and atherosclerosis: which is wrong, the antioxidants or the theory? Current Opinion in 
Clinical Nutrition & Metabolic Care. 8(2):139-146, March 2005).     

Danish researchers warned that consumers should be cautious about taking 
supplements containing nutrients. Supplements that millions of North Americans take 
to stave off disease and slow the aging process do not boost longevity and appear to 
actually increase the risk of dying.  Bjelakovic’s analysis, which pooled data from 68 
studies involving more than 232,000 people, found no evidence that taking beta-carotene, 
Vitamin A or Vitamin E extends life span (Goran Bjelakovic, Dimitrinka Nikolova, Lise 
Lotte Gluud, Rosa G. Simonetti, and Christian Gluud. "Mortality in Randomized Trials 
of Antioxidant Supplements for Primary and Secondary Prevention; Systematic Review 
and Meta-analysis." JAMA 2007;297:842-857. Vol. 297 No. 8, February 28, 2007).   

In fact, Bjelakovic’s analysis found that beta carotene, vitamin A and 
vitamin E, taken singly or combined with other antioxidant 
supplements, were associated with increased all-cause mortality. The 
supplements increase the likelihood of dying by about 5 percent, as a 
conservative estimate.  Vitamin C and selenium appeared to have no impact - either 
way - on longevity.  

According to Bjelakovic’s study, vitamin supplements taken by millions of people every 
day for their health could be increasing their risk of death. The international research 
team, led by Dr. Goran Bjelakovic, reviewed the published evidence on beta carotene, 
vitamin A, vitamin E, Vitamin C and selenium. These dietary supplements are marketed 
as antioxidants and people take them in the hope they will improve health and guard 
against diseases like cancer and heart disease by eliminating the  oxgen free radicals that 
cause so-called "oxidative stress" and allegedly damage and/or kill cells.  
Antioxidants are also marketed as anti-aging products because they are thought to slow 
down the aging process.  

In this study, Dr. Bjelakovic and colleagues did a meta-analysis on research published 
before October 2005.  The researchers followed a method established by the Cochrane 
Collaboration, a group of 6,000 health care specialists who review biomedical trials and 
other research projects. They started with 815 clinical trials of which 68 passed the first 



level of quality standard (68 randomized trials with 232,606 participants (385 
publications). At this level the results were inconclusive. The supplements were found to 
have no effect on death risk one way or the other. They then went back and eliminated 21 
of the trials, leaving only the "low-bias" ones. This was the next level of quality standard.  

Results showed that when all trials of antioxidant supplements were pooled together, 
there was no significant effect on mortality, but Bjelakovic’s analysis found that 
beta carotene, vitamin A and vitamin E, taken singly or combined with 
other antioxidant supplements, were associated with increased all-cause 
mortality. The supplements increase the likelihood of dying by about 5 
percent, as a conservative estimate.  Vitamin C and selenium had no significant 
effect on mortality. 

Table. Relative Risk for All-Cause Mortality With Antioxidant Vitamins 

Trials/Agent 
Relative Risk of Mortality

With Antioxidant Vitamins 95% Confidence Interval

All trials — all agents 1.02 0.98 - 1.06 

Low bias trials — all agents 1.05 1.02 - 1.08 

Beta-carotene 1.07 1.02 - 1.11 

Vitamin A 1.16 1.10 - 1.24 

Vitamin E 1.04 1.01 - 1.07 
 

Source: JAMA. 2007; 297:842-857. 

The researchers note that more than two thirds of the included trials fell into the category 
of low-bias risk trials, which they say highlights the validity of their results. "Antioxidant 
supplements not only seem to be one of the most researched topics in the world, they also 
seem to be one of the most adequately researched clinical questions," they say. 

When looked at separately, they found that Vitamin A increased death risk by 16 
per cent, beta carotene by 7 per cent and Vitamin E by 4 per cent. The 
results for Vitamin C were not so clear, but by looking at the best quality trials there was 
a suggestion that it increased death risk by 6 per cent, either on its own or in combination 
with other supplements. Duration of supplementation differed among the trials but 
duration had no significant effect on their results. 
 
The figures from the best quality trials on selenium however showed that it might 
reduce death risk by 10 per cent, either on its own or in combination with other 
supplements, but this was not found to be statistically significant. The overall conclusion 
of the study was that on balance, the best quality research shows that beta carotene, 
vitamin A and vitamin E may increase mortality risk, but vitamin C and selenium need 



further study. Vitamin C can act as a prooxidant or an antioxidant in vivo (Duarte TL, 
Lunec J. When is an antioxidant not an antioxidant? a review of novel actions and 
reactions of vitamin C. Free Radic Res. 2005;39:671-686) (Podmore ID, Griffiths HR, 
Herbert KE, Mistry N, Mistry P, Lunec J. Vitamin C exhibits pro-oxidant properties. 
Nature. 1998;392:559).  

The researchers say there are several potential reasons for these results. One is that the 
free radicals that are thought to cause the oxidative stress are the byproduct rather than 
the cause of disease. Another is that they may play an important role in the immune 
system and eliminating them could be counterproductive. They added that this study is 
important for public health reasons because between 10 and 20 per cent of people in 
Europe and North America take dietary supplements. 

Bjelakovic’s findings contradicts the older findings of observational studies, which 
claimed that antioxidants improved health (Machlin LJ, Bendich A. Free radical tissue 
damage: protective role of antioxidant nutrients. FASEB J. 1987) (Diplock AT. 
Antioxidants and disease prevention. Mol Aspects Med. 1994;15:293-376) (van Poppel G, 
van den Berg H. Vitamins and cancer. Cancer Lett. 1997;114:195-202) (Diplock AT, 
Charleux JL, Crozier-Willi G, et al. Functional food science and defence against reactive 
oxidative species. Br J Nutr. 1998;80 (suppl 1):S77-S112).   

Some prior studies have resulted in no beneficial or harmful effect of the 
antioxidant supplements (Bjelakovic G, Nagorni A, Nikolova D, Simonetti RG, 
Bjelakovic M, Gluud C. Meta-analysis: antioxidant supplements for primary and 
secondary prevention of colorectal adenoma. Aliment Pharmacol Ther. 2006;24:281-291) 
(Caraballoso M, Sacristan M, Serra C, Bonfill X. Drugs for preventing lung cancer in 
healthy people. Cochrane Database Syst Rev. doi: 10.1002/14651858.CD002141. 
2003;(2):CD002141) (Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of 
antioxidant vitamins for the prevention of cardiovascular disease: meta-analysis of 
randomised trials. Lancet. 2003;361:2017-2023) (Davies AA, Davey Smith G, Harbord 
R, et al. Nutritional interventions and outcome in patients with cancer or preinvasive 
lesions: systematic review. J Natl Cancer Inst. 2006;98:961-973) (Huang HY, Caballero 
B, Chang S, et al. The efficacy and safety of multivitamin and mineral supplement use to 
prevent cancer and chronic disease in adults: a systematic review for a National Institutes 
of Health state-of-the-science conference. Ann Intern Med. 2006;145:372-385).        

Whereas, other studies reported that antioxidant supplements significantly increased 
mortality and these findings bolster prior reports, which also showed increased mortality 
from antioxidants (Bjelakovic G, Nikolova D, Simonetti RG, Gluud C. Antioxidant 
supplements for preventing gastrointestinal cancers. Cochrane Database Syst Rev. doi: 
10.1002/14651858.CD004183.pub2. 2004;(4):CD004183) (Bjelakovic G, Nikolova D, 
Simonetti RG, Gluud C. Antioxidant supplements for prevention of gastrointestinal 
cancers: a systematic review and meta-analysis. Lancet. 2004;364:1219-1228) (Miller ER 
III, 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).  



1.5.4.5  People should be informed of antioxidant harm 

Dr. Gluud said these observations were "a huge disappointment," but added that at least it 
has been discovered. "We must see the positives in this. The question has been 
thoroughly addressed and we now know the answer — these agents are 
harmful. The companies selling these anti-oxidant vitamins have been able to dodge 
the issue for a long time, saying that any negative data has not been comprehensive. They 
cannot do this any longer. There are lessons to be learnt here. For example, the 
importance of conducting trials with these agents and publishing the results." 

Dr. Gluud added that food supplements should be regulated in the same way 
as medical products. "The governments of the world now have the responsibility to 
inform people of these results. They have been too slow in the past in requesting that 
health supplements are properly evaluated, and allowing these products to be added to 
foods. People have been buying these supplements and foods advertised as having these 
supplements added under the impression that they are good for them, when in actual fact 
they are harmful. Any potential health supplements should not be allowed 
to be added to foods unless they have been shown to be beneficial, or at 
least proven not to be harmful." (JAMA. 2007;297:842-857) 

1.5.4.6  Researchers question validity of research meta-analyses 

Systematic reviews and meta-analyses of the results of several studies are a common 
method for pooling data to gain further insight through access to larger numbers of 
patients. Researchers doing meta-analyses usually check for publication bias, which is the 
tendency for studies with negative results ("We found no evidence of ...") to be rejected 
for academic publication. Publication bias can skew the findings of meta-analyses in the 
direction of positive evidence, however, researchers doing meta-analyses can check for 
publication bias statistically, using asymmetry tests.  
 
But new research by Drs. John Ioannidis and Thomas Trikalinos indicates that statistical 
conditions are often not met for employing asymmetry tests. The authors evaluated a 
large number of meta-analyses in the Cochrane Database of Systematic Reviews, and 
from print journals in 2005. They conclude that this erroneous use of asymmetry tests 
is a major threat to the validity of clinical research.  
 
12 Apr 2007   Medical news today. p. 1091 - The appropriateness of asymmetry tests for 
publication bias in meta-analyses: a large survey - J.P.A. Ioannidis, T.A. Trikalinos 
  

1.5.4.7  Overturning decades of dogma 
 
 

 
After a thorough review of the world’s scientific literature, 



the glaring answer to the query, 
“Does oxygen and its derivatives have a major influencing control 

over all aerobic cells,  
is a crystal clear, 
a definite maybe  

‘Yes, no and it depends’.” 
Any questions? 

R. M. Howes, M.D., Ph.D. 
1/17/07  

 
 
 

On any given day, reports may surface on a variety of topics such as antioxidant-loaded 
cranberries (Krumm S: Tasty cranberries add antioxidants to diet. Lawrence Journal-
World, December20 , 2006), the development of chocolate-flavored breath mints to 
capitalize on touted benefits of antioxidants in dark chocolate (Schmeltzer J: Wrigley 
takes dip in chocolate. Chicago Tribune, December 16, 2006), or the testing of an 
antioxidant-containing nutritional supplement to help frail elderly people fight influenza 
(Reuters Health: Nutrients may help older people fight flu. Available online at today. 
reuters.com/news/articlenews.aspx?type=healthNews&storyID=2006-12-
19T162622Z_01_COL958878_RTRUKOC_0_US-
NUTRIENTSFLU.xml&WTmodLoc=HealthNewsHome_C2_healthNews-4. Accessed 
January 16, 2007).  

For years, researchers have used tert-butoxyl radical as a model to study and 
perhaps predict the actions of oxygen free-radicals in biological environments. Now 
it turns out that the model is not representative of the naturally occurring and common 
oxygen radicals that are important in living systems.  

"We have discovered that tert-butoxyl radicals are even more reactive than we 
thought and thus a terrible model for reactive oxygen species in biological 
systems," says Jim Tanko, professor of chemistry at Virginia Tech. 

Oxygen free-radicals pluck hydrogen atoms from sites where there is a weak 
carbon-hydrogen bond; but, we were seeing a major breakdown in that pattern. The t-
butoxyl radical was plucking tightly bound hydrogens as well as those where the bond 
was weak," says Tanko.  We do know that t-butoxyl radical is a poor model for other 
oxygen free- radicals."  

The paper, "Oxidation of tertiary amines by tert-butoxyl radical: Model studies for radical 
reactions in biological systems (Medi 28)," by Friedline, Tanko, student Christopher 
Wohl, and professor Neal Castagnoli, all of Virgnia Tech, and N. Kamrudin Suleman of 
the University of Guam, was presented on Sunday, March 23, 2006 in New Orleans. 

http://reuters.com/news/articlenews.aspx?type=healthNews&storyID=2006-12-19T162622Z_01_COL958878_RTRUKOC_0_US-NUTRIENTSFLU.xml&WTmodLoc=HealthNewsHome_C2_healthNews-4
http://reuters.com/news/articlenews.aspx?type=healthNews&storyID=2006-12-19T162622Z_01_COL958878_RTRUKOC_0_US-NUTRIENTSFLU.xml&WTmodLoc=HealthNewsHome_C2_healthNews-4
http://reuters.com/news/articlenews.aspx?type=healthNews&storyID=2006-12-19T162622Z_01_COL958878_RTRUKOC_0_US-NUTRIENTSFLU.xml&WTmodLoc=HealthNewsHome_C2_healthNews-4


While many studies are well done, many are done with bias and prejudice.  Single 
studies can be frought with mis-interpretations. Results must be replicated in large 
randomized, double blind studies before we can believe that their contained associations 
are true.  Studies on oxygen free radicals and EMODs are especially confusing and 
contradictory.  One can find studies to support almost any position as to the inherent 
danger or safety of EMODs.   
 
We have only the barest beginnings for understanding the complexities of the 
living/breathing cell and its redox status. Yet, the human mind has a unique desire to 
understand and learn about itself and it endeavors never to rest until the ultimate truth of 
its existence is revealed. 
 
1.5.4.8  View on antioxidant vitamins in 1997 (benefits) 
 
This report reviews published epidemiologic research on the associations of vitamin and 
mineral supplementation with cancer risk. Although the literature on nutrition and cancer 
is vast, few reports to date have addressed supplemental nutrients directly (seven clinical 
trials, 16 cohort, and 36 case-control studies). These studies offer insight into effects of 
nutrients that are distinguishable from effects of other biologically active compounds in 
foods. Randomized clinical trials have not shown significant protective effects of 
beta-carotene, but have found protective effects of: alpha-tocopherol against 
prostate cancer; mixtures of retinol/zinc and beta-carotene/alpha-
tocopherol/selenium against stomach cancer; and selenium against total, lung, and 
prostate cancers. Cohort studies provide little evidence that vitamin supplements 
are associated with cancer. Case-control studies have reported an inverse 
association between bladder cancer and vitamin C; oral/pharyngeal cancer and 
several supplemental vitamins; and several cancers and vitamin E. A randomized 
clinical trial, a cohort study, and a case-control study have all found inverse 
associations between colon cancer and vitamin E. Overall, there is modest 
evidence for protective effects of nutrients from supplements against 
several cancers. Future studies of supplement use and cancer appear warranted; 
however, methodologic problems that impair ability to assess supplement use and 
statistical modeling of the relation between cancer risk and supplement use need attention 
(Vitamin supplements and cancer risk: the epidemiologic evidence. Patterson RE, White 
E, Kristal AR, Neuhouser ML, Potter JD. Cancer Causes Control. 1997 Sep;8(5):786-
802). 
 
1.5.5.0  The Swedish Council of Technology Assessment finds no benefits of 
antioxidant vitamins for CVD 

Antioxidant vitamins are widely used by the public to prevent disorders such as cancer, 
myocardial infarction and stroke. A working group of The Swedish Council of 
Technology Assessment has evaluated the scientific basis for this practice. This 
presentation is restricted to the effects on cardiovascular diseases. METHODS: Relevant 
literature up to November 1996 was retrieved by using the databases MEDLINE, 
EMBASE and Citation Index. The outcome of observational cohort studies were 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Patterson+RE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22White+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22White+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kristal+AR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Neuhouser+ML%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Potter+JD%22%5BAuthor%5D


compared with those of randomised controlled trials (RCT). RESULTS: A table is 
included showing the results of meta-analysis using all published information. In 
individual trials, there were 5 comparisons showing a significant effect of antioxidant 
vitamins, in which multivariate statistical adjustments for possible confounders were 
made. In all instances, the effects remained statistically significant after the adjustments. 
CONCLUSIONS: Observational studies on large cohorts have demonstrated a significant 
association between high intake of ascorbic acid and tocopherol and low risk of 
cardiovascular disease. Randomised controlled trials show no beneficial 
effects of antioxidant vitamins. In observational studies, the effects of self-
selection of lifestyle factors, including intake of food components other than vitamins, 
cannot always be eliminated by statistical adjustment for known confounding factors 
(Results from observational studies refuted by randomised trials: the case of antioxidant 
vitamins in the prevention of cardiovascular disease. Asplund K. Annu Meet Int Soc 
Technol Assess Health Care Int Soc Technol Assess Health Care Meet. 1997; 13: 63). 

1.5.5.1 Prooxidant action of two antioxidants: ascorbic acid and gallic acid 
 
Many so called antioxidants have prooxidant activity. Vitamin C and gallic acid (found in 
Grape Seeds and Green Tea) were found to possess both the ability to function as potent 
antioxidants, as well as the ability to function as prooxidants to induce cell death (known 
as apoptosis) in cancer cells (Sakagami H, and Satoh K. Anticancer Res 1997. 
Jan;17(1A):221-224). 

1.5.5.2  Vitamin E is a prooxidant in trained athletes 

The interrelationship between physical exercise, antioxidant supplementation, oxidative 
stress and plasma levels of homocysteine (Hcy) has not been adequately examined. The 
purpose of this study was to examine the effect of 2 months of vitamin E supplementation 
(800 IU/day alpha-tocopherol) (E) or placebo (P) in 38 triathletes on plasma Hcy 
concentrations, antioxidant potential and oxidative stress. It was hypothesized that 
vitamin E supplementation would reduce plasma Hcy and oxidative stress markers 
compared to placebo. Blood samples were collected 1 day prior to the race, immediately 
postrace and 1.5 h postrace. Plasma alpha-tocopherol was 75% higher (P<.001) in E 
versus P prerace (24.1+/-1.1 and 13.8+/-1.1 micromol/L, respectively), and this group 
difference was maintained throughout the race. Cortisol was significantly increased in 
both E and P (P<.001), but there was no difference in the pattern of change. This study 
indicates that prolonged large doses of alpha-tocopherol supplementation 
did not affect plasma Hcy concentrations and exhibited pro-oxidant 
characteristics in highly trained athletes during exhaustive exercise 
(Effect of alpha-tocopherol supplementation on plasma homocysteine and oxidative 
stress in highly trained athletes before and after exhaustive exercise. S.R. McAnulty et al. 
J Nutr Biochem. 2005 Sep;16(9):530-7). 

1.5.5.3  Vitamin E decreased the average particle size of HDL 



Conflicting reports about the potential benefits of dietary supplements can make a 
person's head spin. That's certainly been the case with vitamin E. Some human studies 
have shown this antioxidant to play a protective role in cardiovascular disease, while 
other studies have shown it to have no effect at all or even to have harmful effects. So the 
question on many consumers' minds is, "Should I increase my vitamin E intake or not?" 
 
Scientists at Southwest Foundation for Biomedical Research (SFBR) don't have a 
definitive answer to that question yet, but their research with baboons has shed light on 
why human studies have been contradictory and why the answer isn't as clear cut as one 
would hope. In fact, the answer might be "yes" to one individual and "no" to another. 
 
In the September 2007 issue of The American Journal of Clinical Nutrition, SFBR 
scientists explain their findings from a study with 250 baboons on a diet with equal levels 
of dietary fat and cholesterol but varying degrees of vitamin E concentration. 
 
"What we found was that vitamin E had a significant effect on cardiovascular 
disease risk factors, but those effects went in opposite directions. Some of the effects 
were positive, and some were negative," said Dr. David Rainwater, a scientist in the 
SFBR Department of Genetics and the lead author on the paper. "This leads us to believe 
that the discrepancies in human studies are due to which effect is emphasized in the 
group of people studied." 
 
Rainwater explained that the baboons that consumed higher levels of vitamin E had 
lower levels of oxidized LDL cholesterol. "Oxidized LDL is believed to be a major 
player in terms of promoting atherosclerosis (the build up of fatty plaques in the arteries) 
and in cardiovascular disease in general," he said. "So in this way, vitamin E was shown 
to play a protective role." 
 
However, findings about vitamin E's effect on HDL, the "good cholesterol," were 
contradictory. Higher levels of vitamin E in the diet increased levels of apolipoprotein 
A-1 (apo A-1), which helps HDL remain soluble in the blood. On the other hand, it 
decreased the average particle size of HDL. "And that is a bad thing, 
because a decrease in the size of HDL particles is generally associated with an 
increase in atherosclerosis," said Rainwater. "So we found that vitamin E is exerting 
two different effects on HDL properties, one positive and one negative with respect to 
heart disease." 
 
While the contradictory results are frustrating, the problem might not be so much with 
vitamin E as it is with our genes. This scientific investigation further revealed that 
vitamin E's positive influence on apo A-1 levels were not genetically influenced, but 
genes do appear to play a role in the negative effect vitamin E can have on HDL particle 
size. 
 
Other scientists contributing to this investigation were Drs. Michael Mahaney and John 
L. VandeBerg with SFBR and the Southwest National Primate Research Center; and Dr. 
Xing Li Wang with Baylor College of Medicine in Houston. 



1.5.5.4  Total antioxidant capacity is lower in athletes 

Exercise has been shown to increase the production of reactive oxygen species to a 
point that can exceed antioxidant defenses to cause oxidative stress. Dietary intake of 
antioxidants, physical activity levels, various antioxidants and oxidative stress markers 
were examined in 20 exercise-trained "athletes" and 20 age- and sex-matched sedentary 
"controls." Plasma F2-isoprostanes, antioxidant enzyme activities, and uric acid levels 
were similar in athletes and sedentary controls. Plasma alpha-tocopherol and beta-
carotene were higher in athletes compared with sedentary controls. Total antioxidant 
capacity tended to be lower in athletes, with a significant difference between male 
athletes and male controls. Dietary intakes of antioxidants were also similar between 
groups and well above recommended dietary intakes for Australians. These findings 
suggest that athletes who consume a diet rich in antioxidants have elevated plasma alpha-
tocopherol and beta-carotene that were likely to be brought about by adaptive processes 
resulting from regular exercise (Oxidative stress and antioxidants in athletes undertaking 
regular exercise training. T.A. Watson et al. Int J Sport Nutr Exerc Metab. 2005 
Apr;15(2):131-46).  I believe this shows that a prooxidant condition is the favorable 
outcome in athletes. 

1.5.6.0  No effect of antioxidant vitamins on cancer, CVD or all cause mortality 
(SU.VI.MAX Study, 2004) 

Low-dose antioxidant supplementation lowered total cancer incidence and all-cause 
mortality in men but not in women (SU.VI.MAX Study) 

It has been suggested that a low dietary intake of antioxidant vitamins and minerals 
increases the incidence rate of cardiovascular disease and cancer. To date, however, the 
published results of randomized, placebo-controlled trials of supplements containing 
antioxidant nutrients have not provided clear evidence of a beneficial effect. We tested 
the efficacy of nutritional doses of supplementation with a combination of antioxidant 
vitamins and minerals in reducing the incidence of cancer and ischemic cardiovascular 
disease in the general population. METHODS: The Supplementation en Vitamines et 
Mineraux Antioxydants (SU.VI.MAX) study is a randomized, double-blind, placebo-
controlled primary prevention trial. A total of 13 017 French adults (7876 women aged 
35-60 years and 5141 men aged 45-60 years) were included. All participants took a 
single daily capsule of a combination of 120 mg of ascorbic acid, 30 mg of vitamin E, 
6 mg of beta carotene, 100 mug of selenium, and 20 mg of zinc, or a placebo. Median 
follow-up time was 7.5 years. RESULTS: No major differences were detected 
between the groups in total cancer incidence (267 [4.1%] for the study 
group vs 295 [4.5%] for the placebo group), ischemic cardiovascular 
disease incidence (134 [2.1%] vs 137[2.1%]), or all-cause mortality (76 
[1.2%] vs 98 [1.5%]).  

However, a significant interaction between sex and group effects on cancer 
incidence was found (P = .004). Sex-stratified analysis showed a protective effect of 
antioxidants in men (relative risk, 0.69 [95% confidence interval [CI], 0.53-0.91]) but not 



in women (relative risk, 1.04 [95% CI, 0.85-1.29]). A similar trend was observed for all-
cause mortality (relative risk, 0.63 [95% CI, 0.42-0.93] in men vs 1.03 [95% CI, 0.64-
1.63] in women; P = .11 for interaction). CONCLUSIONS: After 7.5 years, low-dose 
antioxidant supplementation lowered total cancer incidence and all-cause mortality in 
men but not in women. Supplementation may be effective in men only because of their 
lower baseline status of certain antioxidants, especially of beta carotene (The 
SU.VI.MAX Study: a randomized, placebo-controlled trial of the health effects of 
antioxidant vitamins and minerals. S. Hercberg et al. Arch Intern Med. 2004 Nov 
22;164(21):2335-42). 

1.5.6.1  Antioxidants had no effect on fasting plasma glucose (SU.VI.MAX Study, 
2005) 

Observational data suggest a protective effect of several antioxidants on fasting 
plasma glucose (FPG) and type 2 diabetes. However, randomized trials have yielded 
inconsistent results. OBJECTIVES: The first objective was to assess the effect of 7.5 y of 
antioxidant supplementation on FPG at 7.5 y. The second objective was to examine the 
epidemiologic association of baseline dietary intakes or plasma antioxidants and FPG (at 
baseline and at 7.5 y). DESIGN: Subjects (n = 3146) from the Supplementation en 
Vitamines et Minéraux Antioxydants (SU.VI.MAX) primary prevention trial in France 
were randomly assigned to receive a daily capsule containing 120 mg vitamin C, 30 mg 
vitamin E, 6 mg beta-carotene, 100 mug Se, and 20 mg Zn or a placebo. RESULTS: 
After 7.5 y, no significant difference was observed between age-adjusted mean FPG in 
men (P = 0.78) and women (P = 0.89) in either group. Baseline beta-carotene dietary 
intakes and plasma concentrations were inversely associated with FPG in multivariate 
mixed models (P = 0.0045 and P < 0.0001, respectively). Baseline plasma vitamin C and 
selenium were negatively (P = 0.0455) and positively (P < 0.0001) associated, 
respectively, with FPG. CONCLUSIONS: Supplementation with antioxidants at 
nutritional doses for 7.5 y had no effect on FPG in men or women who 
followed a balanced diet. An inverse association of baseline beta-carotene dietary 
intake and plasma concentrations with FPG was found, probably because beta-carotene is 
an indirect marker of fruit and vegetable intakes (Antioxidant supplementation does not 
affect fasting plasma glucose in the Supplementation with Antioxidant Vitamins and 
Minerals (SU.VI.MAX) study in France: association with dietary intake and plasma 
concentrations. S. Czernichow et al. Am J Clin Nutr. 2006 Aug;84(2):395-9). I believe 
that this is because diabetes is not due to EMODs.  

1.5.6.2  EMODs essential for normal physiological development in Drosophila 
 
Some of the following material was abstracted, excerpted or modified from:  Enhanced 
catabolism of mitochondrial superoxide/hydrogen peroxide and aging in transgenic 
Drosophila. Anne-Cécile V. Bayne, Robin J. Mockett, William C. Orr, and Rajindar S. 
Sohal. Biochem J. 2005 October 15; 391(Pt 2): 277–284. 
 
The generation of superoxide anion radicals (O2

•−) and hydrogen peroxide (H2O2) 
during mitochondrial respiration has been widely postulated to be causally linked to 



the aging process. The hypothesis that a specific enhancement of mitochondrial 
O2

•−/H2O2 catabolism would delay age-associated physiological changes and extend the 
lifespan was tested by simultaneous overexpression of MnSOD (manganese superoxide 
dismutase) and catalase, ectopically targeted to the mitochondrial matrix of transgenic 
Drosophila melanogaster. The increased activities of these antioxidative enzymes 
resulted in a decrease of mitochondrial H2O2 release and enhancement of free methionine 
content. The MnSOD/mitochondrial catalase transgenic flies displayed an enhanced 
resistance to experimental oxidative stress, induced by dietary H2O2 administration or by 
exposure to 100% ambient oxygen. However, the lifespan of the flies was 
decreased, by up to 43%, and this effect coincided with (i) an overall decrease in 
physical fitness, as measured by the speed of walking, and (ii) an age related 
decrease in mitochondrial state 3 (ADP-stimulated) respiration. These findings 
support the notion that mitochondrial O2

•−/H2O2 production at 
physiological levels is essential for normal biological processes leading 
to the attainment of a normal lifespan (Enhanced catabolism of mitochondrial 
superoxide/hydrogen peroxide and aging in transgenic Drosophila. Anne-Cécile V. 
Bayne, Robin J. Mockett, William C. Orr, and Rajindar S. Sohal. Biochem J. 2005 
October 15; 391(Pt 2): 277–284).  Again, this emphasizes the obvious.  The use of 
MnSOD and catalase, which decreased hydrogen peroxide and superoxide, led to 
decreased life spans and physical fitness. 
 
The mechanisms that cause the deterioration of cellular functions during the aging 
process are at present poorly understood. The hypothesis that senescent changes are 
caused primarily by ROS (reactive oxygen species) and the accumulation of 
macromolecular oxidative damage generated by ROS, is supported by a considerable 
body of correlative evidence. For instance, the rates of production of superoxide anion 
radicals (O2

•−) and hydrogen peroxide (H2O2) by mitochondria have been found to 
increase with age and are negatively correlated with the maximum lifespan of 
mammalian and insect species (Ku H.-H., Brunk U. T., Sohal R. S. Relationship between 
mitochondrial superoxide and hydrogen peroxide production and longevity of 
mammalian species. Free Radical Biol. Med. 1993;15:621–627) (Sohal, R. S.;Sohal, 
B. H.; Orr, W. C. Mitochondrial superoxide and hydrogen peroxide generation, protein 
oxidative damage and longevity in different species of flies. Free Radical Biol. Med. 
1995;19:499–504).  I believe that this increase in EMODs with age is related to the 
fact that there is an increased need for EMODs to fight pathogens, maintain 
homeostasis and compensate for cumulative injury as we age.  Increases in EMOD 
levels with aging is expected and is the result of life and not causative of aging. 
 
Steady-state amounts of oxidatively modified molecules increase as a function of age 
in virtually all the species that have been examined (Sohal, R. S.;Sohal, B. H.; Orr, 
W. C. Mitochondrial superoxide and hydrogen peroxide generation, protein oxidative 
damage and longevity in different species of flies. Free Radical Biol. Med. 1995;19:499–
504) (Beckman, K. B.; Ames, B. N. The free radical theory of aging matures. Physiol. 
Rev. 1998;78:547–581). I believe that this is totally coincidental. 
 



Furthermore, experimental regimens that prolong lifespan, such as caloric restriction in 
rodents and prevention of flying activity in insects, are associated with decreased rates of 
mitochondrial O2

•−/H2O2 generation and lower amounts of molecular oxidative damage 
(Sohal, R. S.; Weindruch, R. Oxidative stress, caloric restriction, and aging. Science. 
1996;273:59–63).  I have shown that this is not consistently true. 
 
It is estimated that, under normal physiological conditions, between 0.1 and 3% of 
the oxygen utilized by mitochondria is diverted to the generation of O2

•− (Chance B., 
Sies H., Boveris A. Hydroperoxide metabolism in mammalian organs. Physiol. Rev. 
1979;59:527–605) (Fridovich I. Mitochondria: are they the seat of senescence? Aging 
Cell. 2004;3:13–16).  
 
MnSOD (manganese superoxide dismutase), located in the mitochondrial matrix, 
converts O2

•− into H2O2, which in turn is degraded by mitochondrial peroxidases or 
diffuses into the cytosol(Fridovich I. Superoxide dismutases. Annu. Rev. Biochem. 
1975;44:147–159).  They keep forgetting that SOD generates peroxide and it is a 
prooxidative enzyme, not an antioxidant one. 
 
Allegedly, the mitochondrial generation of O2

•−/H2O2 has important deleterious 
consequences. Indeed, increases in the rate of ROS production or decreases in the 
catalytic degradation of ROS, resulting from ablation of antioxidative defences, cause 
structural modifications of DNA, proteins and lipids, which are associated with 
detrimental effects on cellular functions (Halliwell B., Gutteridge J. M. Oxygen toxicity, 
oxygen radicals, transition metals and disease. Biochem. J. 1984;219:1–14).  This is 
erroneously based entirely on in vitro experiments and misinterpreted for living 
animals. 
 
Mistakenly, mitochondrial ROS generation is thus perceived to be an undesirable 
phenomenon, which is linked inextricably to oxygen consumption. 
 
The main purpose of the Sohal’s study was to determine whether or not an increase in the 
mitochondrial capacity to catabolize O2

•−/H2O2 would affect the progression of the aging 
process and the lifespan of Drosophila melanogaster. Specifically, it was hypothesized 
that an increase of ROS catabolism in mitochondria would result in an enhanced 
resistance to exogenous ROS, a postponement of age-related loss of physical fitness 
and extension of the lifespan. This hypothesis was tested by the simultaneous 
overexpression of MnSOD and ectopic catalase in the mitochondrial matrix of transgenic 
Drosophila. Flies containing one or two copies of both an MnSOD transgene and a 
mitochondrially targeted catalase transgene were generated, and the effects on lifespan, 
motor ability, mitochondrial respiration and resistance to experimental oxidative stress 
were determined. Contrary to predictions based on the hypothesis, the 
enhancement of mitochondrial antioxidative activities was associated 
with a decrease in lifespan. 
 
Results of the present study indicate that an experimental increase in mitochondrial 
O2

•−/H2O2 removal capacity, induced by simultaneous overexpression of MnSOD and 



ectopic expression of catalase in the mitochondria of transgenic D. melanogaster, caused 
a decrease in the rate of mitochondrial H2O2 release and an enhancement of resistance to 
acute oxidative stress, induced by exposure to exogenous H2O2. However, the lifespan 
was significantly shortened, both under standard conditions (25 °C) and at an elevated 
ambient temperature (30 °C), the walking speed was decreased and the active state of 
mitochondrial respiration (state 3) was impaired at older ages. 
 
Studies on the effects of overexpression of antioxidative enzymes in transgenic 
Drosophila have given rise to two seemingly contradictory interpretations. One group of 
studies has shown that the lifespan is extended, particularly when the overexpression of 
SOD is restricted to the adult phase of the life cycle (Sun J., Folk D., Bradley J., Tower J. 
Induced overexpression of mitochondrial Mn-superoxide dismutase extends the life span 
of adult Drosophila melanogaster. Genetics. 2002;161:661–672) or to motor neurons 
(Parkes, T. L.;Elia, A. J.;Dickinson, D.;Hilliker, A. J.;Phillips, J. P.; Boulianne, G. L. 
Extension of Drosophila lifespan by overexpression of human SOD1 in motorneurons. 
Nat. Genet. 1998;19:171–174).  
 
These results are consistent with the traditional free radical hypothesis of aging 
(Harman D. Aging: a theory based on free radical and radiation chemistry. J. Gerontol. 
1956;11:298–300), which postulates that oxidative damage resulting from ROS 
production is a major causal factor in the aging process.  I have shown that the free 
radical theory is irreparably flawed. 
 
Coincidentally, the accrual of such damage is correlated with rates of ROS 
production and aging in animals (Sohal, R. S.;Mockett, R. J.; Orr, W. C. Current issues 
concerning the role of oxidative stress in aging: a perspective. In: Hekimi S. , editor. The 
Molecular Genetics of Aging. Berlin: Springer; 2000. pp. 45–66) (Barja G. Rate of 
generation of oxidative stress-related damage and animal longevity. Free Radical Biol. 
Med. 2002;33:1167–1172).  
 
However, a second set of studies has shown that overexpression of genes encoding 
antioxidative enzymes, using native cis-regulatory sequences, does not affect the 
aging process if long-lived fly strains are used as controls (Seto, N. O.;Hayashi, S.; 
Tener, G. M. Overexpression of Cu-Zn superoxide dismutase in Drosophila does not 
affect life-span. Proc. Natl. Acad. Sci. U.S.A. 1990;87:4270–4274) (Orr, W. C.; Sohal, 
R. S. Does overexpression of Cu,Zn-SOD extend life span in Drosophila melanogaster? 
Exp. Gerontol. 2003;38:227–230).  
 
In fact, small decreases in lifespans can be observed in the survivorship data of flies 
overexpressing single copies of either genomic MnSOD or ectopic, mitochondrially 
targeted catalase transgenes, or of some individual long-lived lines in which 
overexpression of Cu–Zn SOD was induced only during adult life. The seeming 
discrepancies among these findings may be explained either in terms of differences in 
the intracellular sites of the overexpressed enzymes or of the lifespans of the control flies 
employed in the various studies. A negative correlation has indeed been noted previously 
between the control lifespan and the degree of lifespan extension associated with 



overexpression of several antioxidant enzymes (Orr, W. C.; Sohal, R. S. Does 
overexpression of Cu,Zn-SOD extend life span in Drosophila melanogaster? Exp. 
Gerontol. 2003;38:227–230) (Sohal, R. S.;Mockett, R. J.; Orr, W. C. Mechanisms of 
aging: an appraisal of the oxidative stress hypothesis. Free Radical Biol. Med. 
2002;33:575–586).  
 
On this basis, the augmentation of antioxidants may be postulated to compensate for the 
adverse effects of specific genetic backgrounds and environmental conditions, which may 
compromise the lifespan of flies for reasons unrelated to the normal aging process. I can 
readily explain this on the basis of the essentiality of EMODs and on the fact that 
the Free Radi-Crap theory is wrong. 
 
test these hypotheses, flies were generated containing one or two copies of both genomic 
MnSOD and OAT-catalase transgenes, resulting in significantly enhanced MnSOD and 
mitochondrial catalase activities. In contrast with the effects of either transgene alone or 
the simultaneous overexpression of cytosolic SOD/catalase, there was a consistent and 
highly significant decrease in longevity (Orr, W. C.;Mockett, R. J.;Benes, J. J.; Sohal, 
R. S. Effects of overexpression of copper-zinc and manganese superoxide dismutases, 
catalase, and thioredoxin reductase genes on longevity in Drosophila melanogaster. J. 
Biol. Chem. 2003;278:26418–26422). 
 
These findings illustrate the importance of the subcellular site of the overexpressed 
enzymes and demonstrate that some removal of mitochondrial ROS can be 
tolerated before longevity is affected and that the increased capacity for 
removal of both mitochondrial O2

•− and H2O2 is more harmful than for 
either O2

•− or H2O2 alone. 
 
Direct measurement of H2O2 production by mitochondria from Dm4SOD/OCAT flies 
confirmed that the increase in SOD and catalase activities and decrease in lifespan 
coincided with a substantial curtailment of H2O2 release. However, under the assay 
conditions used in the present study, H2O2 release was also virtually abolished in OAT-
catalase flies. The dramatic differences in lifespan effects and minor differences in rates 
of H2O2 release between OAT-catalase and Dm4SOD/OCAT flies could be accounted for by 
differential effects on O2

•− levels, resulting from the additional overexpression of 
MnSOD. Alternatively, differences in the amount of mitochondrial catalase activity 
could be primarily responsible for the decrease in lifespan. Indeed, the levels of 
catalase overexpression in OAT-catalase, Dm2SOD/OCAT and Dm4SOD/OCAT flies 
averaged 35, 40 and 126% respectively, whereas the average decreases in lifespan, 
in relation to the respective controls, were 2–6, 7–9 and 27–28%. These results 
suggest that the levels of catalase activity required to cause a large decrease of lifespan 
are higher than those needed to abolish H2O2 release by isolated mitochondria. This 
differential effect could arise, notwithstanding the complete abolition of H2O2 release by 
OAT-catalase mitochondria under in vitro assay conditions, if the additional 
mitochondrial catalase in Dm4SOD/OCAT flies quenches H2O2 release that might otherwise 
occur in vivo. 
 



The decreased lifespans of flies overexpressing MnSOD and mitochondrial catalase 
suggest that a basal level of mitochondrial ROS production is essential for 
the attainment of a normal length lifespan. In support of this view, the level 
of H2O2 affects the expression of at least 80 different genes or proteins, 
including numerous components of the mitogen-activated protein kinase and nuclear 
factor κB signalling pathways (Allen, R. G.; Tresini, M. Oxidative stress and gene 
regulation. Free Radical Biol. Med. 2000;28:463–499).  
 
ROS may also modulate other signal-transduction pathways (Finkel T. Oxidant signals 
and oxidative stress. Curr. Opin. Cell Biol. 2003;15:247–254). Accordingly, a spatially 
and quantitatively controlled generation of H2O2 is believed to have 
beneficial, physiological roles. 
 
This apparent duality of effects of O2

•−/H2O2 provides a plausible explanation for the 
decrease in lifespan coinciding with increased resistance to experimental oxidative stress 
in flies overexpressing MnSOD and OAT-catalase. Supraphysiological concentrations of 
O2

•−/H2O2, induced by H2O2 feeding or exposure to normobaric hyperoxia, likely 
accelerate oxidative damage and possibly interfere with signal transduction mediated by 
O2

•− and H2O2. Overexpression of MnSOD and OAT-catalase would be expected to 
attenuate these adverse effects. However, when the overexpressed enzymes decrease 
O2

•−/H2O2 below threshold levels, the resulting interference with cellular signalling 
presumably outweighs any benefit resulting from the slower accrual of oxidative 
damage. Other reports from this laboratory have shown that either 
thioredoxin reductase gene overexpression (Mockett, R. J.;Sohal, R. S.; Orr, 
W. C. Overexpression of glutathione reductase extends survival in transgenic Drosophila 
melanogaster under hyperoxia but not normoxia. FASEB J. 1999;13:1733–1742) or 
genetic selection for delayed reproduction also had opposite effects on 
lifespan (decreased) and resistance to hyperoxia. These findings are 
incompatible with the idea that there is a simple relationship between the rate of 
aging and resistance to experimental oxidative stress. Thus notwithstanding the partial 
overlap of patterns of gene expression induced by aging and hyperoxia, increased 
resistance to experimental oxidative stress is not a reliable predictor of extended 
lifespan under normal conditions, and it could not account for the differences in 
lifespan observed in this study.  These investigators can not accept the fact that the 
free radical theory is wrong and that EMODs are essential and salutary agents.  
They clamor to find excuses as to why their anticipated results failed and they are 
surprised to find that EMODs do not cause aging. 
 
In conclusion, the results of the present study demonstrate that enhancement of the 
capacity for mitochondrial O2

•−/H2O2 catabolism leads to progressive 
decreases in the longevity of flies. Although the underlying mechanisms remain to 
be determined, the present findings do establish that the rate of mitochondrial H2O2 
release is not simply and negatively related to the lifespan. This finding is 
seemingly at odds with the oxidative stress hypothesis of aging and with 



recent results obtained using transgenic mice (Schriner, S. E.;Linford, 
N. J.;Martin, G. M.;Treuting, P.;Ogburn, C. E.;Emond, M.;Coskun, P. E.;Ladiges, 
W.;Wolf, N.;Van Remmen, H., et al. Extension of murine life span by overexpression of 
catalase targeted to mitochondria. Science. 2005;308:1909–1911). 
 
Thus, mitochondrial ROS generation, at normal physiological level, is necessary for 
the attainment of a full-length lifespan in Drosophila. 
 
1.5.7.0  Sirtuin gene may fight aging 

Researchers said on 9/20/07 they had found more ways to activate the body's own anti-
aging defenses -- perhaps with a pill that could fight multiple diseases at once.  Here we 
go again. 

Their study, published in the journal Cell, helps explain why animals fed very low-calorie 
diets live longer, but it also offers new ways to try to replicate the effects of these diets 
using a pill instead of hunger, the researchers said.  Actually, we can not explain the 
antiaging effects of caloric restriction and the pharmaceutical industry must be 
drooling at the mouth in anticipation of a pill to stall aging. 

"What we are talking about is potentially having one pill that prevents and even cures 
many diseases at once," said David Sinclair, a pathologist at Harvard Medical School 
who helped lead the research.  Sinclair helped found a company that is working on drugs 
based on this research, Sirtris Pharmaceuticals.  The key is a family of enzymes called 
sirtuins. They are controlled by genes called SIRT1, SIRT2 and so on. 

Last year, researchers showed that stimulating SIRT1 can help yeast cells live longer. 

Sinclair, working with colleagues at his company, at Cornell University in New York and 
the U.S. National Institutes of Health, identified the actions of two more sirtuin genes 
called SIRT3 and SIRT4.  They found the enzymes controlled by these genes help 
preserve the mitochondria -- little organs inside of cells that provide their energy. 

"These two genes, SIRT3 and SIRT4, they make proteins that go into mitochondria. ... 
These are little energy packs inside our cells that are very important for staying healthy 
and youthful and, as we age, we lose them and they get less efficient," Sinclair said in a 
videotaped statement.  "They are also very important for keeping the cells healthy and 
alive when they undergo stress and DNA damage, as we undergo every day during the 
aging process." 

Sinclair and colleagues have found in other studies that even if the rest of a cell is 
destroyed -- the nucleus and other parts -- it can still function if the mitochondria 
are alive. 

His team found that fasting raises levels of another protein called NAD. This, in turn, 
activates SIRT3 and SIRT4 in the mitochondria of the cell and these help keep the 
mitochondria youthful.  "We've reason to believe now that these two genes may be 



potential drug targets for diseases associated with aging," Sinclair said.  "Theoretically, 
we can envision a small molecule (pill) that can increase levels of NAD, or SIRT3 and 
SIRT4 directly, in the mitochondria. Such a molecule could be used for many age-related 
diseases," he added. 

"Diseases like heart disease, cancer, osteoporosis -- even things like cataracts. What we 
are aiming to do is to find the body's natural processes that can slow down aging and treat 
these diseases."  Sirtris is already working on such drugs. It has an experimental pill 
called SRT501, which it is testing in Phase 2a trials in patients with type-2 diabetes. 

"These exciting new data further validate sirtuins as attractive targets for drug 
development to treat diseases of aging," Dr. Christoph Westphal, chief executive officer 
of Sirtris, said in a statement.  This whole story is a stretch, at best. 

1.5.7.1  Sirtuins have antioxidant properties and may block apoptosis 
 
The anti-apoptotic activity of resveratrol may be due to sirtuin activation that blocks 
oxidization, thereby down-modulating apoptosis (Ourboros, Research in the biology of 
aging.  Jan. 17, 2007). 
 
1.5.7.2  Current view of Bjelakovic et al. on antioxidant vitamins 
 
The most current review is the following: "Mortality in Randomized Trials of 
Antioxidant Supplements for Primary and Secondary Prevention; Systematic Review and 
Meta-analysis." Goran Bjelakovic, Dimitrinka Nikolova, Lise Lotte Gluud, Rosa G. 
Simonetti, and Christian Gluud. JAMA 2007;297:842-857. Vol. 297 No. 8, February 28, 
2007. Some of the following material was abstracted, modified or excerpted from this 
article. 

Danish researchers warned that consumers should be cautious about taking supplements 
containing nutrients. Supplements that millions of North Americans take to stave off 
disease and slow the aging process do not boost longevity and appear to actually increase 
the risk of dying.  Bjelakovic’s analysis, which pooled data from 68 studies involving 
more than 232,000 people, found no evidence that taking beta-carotene, Vitamin A or 
Vitamin E extends life span.   

In fact, the analysis indicated that the supplements increase the likelihood of dying by 
about 5 percent.  Vitamin C and selenium appeared to have no impact - either way - on 
longevity.  The study does not address the question of multivitamins.  

Nutritionists say that instead of taking supplements the best way to protect your health is 
to eat a balanced diet and to get all the vitamins you need from your food.  

Vitamin supplements taken by millions of people every day for their health could be 
increasing their risk of death a new Danish-led study suggests. 
 
The study is published in the Journal of the American Medical Association. 



 
The international research team reviewed the published evidence on beta carotene, 
vitamin A, vitamin E, Vitamin C and selenium. The team was led by Dr Goran 
Bjelakovic, from Copenhagen University Hospital, Denmark. 
 
These dietary supplements are marketed as antioxidants and people take them in the hope 
they will improve health and guard against diseases like cancer and heart disease by 
eliminating the free radicals that cause "oxidative stress" and damage and kill off cells.  
 
Antioxidants are also marketed as anti-aging products because they are thought to slow 
down the aging process. Some studies have suggested that antioxidants are beneficial to 
health, while others, mostly larger clinical trials, have concluded they have no effect on 
health and say in some cases that taking too many of them can be harmful. 
 
In this study, Dr Bjelakovic and colleagues did a meta-analysis on research published 
before October 2005. Meta-analysis is a way of sifting through published studies against 
a quality standard that looks at a number of reliability criteria such as potential for bias. 
Then the ones that pass the standard are taken through a statistical process to find out if 
they are saying something consistently reliable. There can be several levels of "sifting", 
each producing a more reliable and robust set of evidence. 
 
In this case the researchers followed a method established by the Cochrane Collaboration, 
a group of 6,000 health care specialists who review biomedical trials and other research 
projects. 
 
They started with 815 clinical trials of which 68 passed the first level of quality standard. 
At this level the results were inconclusive. The supplements were found to have no effect 
on death risk one way or the other. They then went back and eliminated 21 of the trials, 
leaving only the "low-bias" ones. This was the next level of quality standard. At this level 
of meta-analysis the results were different. 
 
When looked at separately they found that Vitamin A increased death risk by 16 
per cent, beta carotene by 7 per cent and Vitamin E by 4 per cent. The 
results for Vitamin C were not so clear, but by looking at the best quality trials 
there was a suggestion that it increased death risk by 6 per cent, either on its own or 
in combination with other supplements. 
 
The figures from the best quality trials on selenium however showed that it might 
reduce death risk by 10 per cent, either on its own or in combination with other 
supplements, but this was not found to be statistically significant. 
 
The overall conclusion of the study was that on balance, the best quality research shows 
that beta carotene, vitamin A and vitamin E may increase mortality risk, but vitamin C 
and selenium need further study.  
 



The researchers say there are several potential reasons for these results. One is that the 
free radicals that are thought to cause the oxidative stress are the byproduct rather than 
the cause of disease. Another is that they may play an important role in the immune 
system and eliminating them could be counterproductive. 
 
The researchers pointed out that the studies they examined only used synthetic 
supplements, and therefore their observations and conclusions do not apply to natural 
antioxidants such as those found in fruit and vegetables. They added however that this 
study is important for public health reasons because between 10 and 20 per cent of people 
in Europe and North America take dietary supplements. 
 
Nutritionists say that instead of taking supplements the best way to protect your health is 
to eat a balanced diet and to get all the vitamins you need from your food. 
 
In the new paper, the research team did not pinpoint the biochemical mechanism that may 
increase the risk of death, but they speculated that perhaps "by eliminating free radicals 
from our organism, we interfere with some essential defensive mechanism." 
One of the uses of free radicals in the body is in the immune system to kill invading 
pathogens. Taking big doses of antioxidant vitamins might render aged immune systems 
less able to take on invader pathogens. So the higher mortality rate of vitamin takers 
might be due to dampened immune systems. This is the basis for my EMOD 
insufficiency syndrome. 

People who take antioxidant vitamins such as A, C and E -- long touted as protecting 
against cancer, heart disease and other health problems - don't live any longer, new 
research shows. 

Worse yet, there is actually evidence that they die younger than people 
who don't take vitamins. 

"Our findings contradict the findings of observational studies claiming that 
antioxidants improve health," said Goran Bjelakovic, a researcher at the Centre for 
Clinical Intervention Research at Copenhagen University Hospital in Denmark. 

The review examined the effects of beta carotene, vitamins A, E and C and selenium in 
the deaths of more than 230,000 adults involved in trials (Skibsted LH, Dragsted LO, 
Dyerberg J, Hansen HS, Kiens B, Ovesen LF, Tjonneland AM. Antioxidants and Health. 
JAMA. 2006 Aug 21;168(34):2787-9).  When looking at both low and high-quality 
studies, they found no significant link between vitamin use and death. 

But high quality results analysed alone showed an average 5 per cent increase for the 
three supplements vitamins A and E and beta carotene. 

University of Queensland professor Luis Vitetta, from the Centre for Complementary 
Medicine and Research, said the results were “very concerning'’ and added strength 
to evidence vitamins can do more harm than good.  “There’s a billion dollar vitamin 



industry based on this idea people can prevent disease when they’re actually just putting 
themselves at extra risk,'’ he said. 

Supplement makers claim these products have an antioxidant effect, essentially 
eliminating free radical “messenger molecules'’ responsible for the so-called oxidative 
stress which has been linked to disease. 

Critics doubt whether oxidative stress even exists (that is me), with this 
research suggesting that killing free radicals only interferes with some defensive 
mechanisms affecting survival. 

Professor Vitetta said smaller studies had shown that those who “mega-dosed'’ on 
vitamins had the most heightened risk and called for “very, very prudent'’ consumption.  
He said doctors need to be able to offer better advice on vitamin intake, a call supported 
by the Australian Medical Association’s John Gullotta 

1.5.8.0  Recent failed antioxidant studies 

Study name: "A Randomized Factorial Trial of Vitamins C and E and Beta Carotene in 
the Secondary Prevention of Cardiovascular Events in Women"  
Published: Archives of Internal Medicine, Aug. 13, 2007  
Participants: 8,171 health professionals in the Women's Antioxidant Cardiovascular 
Study  
Finding: 1,450 women experienced one or more CVD outcomes.  
Conclusion: No overall effects of ascorbic acid, vitamin E or beta carotene occurred 
in cardiovascular events among women at high risk for cardiovascular disease. 

Study name: "Vitamin E in the Primary Prevention of Cardiovascular Disease and 
Cancer"  
Published: Journal of the American Medical Association, July 6, 2005  
Participants: 39,876 apparently healthy individuals from the Women's Health Study  
Finding: 482 major cardiovascular events occurred among those who took vitamin E; 
517 among the placebo group.  
Conclusion: These data do not support recommending vitamin E supplementation 
for cardiovascular disease or cancer prevention among healthy women. 

Study name: "Effects of Hormone Replacement Therapy and Antioxidant Vitamin 
Supplements on Coronary Atherosclerosis in Postmenopausal Women"  
Published: Journal of the American Medical Association, Nov. 20, 2002  
Participants: 423 postmenopausal women in the Women's Angiographic Vitamin and 
Estrogen Trial (WAVE) 
Findings: Death, nonfatal myocardial infarction or stroke occurred in 26 hormone 
replacement therapy patients vs. 15 controls and in 26 vitamin patients vs. 18 controls.  
Conclusion: In postmenopausal women with coronary disease, neither HRT nor 
antioxidant vitamin supplements provide cardiovascular benefit. Instead, a 
potential for harm was suggested with each treatment. 



1.5.8.1  Antioxidants nixed again in healthy heart quest 

Studies continue to pile up the evidence that there are no magic-bullet substitutes 
for healthy diet and exercise. (Article taken from amednews.com by Susan J. 
Landers Sept. 3, 2007). 

Studies continue to pile up the evidence that there are no magic-bullet substitutes for 
healthy diet and exercise.  The latest in a string of studies on vitamins C, E and 
beta carotene found no reduction in cardiovascular events among a 
group of about 8,000 women at high risk for heart disease who 
consumed various combinations of the vitamins over nine years. 

The study was in the Aug. 13/07 Archives of Internal Medicine.  The researchers' 
conclusion is not surprising, given similar findings that have emerged during the 
past several years. But it is disappointing, since popping a handful of vitamins 
undoubtedly would be easier than sticking to an appropriate diet and getting sufficient 
exercise. 

Clearly, healthier hearts and blood vessels are a prevention imperative. Heart attacks and 
strokes cause more deaths in Americans -- among both genders and all racial and ethnic 
groups -- than do any other diseases, according to the Centers for Disease Control and 
Prevention. 

Although the trial was conducted with women, there is no evidence that men and women 
differ in their responses to antioxidants, said Dr. Pamela Ouyang, professor of 
medicine at Johns Hopkins University in Baltimore. Dr. Ouyang participated in an 
earlier trial on antioxidants. 

The reason so many researchers have poured so much time and energy, not to mention 
resources, into the quest for what could have been a magic-bullet cure for heart disease is 
the evidence that had accumulated from basic science and animal studies. These early 
indicators suggested that vitamins could prevent harmful oxidation processes in the 
blood vessels.  Although most agree that it was a great initial thought, data did not follow 
to back it up. "I think there is clearly no evidence to support the idea," said Paul D. 
Thompson, MD, director of cardiology at Hartford Hospital in Hartford, Conn.   

I have repeatedly written and lectured of the failed free radical theory and the 
ineffectiveness of antioxidant vitamins and their potential for harm. 

And it is not the first time this pattern has emerged. "We live in a time where many 
similar circumstances have occurred where we have had reason to believe that something 
might actually be beneficial and it proved not to be. And sometimes it proved to be 
harmful instead," noted David Herrington, MD, MPH, director of the Translational 
Science Institute at Wake Forest University in Winston-Salem, N.C.  "The landscape is 
littered with examples that proved to have results different from what was anticipated 
once they were put to the test of a formal clinical trial," he said. 



The findings also point up the complexities of the human body and how various systems 
interact with nutrients, said Alice Lichtenstein, DSc, professor of nutrition, science and 
policy at Tufts University in Boston, Mass. "There are multiple systems which can alter 
almost any of the individual reactions that we can measure outside the body." 

Study author Nancy Cook, ScD, associate professor of preventive medicine at Harvard 
Medical School, isn't ready to give up on all antioxidants, although her study seems to 
point in a negative direction. "There is a possibility that combinations of nutrients might 
have an effect. So it's not clear that there is no remaining effect of any antioxidants." 

Her study actually found there was some evidence of fewer strokes as a result of taking 
vitamins C and E. "While that is intriguing, it could be a false-positive result," Dr. Cook 
said, leaving the door open for other researchers to duplicate the finding. 

But at this point, many different studies have failed to find the overall benefit of 
antioxidants, Dr. Cook acknowledged. "It's possible there may be some benefit to 
some groups, but it doesn't seem it should be advocated for the general population." 

Despite the findings, however, patients still are consuming vast numbers of these 
vitamins, and there may be no way to persuade them to stop. 

"I think anybody who practices medicine has a lot of patients who will take anything 
except what you prescribe to them," Dr. Thompson said. 

David Waters, MD, professor emeritus in the Dept. of Medicine at the University of 
California San Francisco, received a barrage of e-mails after he published findings in 
2002 showing that vitamins E and C had no cardiovascular benefit. 

He was asked whether he used the natural or the artificial form of vitamin E and when he 
responded that it was the artificial kind, his correspondents said, "No wonder it didn't 
work. If it was natural vitamin E, it would have worked." But both types are basically the 
same, he added.  "There is a community of people out there who, if you tell them it's 
a vitamin, they think it is good for them. They think it is healthy. If you tell them it is a 
compound made by a pharmaceutical company, they think pharmaceutical companies are 
evil, so it is probably toxic. It's not rational sometimes," he said.  "There are lots of other 
exciting things to do, and vitamins are sort of like Hula Hoops or the Bee Gees," he 
added. 

1.5.8.2  MRC/BHF Heart Protection Study of antioxidant vitamin supplementation 
 
Antioxidant vitamins did not reduce death, vascular events, or cancer in high risk 
patients was shown by the MRC/BHF Heart Protection Study of antioxidant vitamin 
supplementation in 20,536 high-risk individuals: a randomised placebo-controlled trial. 
(Lancet 2002;360:23–33). 
 



1.5.8.3  Scant Effect of Supplemental Antioxidants Vitamin C, Vitamin E, and 
Coenzyme Q10 for the Prevention and Treatment of Cardiovascular Disease 
 
Overview (Shekelle P, Morton S, Hardy M. Effect of Supplemental Antioxidants Vitamin 
C, Vitamin E, and Coenzyme Q10 for the Prevention and Treatment of Cardiovascular 
Disease. Summary, Evidence Report/Technology Assessment: Number 83. AHRQ 
Publication Number 03-E042, June 2003) 

The purpose of this study was to conduct a systematic review of the scientific literature to 
identify and assess the evidence for the efficacy of three antioxidants, vitamin E, vitamin 
C, and coenzyme Q10, for the prevention and treatment of cardiovascular disease (CVD) 
or modification of known risk factors for CVD. A broad search found sufficient 
literature to perform a detailed review of the use of these antioxidants for CVD. 

CVD, defined as coronary artery disease, hypertensive heart disease, congestive heart 
failure, peripheral vascular disease, and atherosclerosis, including cerebral artery disease 
and strokes, is the leading cause of death in the United States. Modification of the major 
risk factors for CVD (diabetes mellitus, hypertension, hypercholesterolemia, and 
smoking) has been associated with a decreased risk of CVD. Thus, identification of 
interventions that treat CVD or modify the underlying risk factors would be of great 
interest. 

Observational data suggest that fruit and vegetable consumption lowered the risk of 
developing CVD. It has been postulated that the antioxidant component of fruits and 
vegetables accounted for the observed protection. Decreased risk of cardiovascular death 
has been associated with higher blood levels of vitamin C and coenzyme Q10. In 
addition, vitamin C, vitamin E, and coenzyme Q10 have demonstrated antioxidant 
effects, including beneficial effects on oxidation of low-density lipoprotein. There is 
evidence that these vitamins affect other risk factors for CVD such as hypertension. 
Vitamin E may also reduce coronary artery blockage by decreasing blood platelet 
aggregation. Thus, it was reasonable to expect that supplementation with these 
antioxidants would decrease the risk of developing CVD. Large numbers of people are 
taking antioxidants with the expectation that they will prevent disease. 

Findings 

Our literature search identified 1,339 articles that met our search criteria, of which we 
were able to find 1,127. Based on an independent review by two physicians, 528 were 
selected for screening. They included clinical trials, review articles, and reports that 
contained supplemental information. Of these, we identified 156 articles that represented 
results from 159 reports on 144 unique trials (i.e., those reporting data not duplicated in 
another publication). Of the 159 reports referred for further analysis, one-third was 
judged to be of high quality using the Jadad method. 

Studies reporting on outcomes of death, MI, and/or blood lipid levels were selected for 
further analysis. For the interventions of vitamin E alone and in combination with other 



antioxidants, sufficient numbers of heterogeneous populations existed to perform pooled 
analysis. 

The available evidence did not generally support the assertion that there was any 
positive benefit associated with the use of vitamin E either alone or in the 
combinations tested for the prevention of all-cause death or cardiovascular death. 
Neither was there any evidence of significant harm from the same interventions. An 
effect of vitamin E on overall mortality and on cardiovascular mortality reported in the 
GISSI trial was only observed in the "four way" analysis (that is, comparing each arm of 
the 2x2 factorial study separately), and not seen in the "two way" analysis (comparing all 
subjects who received vitamin E to all those who did not). The GISSI investigators 
themselves noted that the results in the "four way" analysis are probably due to chance, 
and concluded that vitamin E supplementation conferred no benefit. Reduction in all-
cause mortality (9 percent) reported in the Linxian study was primarily due to a decrease 
in cancer deaths, not cardiovascular deaths. Therefore, there is little evidence that 
vitamin E supplementation results in a reduction in cardiovascular 
mortality. 

For the risk of MI, fatal and nonfatal, the evidence regarding results of supplementation 
with vitamin E alone or in combination is mixed. No pooled analysis yielded a 
beneficial or adverse effect for vitamin E supplementation, either alone or in 
combination. However, individual studies did report significant effects. The GISSI study 
reported a benefit on fatal MI but a nonsignificant adverse effect on nonfatal MI. 
Furthermore, the beneficial effects in GISSI were seen only in the "four way" analysis 
and not in the larger "two way" analysis. The Alpha-Tocopherol Beta Carotene (ATBC) 
trials reported just the opposite of the GISSI "four way" results: a significant adverse 
effect of vitamin E on fatal MI but a nearly significant beneficial effect of vitamin E on 
nonfatal MI. While there were distinct differences in the two trials (ATBC assessed 50 
mg of vitamin E, while GISSI assessed 300 mg; but the baseline risk of both fatal and 
nonfatal MI was approximately equivalent in the two studies), such disparities in results 
cast doubt on the observed effects being due to a causal relationship, since consistency of 
effect and a dose response effect are two important constituents of causality. 

Supplementation with vitamin E alone and in combinations in doses ranging from 
100 IU to 1,200 IU did not demonstrate a statistically significant effect on serum 
lipids after at least 8 weeks and no more than 24 weeks of treatment. Two large 
primary prevention trials reported clinically insignificant (but statistically significant) 
changes in these outcomes. Thus, there is no evidence that vitamin E alone or in 
combination has a clinically and statistically significant favorable or unfavorable 
effect on lipids. 

There have been few studies of the use of coenzyme Q10 that have enrolled at least 60 
patients and completed at least 6 months' duration of treatment and measured clinical 
outcomes. A meta-analysis of the effect of coenzyme Q10 on indices of cardiac function 
concluded that its use was associated with a substantial improvement. This conclusion 
was not confirmed by two subsequent randomized trials. The studies reporting clinical 



outcomes yielded mixed results. Two studies reported distinctly favorable clinical 
outcomes for coenzyme Q10 treated patients. However, one study probably had a serious 
potential flaw in design and execution in that it is not reported to be placebo controlled or 
blinded with respect to outcome measurement. The second study is reported in 
insufficient detail to allow an adequate assessment of the enrolled population or the 
results. Four subsequent studies reported either no or clinically small improvements. 
Therefore, the value of coenzyme Q10 supplementation in patients with CVD is still 
an open question, with neither convincing evidence supporting nor refuting evidence of 
benefit or harm. 

Four studies assessing vitamin C (mostly in combination with vitamin 
E) provide scant evidence that these combinations of antioxidant supplements 
have any cardiovascular health benefits. The only reported benefit was in the 
Antioxidant Supplementation in Atherosclerosis Prevention (ASAP) Study and that 
was in an intermediate outcome only, and then only in the subpopulation of male 
smokers. The Heart Protection Study, in particular, due to its size and follow-up provides 
good evidence that these antioxidant supplements in these doses are unlikely to have 
any substantial effects on coronary vascular disease outcomes. 

1.5.8.4 Women’s Angiographic Vitamin and Estrogen (WAVE) trial 2002 - failed 
 
HRT and antioxidant vitamins provide no benefit for menopausal women with heart 
disease and may cause harm. 
 
11/19/2002 In postmenopausal women with coronary disease, neither hormone 
replacement therapy (HRT) nor antioxidant vitamin supplements provide cardiovascular 
benefit. In fact, a potential for harm was suggested with each treatment, according to a 
UCSF-led study. Results from the study, also called the Women’s Angiographic Vitamin 
and Estrogen (WAVE) trial, appear in the November 20, 2002 issue of the Journal of the 
American Medical Association (JAMA) and was presented on November 20, 2002 at the 
American Heart Association annual meeting in Chicago. 
 
Although the actual numbers of deaths in the study were small, participants taking 
both hormones and vitamins C and E had the highest death rate, while 
patients taking the placebo had the lowest death rate, said David D. Waters, MD, UCSF 
professor of cardiology at San Francisco General Hospital Medical Center (SFGHMC) 
and lead author of the study. In addition, patients taking hormones and vitamins 
had more or equal progression of their coronary disease as compared to 
patients taking the placebo treatment. 
 
“This study reinforces the concept that hormone replacement therapy is not helpful in the 
treatment or prevention of heart disease,” said Waters. “In addition, although some 
other studies with lower doses of antioxidant vitamins have suggested that vitamins 
had no overall effect, this study indicates a trend toward more deaths in patients 
who took vitamins, either alone or in combination with hormones.  “The good 



news is that there are proven therapies to treat and prevent coronary heart disease, 
including diet, exercise, reducing blood cholesterol, and treating high blood pressure,” he 
added. 
 
The WAVE Trial is the largest study to use changes in coronary artery dimensions as 
assessed by angiography to evaluate the effects of HRT and antioxidant vitamins E and 
C. Researchers enrolled 423 postmenopausal women at seven clinical centers in the 
United States and Canada. 
 
 
1.5.9.0 Aging:  general info 
 
 

All past scientists and aging gurus, 
who claimed to know the answer to aging and 

who came up with their ideas over 60 years ago, 
have been shown to be 

“dead wrong.” 
Their erroneous notions are 

spelled out on their headstones. 
R. M. Howes, M.D., Ph.D. 

5/14/08 
 
 

Aging is a complex biological process defined as a general decline in organ function 
associated with a state of decreased adaptiveness to changes and capacity to restore 
disrupted homeostasis.  (Habitual exercise program protects murine intestinal, skeletal, 
and cardiac muscles against aging. Eloi F. Rosa et al. J Appl Physiol 99: 1569-1575, 
2005). 
 
The mechanisms underlying aging are far from being utterly understood and are 
under continual scrutiny to improve the quality of life of the growing number of elderly 
people. No single theory is generally accepted to account for the aging process. On the 

contrary, nowadays, aging is recognized as a process involving the interplay between 
a network of damaging agents and a network of cellular defenses (Kirkwood TB and 
Franceschi C. Is aging as complex it would appear? New perspective in aging research. 
Ann NY Acad Sci 663: 412–417, 1992).  

The effects of aging on distinct organs and tissues have been widely demonstrated, as 
well as their relationship with the alteration of the organism oxidative stress (Ji LL, 
Leeuwenburgh C, Leichtweis S, Gore M, Fiebig R, Hollander J, and Bejma J. Oxidative 
stress and aging. Role of exercise and its influences on antioxidant systems. Ann NY Acad 
Sci 854: 102–117, 2000) (Balaban RS, Nemoto S, and Finkel T. Mitochondria, oxidants, 
and aging. Cell 120: 483–495, 2005). 



Several are the cellular sources of reactive oxygen species (ROS), and, to limit the 
damage they inflict, organisms have evolved a complex antioxidant defense mechanism, 
composed of enzymatic and nonenzymatic substances, which scavenge free radicals, thus 
contributing to maintain an adequate redox status (Davies KJ. Oxidative stress, 
antioxidant defenses, and damage removal, repair, and replacement systems. IUBMB Life 
50: 279–289, 2000).  

 

Oxidative stress is an unavoidable consequence of life in an oxygen-rich atmosphere. 
Oxygen radicals and other activated oxygen species are generated as by-products of 
aerobic metabolism and exposure to various natural and synthetic toxicants. The 
"Oxygen Paradox" is that oxygen is dangerous to the very life-forms for which it has 
become an essential component of energy production. The first defense against oxygen 
toxicity is the sharp gradient of oxygen tension, seen in all mammals, from the 
environmental level of 20% to a tissue concentration of only 3-4% 
oxygen. These relatively low tissue levels of oxygen prevent most oxidative damage 
from ever occurring.  I believe that this is wrong.  It has been long recognized that 
animals living in higher oxygen concentrations of Paleozoic  periods 
were much bigger and more robust.  According to Davies’ argument, the 
higher O2 levels should have been lethal, but they were not. 

Allegedly, cells, tissues, organs, and organisms utilize multiple layers of antioxidant 
defenses and damage removal, and replacement or repair systems in order to cope with 
the remaining stress and damage that oxygen engenders. The enzymes comprising many 
of these protective systems are inducible under conditions of oxidative stress adaptation, 
in which the expression of over 40 mammalian genes is upregulated. Mitotic cells have 
the additional defensive ability of entering a transient growth-arrested state (in the first 
stages of adaptation) in which DNA is protected by histone proteins, energy is conserved 
by diminished expression of nonessential genes, and the expression of shock and stress 
proteins is greatly increased.  Actually, it has been shown by Barry Halliwell that 
nuclear DNA, even with histones, is as susceptible or more susceptible to damage as 
compared to mitochondrial DNA. 

Failure to fully cope with an oxidative stress can switch mitotic cells into a permanent 
growth-arrested, senescence-like state in which they may survive for long periods. Faced 
with even more severe oxidative stress, or the declining protective enzymes and adaptive 
capacity associated with aging, cells may "sacrifice themselves" by apoptosis, which 
protects surrounding healthy tissue from further damage. Only under the most severe 
oxidative stress conditions will cells undergo a necrotic death, which exposes 
surrounding tissues to the further vicissitudes of an inflammatory immune response. This 
remarkable array of systems for defense; damage removal, replacement, and repair; 
adaptation; growth modulation; and apoptosis make it possible for us to enjoy life in an 
oxygen-rich environment (Davies KJ. Oxidative stress, antioxidant defenses, and damage 
removal, repair, and replacement systems. IUBMB Life 50: 279–289, 2000).  



I believe that Davies’ past work has shown that low levels of H2O2 allow for cellular 
proliferation. Increasing levels causes cellular arrest and high levels causes 
apoptosis.  This is as it should be and emphasizes the controlling role of EMODs for 
the life or death of a cell. 

Likewise, in a given signaling protein, oxidative attack induces either a loss of 
function, a gain of function, or a switch to a different function (Free Radicals in the 
Physiological Control of Cell Function. Wulf Dröge. Physiological Reviews, Vol. 82, No. 
1, January 2002, pp. 47-95).  I believe that this reinforces the incredible control levels 
of oxidants and redox mechanisms. 
 
Reactive oxygen species (ROS) influence many physiological processes including host 
defense, hormone biosynthesis, fertilization, and cellular signaling. Increased ROS 
production (termed "oxidative stress") has been implicated in various pathologies, 
including hypertension, atherosclerosis, diabetes, and chronic kidney disease. A major 
source for vascular and renal ROS is a family of nonphagocytic NAD(P)H oxidases, 
including the prototypic Nox2 homolog-based NAD(P)H oxidase, as well as other 
NAD(P)H oxidases, such as Nox1 and Nox4. Other possible sources include 

mitochondrial electron transport enzymes, xanthine oxidase, cyclooxygenase, 
lipoxygenase, and uncoupled nitric oxide synthase. NAD(P)H oxidase-derived ROS 
plays a physiological role in the regulation of endothelial function and vascular tone 
and a pathophysiological role in endothelial dysfunction, inflammation, 
hypertrophy, apoptosis, migration, fibrosis, angiogenesis, and rarefaction, important 
processes underlying cardiovascular and renal remodeling in hypertension and 
diabetes (NADPH Oxidases, Reactive Oxygen Species, and Hypertension. Clinical 
implications and therapeutic possibilities. Tamara M. Paravicini and Rhian M. Touyz. 
Diabetes Care 31:S170-S180, 2008).  

In physiological conditions the balance between prooxidant and 

antioxidant substances is kept slightly in favor of prooxidant products, 
thus favoring a mild oxidative stress state (Dröge W. Free radicals in the 
physiological control of cell function. Physiol Rev 82: 47–95, 2002).  I believe that this 
gives considerable support to my ROSI syndrome and of the fact that an EMOD 
insufficiency “allows” disease development and aging.  This also points out the 
potential dangers of antioxidants, in that they can shift or weaken the crucial 
prooxidant state for health maintenance. 

According to the "aging free radical theory," introduced by Harman (Harman D. 
Aging: a theory based on free radical and radiation chemistry. J Gerontol 2: 298–300, 
1956), aging is caused by an accumulative enhancement of the oxidative stress on 
various organs, tissues, and cell components (Navarro A, Gomez C, Lopez-Cepero JM, 
and Boveris A. Beneficial effects of moderate exercise on mice aging: survival, behavior, 
oxidative stress, and mitochondrial electron transfer. Am J Physiol Regul Integr Comp 
Physiol 286: R505–R511, 2004).  



In addition, Meydani et al. proposed that the redox balance is gradually more delicately 
set as the aging process develops, causing deregulation of cellular functions (Meydani M, 
Lipman RD, Han SN, Wu D, Beharka A, Martin KR, Bronson R, Cao G, Smith D, and 
Meydani SN. The effect of long-term dietary supplementation with antioxidants. Ann NY 
Acad Sci 854: 352–360, 1998). 
 
 
 
 

 
1.5.9.1 Caloric restriction did not alter H2O2 in rats 

Energy (calorie) restriction (ER), without malnutrition, is the only environmental 
intervention that consistently increases maximum life span in laboratory rodents. One 
theory proposes that a reduction in energy expenditure and reactive oxygen species 
production is the mechanism responsible for this action of ER. To further test this 
theory, proton leak, H2O2 production, lipid peroxidation, and protein carbonyls were 
measured in mitochondria from FBNF1 rats fed either a control or 40% ER diet (onset at 
6 mo of age). Liver mitochondria were isolated at 7 and 12 mo of age. Liver weight 
decreased 25 and 36% at 1 and 6 mo of ER, respectively (P < 0.05). ER resulted in an 
increase (P < 0.05) in percent total polyunsaturates, n-6 polyunsaturates, and total 
unsaturates (6 mo only) in mitochondrial lipids. These changes, however, were not 
associated with significant alterations in mitochondrial function. State 4 respiration and 
membrane potential were not different (P > 0.05) between groups at either assessment 
period. Similarly, proton leak kinetics were not different between control and ER 
animals. Top-down metabolic control analysis and its extension, elasticity analysis, were 
used at the 6-mo assessment and revealed no difference in control of the oxidative 
phosphorylation system between control and ER rats. H2O2 production with either 
succinate or pyruvate/malate substrates was also not different (P > 0.05) between 
groups at either time point. In conclusion, ER did not alter proton leak or H2O2 
production at this age or stage of restriction in liver (Ramsey JJ, Hagopian 
K, Kenny TM, Koomson EK, Bevilacqua L, Weindruch R, Harper ME.  Proton leak and 
hydrogen peroxide production in liver mitochondria from energy-restricted rats. Am J 
Physiol Endocrinol Metab. 2004 Jan;286(1):E31-40).  I believe that this discounts the 
idea that EMOD production is responsible for aging and that caloric restriction 
reduces EMOD production.  It does not. 
 
(Craving an answer. M. Leslie. Sci. Aging Knowl. Environ., February 15, 2006; 2006(6): 
nf7 - nf7) 
 
1.5.9.2  10 Fold Life Span Extension Reported In Simple Organism 

Biologists have created baker's yeast capable of living to 800 in yeast years without 
apparent side effects. The basic but important discovery, achieved through a combination 
of dietary and genetic changes, brings science closer to controlling the survival and health 
of the unit of all living systems: the cell. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ramsey+JJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Hagopian+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Hagopian+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kenny+TM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Koomson+EK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Bevilacqua+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Weindruch+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Harper+ME%22%5BAuthor%5D
http://agingcorpus.wordpress.com/2006/10/20/er-stress-aging/AL_get(this, 'jour', 'Am J Physiol Endocrinol Metab.');
http://agingcorpus.wordpress.com/2006/10/20/er-stress-aging/AL_get(this, 'jour', 'Am J Physiol Endocrinol Metab.');


"We're setting the foundation for reprogramming healthy life," said study leader Valter 
Longo of the University of Southern California.  The study is scheduled to appear in the 
Jan. 25, 2008 issue of the journal PLOS Genetics. A companion study, showing that the 
same genetic changes in yeast reverse the course of an accelerated aging syndrome, 
appears in the Jan. 14, 2008 issue of the Journal of Cell Biology. 
 
Longo's group put baker's yeast on a calorie-restricted diet and knocked out two 
genes, RAS2 and SCH9, that promote aging in yeast and cancer in humans.  "We got a 
10-fold life span extension that is, I think, the longest one that has ever been achieved in 
any organism," Longo said. In 2005, the same research group reported a five-fold life 
span extension in the journal Cell. Normal yeast organisms live about a week. 
 
"I would say 10-fold is pretty significant," said Anna McCormick, chief of the genetics 
and cell biology branch at the National Institute on Aging and Longo's program officer.   
The NIA funds such research in the hope of extending healthy life span in humans 
through the development of drugs that mimic the life-prolonging techniques used by 
Longo and others, McCormick added. 
 
Baker's yeast is one of the most studied and best understood organisms at the molecular 
and genetic level. Remarkably in light of its simplicity, yeast has led to the discovery of 
some of the most important genes and pathways regulating aging and disease in mice and 
other mammals. 
 
A study recently published in Cell (Issue 130, pages 247-258, 2007) reported that a 
mouse with a gene mutation first identified by Longo's group lived 30 percent longer than 
normal and also was protected against heart and bone diseases without apparent side 
effects.  Longo's group next plans to further investigate life span extension in mice, and 
also is studying a human population in Ecuador with mutations analogous to those 
described in yeast.  "People with two copies of the mutations have very small stature and 
other defects," he said. "We are now identifying the relatives with only one copy of the 
mutation, who are apparently normal. We hope that they will show a reduced incidence 
of diseases and an extended life span." 
 
Longo cautioned that, as in the Ecuador case, longevity mutations tend to come with 
severe growth deficits and other health problems. Finding drugs to extend the human 
life span without side effects will not be easy, he said.  An easier goal, Longo added, 
would be to use the knowledge gained about life span "in a fairly limited way, to 
reprogram disease prevention." 
 
In the study appearing in the Jan. 14, 2008 Journal of Cell Biology, Longo's group 
developed a yeast model for human Werner/Bloom syndromes, incurable diseases that 
prematurely age, increase cancer incidence and eventually kill their victims.  The same 
mutations that play a central role in the 10-fold life span extension reversed the premature 
aging process, the researchers found. 
 
Longo suggested that although a very simple system was used in his studies, existing 



drugs targeting analogous anti-aging pathways in humans specifically the pathway 
involving Insulin Growth Factor, or IGF-1 should be considered for testing on 
Werner/Bloom patients.   "Maybe it will do nothing, but having nothing else, I think it's 
certainly a good thing to try," Longo said. 
 
In the PLOS Genetics study, Longo's group identified a major overlap between the genes 
previously implicated in life span regulation for yeast and mammals and those involved 
in life span extension under calorie restriction. 
 
"We identified three transcription factors … that are very important for the effect of 
calorie restriction, but at the same time, we also showed that it's not enough because even 
without these transcription factors, calorie restriction can still extend life span a little bit," 
Longo said. 
 
"So that means that we've identified a lot of the key players in the calorie restriction 
effect but not all of them."  (RMH note:  None of these directly involve EMOD 
levels, which would discount the mitochondrial oxidation theory of aging.) 
 
Calorie restriction in practice, controlled starvation has long been shown to reduce 
disease and extend life span in species from yeast to mice.  Scientists believe that a 
nutrient shortage kicks organisms into a maintenance mode, enabling them to re-
direct energy from growth and reproduction into anti-aging systems until the time 
they can feed and breed again.  Calorie restriction is now being tested by other 
researchers on primates and even humans, Longo said. 
 
1.5.9.3  Maximal oxygen intake and EMOD levels delay biological aging  

By maintaining aerobic fitness through middle age and beyond, people can delay 
biological aging up to 12 years and prolong an independent lifestyle during old age, 
according to an analysis published on April 10, 2008 in the British Journal of Sports 
Medicine, a BMJ Specialty Journal. (Summary written by Anna Sophia McKenney  
Copyright: Medical News Today). 
 
Aerobic exercise improves oxygen consumption in the body as well as its use in 
generating energy, known as metabolism. (RMH Note:  Both increased oxygen 
consumption and ATP production result in increased EMOD generation).  Examples 
of aerobic exercise include jogging, and biking. However, one's maximum aerobic 
power starts to fall predictably beginning in middle age, decreasing 
about 5mL/kg/min every decade of life.  

In a typical sedentary man, by the age of 60 years, the maximal aerobic power will 
have dropped to about 25 mL/kg/min -- this is almost half what it was at age 20. 
When this ability drops below 18 (in men) or 15 (in women) mL/kg/min, it becomes 
very difficult to perform daily tasks without severe fatigue.  
 
However, according to evidence shown in this article, regular aerobic exercise can 



inhibit or even reverse this continuous decline, even later in life. This article 
combines data from many different sources to conclude that by increasing aerobic 
capacity, someone's biological aging can be slowed. Specifically, research shows that 
high intensity aerobic exercise over a long period boosted maximum aerobic power by 
25%. This corresponds to a gain of 6mL/kg/min, or by extrapolation, 10-12 biological 
years.  
 
The author indicates that this is hopeful news for elderly people. "There seems good 
evidence that the conservation of maximal oxygen intake increases the likelihood that the 
healthy elderly person will retain functional independence." Other potential positive 
effects could be the reduced risk of serious disease, a shorter recovery time after injury 
or illness, and the reduced risk of falls thanks to maintenance of muscle power, balance, 
and coordination. (Maximal oxygen intake and independence in old age. R J Shephard 
Br J Sports Med 2008;0:1-5. doi:10.1136/bjsm.2007.044800). 

 

Subatomic particles act as cellular carrier pigeons. 
Protons and electrons dart and fly around, 

whilst broadcasting messages and all the while 
they chirp the songs of life. 

R. M. Howes, M.D., Ph.D. 
1/22/08 

 

1.5.9.4  EMOD signaling and peroxide role 

Alternative roles of ROS as signaling molecules have been found in all plants and 
animals. For example, alveolar macrophages produce that act as second 
messengers, in addition to having a bactericidal role. The nonradical ROS H2O2 
signals inflammation in mammalian lungs, apoptosis in different animal tissues, and 
is also involved in stomatal closure, root development, gene expression, and defense 
responses of plants. Antioxidant adaptations in some water-breathing animals involve 
the excretion of H2O2 by diffusion through gas-exchange structures. The fine balance 
among a multitude of factors and cells makes the difference between damage and 
protection in animals and plants (Implications of dealing with airborne substances and 
reactive oxygen species: what mammalian lungs, animals, and plants have to say? 
Elisabeth Spinelli Oliveira et al. Integrative and Comparative Biology 2007 47(4):578-
591). 

1.5.9.5  Louisiana Healthy Aging Study challenges the free radical theory 

The aging process occurs at variable rates both among and within species and may be 
related to the variability in oxygen consumption and free radical production impacting 

oxidative stress. The current study was designed to test whether nonagenarians have a 



relatively low metabolic rate and whether it is associated with low levels of oxidative 
stress relative to age. 

Resting metabolic rate (RMR) and markers of oxidative stress to lipids, proteins, and 
DNA were measured in three groups of individuals aged 20–34 (n = 47), 60–74 (n = 49), 
and 90 years (n = 74).  

Results. RMR, adjusted for fat-free mass, fat mass, and sex, was lower in both older 
groups when compared to the young group (p .0001). There were no significant 
differences in urinary isoprostanes, serum protein carbonyls, or DNA fragmentation 

between groups, and RMR was not related to any markers of oxidative 

stress.   I believe that this is consistent with the studies on centenarians, which also 
showed lower levels of so-called oxidative stress, which is contrary to the teachings 
of the free radical theory, which postulate that EMOD production increases with 
age.  

Conclusions. This study confirms an age-related decline in RMR independent of changes 
in body composition but surprisingly did not show an accumulation of 
oxidative damage with increasing age.  

Frisard et al.’ data challenges the theory that RMR is a significant determinant 
of oxidative stress and therefore contributes to the aging process (Aging, Resting 
Metabolic Rate, and Oxidative Damage: Results From the Louisiana Healthy Aging 
Study. Madlyn I. Frisard, Amanda Broussard, Sean S. Davies, L. Jackson Roberts, II, 
Jennifer Rood, Lillian de Jonge, Xiaobing Fang, S. Michal Jazwinski, Walter A. Deutsch, 
Eric Ravussin and for the Louisiana Healthy Aging Study. The Journals of Gerontology 
Series A: Biological Sciences and Medical Sciences 62:752-759 (2007).  This study was 
done at Pennington in Baton Rouge. 

1.5.9.6  EMODs are not causative of aging 

Key genes, rather than cell and DNA damage, as causes of aging 

It afflicts every creature on this planet, and everyone dreams of an antidote. But even 
after decades of research, aging largely remains a mystery. Now new research findings 
suggest there is a good reason for this impasse: scientists may have been thinking about 
the causes of aging all wrong. Instead of being the result of an accumulation of genetic 
and cellular damage, as advanced by the free radical theory of aging, new evidence 
suggests that aging may occur when genetic programs for development go awry. 

The idea that stress and reactive forms of oxygen—“free radicals” that are the normal by-
products of metabolism—cause aging has dominated the field for 50 years. Studies on the 
worm Caenorhabditis elegans have shown that reducing exposure to reactive oxygen 
species increases life span, and worms that have been bred to live longer are also more 
resistant to stress. But few studies have definitively linked oxidative damage to altered 
cellular function.  I have pointed out the flaws of this approach for years.   



Scientists have also noticed that intrinsic genetic changes accompany aging. As mice age, 
a gene called p16INK4a, which controls cell growth and regeneration, becomes more 
active in most tissues, preventing the cells from regenerating as easily as younger cells do 
in response to injury or disease. And compared with muscle stem cells in young mice, 
those in older mice accumulate a complex of proteins that, over time, transform muscle 
into fibrous, fatty tissue. 

These findings did little, however, to challenge the idea that aging is the result of damage 
accumulation, because these genetic changes may simply be a consequence of aging 
rather than the culprit. “That’s always the challenge, to try to get cause and effect,” says 
Brian Kennedy, a biochemist at the University of Washington. And although studies have 
shown that changing the expression of certain genes can affect an organism’s life span, it 
is unclear whether these genes are actually involved in the normal aging process. 

A recent paper published in the journal Cell, however, suggests that genetic programs 
do drive aging. Scientists at Stanford University and the University of Colorado at 
Boulder compared the genes that turn on in young nematode worms with those expressed 
in old worms. Although more than 1,000 genes differed, most of them were under the 
control of just three, called ELT-3, ELT-5 and ELT-6. These genes are transcription 
factors—molecular switches that turn other genes on and off. “There were hundreds of 
things that had gone awry, but they were all traced back to these three transcription 
factors,” which are known to be involved in the development of specialized membranous 
cells, explains Stanford developmental biologist and study co-author Stuart Kim. The 
expression of the three transcription factors also differed in young and old worms. 

To see whether damage accumulation ultimately affected these transcription factors, 
the scientists exposed worms to oxidative stress, infection and radiation, but nothing 
affected the factors’ expression. The changes “seem to be intrinsic to the 
genome of the worm,” Kim says—not brought on by outside influences. In addition, 
when the researchers stopped the expression of ELT-5 and ELT-6, which typically 
become more active in old age, the worms lived 50 percent longer. “I was totally 
surprised,” Kim remarks. 

The study’s findings also agree with conventional wisdom linking life span to reduced 
calorie intake. The researchers found that the three transcription factors are under the 
control of the insulin-like signaling pathway, which controls how an organism’s 
metabolism changes in response to famine. One of the things the insulin-like signaling 
pathway does during periods of caloric restriction, Kim says, is to reset the ELT 
transcription factors and their counterparts in other organisms “to a younger state.” 
Scientists believe that the plant compound resveratrol, which increases life span in 
some organisms, mimics the effects of caloric restriction and resets these pathways, 
too. 

Kim does not believe that the transcription factors are programmed to trigger aging. 
Instead, he speculates, their function becomes unbalanced as worms get older. Evolution, 
after all, selects for genes that help individuals reproduce, but once organisms have 



passed breeding age, they are no longer subject to its control. “Entire biological systems 
drift away when nature doesn’t care anymore,” Kim notes. ELT-3, ELT-5 and ELT-6 
may play an important role in the development of young worms, but after their job is 
done, their function could go awry—and this “developmental drift,” as Kim calls it, could 
actually cause aging. 

If aging is primarily a genetic process, conceivably it could one day be preventable. 
No one yet knows, however, whether the human counterparts to the ELT genes—called 
GATA transcription factors—might also be involved in normal aging. 

1.5.9.7  Longevity linked to fatty acid membrane composition 
 
Maximum life span differences among animal species exceed life span variation achieved 
by experimental manipulation by orders of magnitude. The differences in the 
characteristic maximum life span of species was initially proposed to be due to variation 

in mass-specific rate of metabolism. This is called the rate-of-living theory of aging and 
lies at the base of the oxidative-stress theory of aging, currently the most generally 
accepted explanation of aging. However, the rate-of-living theory of aging while helpful 
is not completely adequate in explaining the maximum life span. Recently, it has been 
discovered that the fatty acid composition of cell membranes varies systematically 
between species, and this underlies the variation in their metabolic rate. When 
combined with the fact that 1) the products of lipid peroxidation are powerful reactive 
molecular species, and 2) that fatty acids differ dramatically in their susceptibility to 
peroxidation, membrane fatty acid composition provides a mechanistic explanation of the 
variation in maximum life span among animal species. When the connection between 
metabolic rate and life span was first proposed a century ago, it was not known that 
membrane composition varies between species. Many of the exceptions to the rate-of-
living theory appear explicable when the particular membrane fatty acid composition is 
considered for each case  (Life and Death: Metabolic Rate, Membrane Composition, and 
Life Span of Animals. A. J. Hulbert, Reinald Pamplona, Rochelle Buffenstein and W. A. 
Buttemer. Physiol. Rev. 87: 1175-1213, 2007). 
 
 

 
 
 

The late Robert F. Kennedy said, “Few are willing to brave the  
disapproval of their colleagues, the wrath of their society.  Moral 

courage is a rarer commodity than bravery in battle  
or great intelligence.  

Yet is is the one essential vital quality for those who seek to change  
a world that yields the most painfully to change.” 
So it is with opponents of the free radical theory, 
who have been besmirched by theory sycophants 

with great “radicule.” 



R. M. Howes, M.D., Ph.D. 
5/15/08 

 
 
 
 
1.6.0.0  Antiaging:  High hopes, disappointing results: Antioxidants 
 
The following has been excerpted, abstracted or modified from: Nabil S. Kamel, 
Julie Gammack, Oscar Cepeda, and Joseph H. Flaherty.   Antioxidants and hormones 
as antiaging therapies:  High hopes, disappointing results. Cleveland Clinic Journal of 
Medicine Vol. 73 • No. 12 December 2006. pp. 1049-1057. 
 
Abstract:  No single agent has been shown to truly reverse aging or 
increase longevity in humans. This article reviews the evidence of efficacy (or 
lack thereof) for two types of agents touted as antiaging therapies: antioxidants (vitamin 
E, vitamin C, and carotenoids) and hormones (growth hormone, testosterone, 
dehydroepiandrosterone, and vitamin D). 
 
1.6.0.1  Emphasis points:   
Though the term has been used for decades, it became popular in the late ’80s; McKean 
found a 1984 article on “anti-aging” in The Washington Post describing an investigation 
into medical quackery. Conducted by the Senate Special Committee on Aging, the 
investigation found arthritis cures made of “moon dust,” ground diamonds being sold as 
cancer medicines, “and anti-aging serums containing placenta extracts, amino acids or 
other worthless chemicals” to support the daily use of the antioxidants vitamin 
A, the vitamin A precursor beta-carotene, vitamin C, or vitamin E as 
antiaging therapies. 
 
Although these antioxidants may reduce serum cholesterol levels, they had little 
effect on cerebrovascular and cardiovascular disease in clinical trials and in fact 
may even increase overall mortality. Data are inconsistent on their effect on cognition. 
 
Although serum levels of many hormones decline with age, additional research is needed 
to prove that these declining levels are pathologic and that hormone replacement actually 
affects the aging process. 
 
Vitamin D is indicated in combination with calcium supplementation in osteoporosis 
treatment; it also has been shown to improve muscle strength and function in older 
adults. I have only seen favorable results with the prooxidant, vitamin D3. 
 
Scientists have yet to uncover convincing evidence that any single “antiaging 
therapy” truly reverses aging or increases longevity in humans, although some 
interventions have demonstrated these effects in laboratory animals. The antiaging 
controversy thus leaves it to clinicians to interpret both reputable and questionable data 



with the hope of improving both quality and quantity of life for patients. It is important to 
point out that data obtained with lower animals may not extrapolate to humans. 
 
This article focuses on specific antioxidant and hormonal therapies that are touted as 
antiaging interventions with respect to their effects on mortality and functional status 
(in contrast to their use in disease or deficiency states). They also discuss harmful effects 
of these therapies. 
 
Over 50% of the American public is aware of antiaging therapies (Harris Interactive, 
Inc. Anti-aging medicine, vitamins, minerals and food supplements: a public opinion 
survey conducted for the International Longevity Center. J Anti Aging Med 2003; 6:83–
90), although only a small percentage of people currently use them. Interest in this area is 
growing, however, for several possible reasons. The baby-boomer generation is entering 
its senior years, and the geriatric population in the United States will increase 
tremendously in the next few decades.  
 
At the same time, the use of alternative therapies is on the rise (Eisenberg DM, Davis RB, 
Ettner SL, et al. Trends in alternative medicine use in the United States, 1990–1997: 
results of a follow-up national survey. JAMA 1998; 280:1569–1575), progress is being 
made in understanding aging, and the public has more access to information resources 
(media and the Internet) than ever before (Fisher AL, Hill R. Ethical and legal issues in 
antiaging medicine. Clin Geriatr Med 2004; 20:361–382). 
 
Table 1 
 
1.6.0.2  Nutritional supplements with antioxidant properties 
 
Vitamins 
Coenzyme Q10 
Nicotinamide adenine dinucleotide (NADH) 
Vitamin A 
Vitamin B2 
Vitamin C 
Vitamin E 
Minerals 
Copper 
Manganese 
Selenium 
Zinc 
Amino acids 
Cysteine 
Glutamine (glutathione precursor) 
Glutathione 
Methionine 
Taurine 
Herbs 



Bilberry 
Garlic 
Ginkgo biloba 
Green tea 
Milk thistle 
Sage 
Turmeric 
Hormonal 
Alpha-carotene 
Beta-carotene 
Carotenoids 
Melatonin 
Lycopene 
Miscellaneous 
Alpha-lipoic acid 
Grape seed extract 
N-Acetylcysteine 
 
In theory, antiaging interventions could modify the biochemical and molecular events  
causing aging, correct physiological changes responsible for symptoms and signs of 
aging, or decrease the susceptibility to disease associated with aging.  The American 
Academy of Anti-Aging Medicine (A4M), an organization that claims a membership of 
11,500 physicians and scientists from 65 countries, states on its Web site that “the 
disabilities associated with normal aging are caused by physiological dysfunction which 
in many cases are [sic] ameliorable to medical treatment, such that the human life span 
can be increased, and the quality of one’s life improved as one grows chronologically 
older.” (http://www.worldhealth.net/p/96.html, accessed November 10, 2006) 
 
The Palm Springs Life Extension Institute Web site advertises that, “by restoring your 
hormones to young-adult levels, [the Institute] can help you avoid age-related illnesses, 
reverse your biological age, extend your life expectancy, and significantly improve the 
quality of your additional years.”  (http://www.totalhormonegenetherapy.com, accessed 
November 1, 2005)  
 
No wonder, then, that the business of antiaging medicine has grown into a 
multimillion dollar industry that sells products claimed to slow, stop, or reverse 
human aging (Fisher A, Morley JE. Anti-aging & complementary therapies. In:  
Landefeld CS, Palmer RM, Johnston CB, Lyons WL, Johnson MAG, editors. Current 
Geriatric Diagnosis & Treatment. New York: Lange Medical Books/McGraw-Hill, 
2004:468–481). 
 
Thus, primary care physicians may be asked more and more by their aging patients if 
these therapies will improve their health and prolong their life—an area that receives 
little attention in the traditional curriculum of medical schools. 
 
1.6.0.3  Use of antioxidant vitamins for antiaging therapy could be dangerous 



In general, it is accepted that so-called oxidative stress is involved in cellular aging via 
mitochondrial damage. However a 2007 recent publication by Ristow and colleagues in 
Cell Metabolism challenges this view. 
 
They found that increasing cellular glucose uptake is a fundamental concept in treatment 
of type 2 diabetes, whereas nutritive calorie restriction increases life expectancy. They 
showed that increased glucose availability decreases Caenorhabditis elegans life span, 
while impaired glucose metabolism extends life expectancy by inducing 
mitochondrial respiration. The histone deacetylase Sir2.1 is found here to be 
dispensable for this phenotype, whereas disruption of aak-2, a homolog of AMP-
dependent kinase (AMPK), abolishes extension of life span due to impaired glycolysis. 
Reduced glucose availability promotes formation of reactive oxygen species (ROS), 
induces catalase activity, and increases oxidative stress resistance and survival rates, 
altogether providing direct evidence for a hitherto hypothetical concept named 
mitochondrial hormesis or "mitohormesis." Accordingly, treatment of nematodes 
with different antioxidants and vitamins prevents extension of life span. 
In summary, these data indicate that glucose restriction promotes mitochondrial 
metabolism, causing increased ROS formation and cumulating in hormetic extension of 
life span, questioning current treatments of type 2 diabetes as well as the widespread 
use of antioxidant supplements (Glucose Restriction Extends Caenorhabditis elegans 
Life Span by Inducing Mitochondrial Respiration and Increasing Oxidative Stress. Tim 
J. Schulz, Kim Zarse, Anja Voigt, Nadine Urban, Marc Birringer, and Michael Ristow. 
Cell Metabolism, Vol 6, 280-293, 03 October 2007).   

Ristow's group further demonstrated in their report that antioxidants and vitamins given 
to the worms erased the life-extending benefits of sugar deprivation, raising questions 
about the widespread use of antioxidant supplements.  In the US and Europe, added sugar 
accounts for 15 to 20 percent of daily calories, and the breakdown of that sugar always 
generates glucose.  In westernized countries, glucose represents a key dietary component 
since the most commonly ingested sugar, sucrose, contains equal amounts of glucose and 
fructose.   

Unable to depend on glucose for energy, the long-lived worms ramped up the activity of 
cellular powerhouses known as mitochondria to fuel their bodies, Ristow said. That 
mitochondrial activity led to the increased production of reactive oxygen species, 
sometimes referred to as free radicals. In turn, the worms' defenses against "oxidative 
stress" increased, the researchers found.  

Free radicals are usually considered harmful, Ristow said, and scientists have 
generally thought that exposure to them would shorten life span. The new findings 
suggest that, at least in some cases, the opposite may be true.  

Indeed, even when the researchers returned the worms to their normal environment, 
allowing them to again use glucose for energy, the worms' increased defenses and 
longevity persisted, Ristow said. In contrast, treatment with antioxidant vitamins 
prevented the oxidative stress and the defenses against it, eliminating the life-boosting 



effects. Ristow called the result "scary" because it means that, rather than being 
protective, antioxidant pills may actually leave the body more vulnerable 
by thwarting those natural defenses.  

Ristow doesn't recommend that people toss out their multivitamins just yet, however, 
cautioning that his findings were made in worms. He also noted that antioxidant-rich 
foods, including fruits and vegetables, contain thousands of substances--many of which 
have yet to be identified. While scientists don't yet know what all those ingredients do, 
it's clear that such natural foods support "healthy pathways," Ristow said. 

1.6.1.0  Antioxidants and myths 
 
One of the most studied hypotheses about aging is that it is caused by so-called oxidative 
stress.  Oxidation can damage proteins, DNA, and lipids. In humans, oxidation may play 
a role in atherosclerosis, cancer, Parkinson disease, and Alzheimer disease (Fisher A, 
Morley JE. Anti-aging & complementary therapies. In:  Landefeld CS, Palmer RM, 
Johnston CB, Lyons WL, Johnson MAG, editors. Current Geriatric Diagnosis & 
Treatment. New York: Lange Medical Books/McGraw-Hill, 2004:468–481). 
 
Numerous  nutritional supplements have or are claimed to have antioxidant properties 
(TABLE 1) (Balch JF, Stengler M. Prescription for Natural Cures: A Self-care Guide 
for Treating Health Problems with Natural Remedies, Including Diet and Nutrition, 
Nutritional Supplements, Bodywork, and More. Hoboken, NJ: John Wiley & Sons, 
2004:550–592. (Trivieri L Jr, Anderson JW, editors. Alternative Medicine: The 
Definitive Guide, 2nd ed. Berkeley, CA: Celestial Arts, 2002:393–405) (Balch PA. 
Prescription for Nutritional Healing, 3rd ed. New York:  Avery, 2000:53–58).  
 
These substances vary in the exact mechanism and potency of the antioxidant effect. The 
following section discusses the effects of the most extensively studied antioxidants: 
vitamin A, its precursor beta-carotene, vitamin C, and vitamin E (TABLE 2). 
 
1.6.1.1  Cardiovascular and cerebrovascular effects of antioxidants 
Three studies found that antioxidants had no effect on cerebrovascular and cardiovascular 
diseases; one study found that beta-carotene reduced the risk of stroke. In the 
Physicians’ Health Study, Muntwyler et al. analyzed data from a prospective cohort 
study of 83,639 US male physicians, of whom 29% were taking vitamin E, vitamin C, or 
multivitamin supplements on a self-selected basis. The authors concluded that these 
supplements were not associated with a significant decrease in total cardiovascular 
diseases or coronary heart disease mortality (Muntwyler J, Hennekens CH, Manson 
JE, Buring JE, Gaziano JM. Vitamin supplement use in low-risk population of US male 
physicians and subsequent cardiovascular mortality. Arch Intern Med 2002; 162:1472–
1476).  
 
Ascherio et al, in another prospective study in 43,738 men 40 to 75 years old with 
no cardiovascular disease or diabetes, reported that vitamins E and C and certain 
carotenoids did not reduce the risk of stroke (Ascherio A, Rimm EB, Hernán 



MA, et al. Relation of consumption of vitamin E, vitamin C, and carotenoids to risk for 
stroke among men in the United States. Ann Intern Med 1999; 130:963–970). 
 
The Heart Outcome Prevention Evaluation (HOPE) trial, a randomized controlled 
trial in patients 55 years or older who had cardiovascular disease or diabetes, found that 
taking vitamin E 400 IU daily for an average of 4.5 years had no effect 
on their cardiovascular outcomes or nephropathy (Lonn E, Yusuf S, 
Hoogwerf B, et al; HOPE Study; MICRO-HOPE Study. Effects of vitamin E on 
cardiovascular and microvascular outcomes in high-risk patients with diabetes: results of 
the HOPE study and MICRO-HOPE substudy. Diabetes Care 2002; 25:1919–1927).  
 
The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study, in contrast, 
found that dietary intake of beta-carotene was inversely associated with 
the risk of cerebral infarction (relative risk [RR] 0.47, 95% confidence interval 
[CI] 0.60–0.91) in a 6.1-year follow-up of 26,593 male smokers 50 to 69 years old 
(Hirvonen T, Virtamo J, Korhonen P, Albanes D, Pietinen P. Intake of flavonoids, 
carotenoids, vitamins C and E, and risk of stroke in male smokers. Stroke 2000; 31:2301–
2306).  
 
1.6.1.2  Effect of antioxidants on lipids 
 
Data are inconsistent on the effect of antioxidants on serum lipid levels.  
 
Rezaian et al, in a randomized, doubleblind, placebo-controlled study in 120 subjects 
age 50 and older with no cardiovascular disease, reported that the antioxidant vitamins 
C and E alone or in combination decreased the serum cholesterol and low-density 
lipoprotein cholesterol (LDL-C) levels and raised the serum high-density lipoprotein 
cholesterol (HDL-C) level (Rezaian GR, Taheri M, Mozaffari BE, Mosleh AA, 
Ghalambor MA. The salutary effects of antioxidant vitamins on the plasma lipids of 
healthy middle aged-to-elderly individuals: a randomized, doubleblind, placebo-
controlled study. J Med Liban 2002; 50:10–13). 
 
Brown et al,15 in a 3-year, randomized, double-blind, placebo-controlled study in 160 
patients younger than 70 years with coronary heart disease, low HDL-C, and normal 
LDLC, reported that the antioxidants vitamin E, vitamin C, beta-carotene, and 
selenium attenuated the beneficial effects of the lipidlowering drugs simvastatin and 
niacin on lipid levels and coronary stenosis. The average stenosis progressed by 3.9% 
with placebo, 1.8% with antioxidants alone, and 0.7% with antioxidants plus simvastatin 
and niacin; it regressed by 0.4% with simvastatin and niacin alone (Brown BG, Zhao XQ, 
Chait A, et al. Simvastatin and niacin, antioxidant vitamins, or the combination for the 
prevention of coronary disease. N Engl J Med 2001; 345:1583–1592). 
 
1.6.1.3  Summary of the effects of antioxidants as antiaging interventions 
 
1.6.1.4  Vitamin E 
 



1.6.1.5  No decrease in total cardiovascular mortality  
 
(Muntwyler J, Hennekens CH, Manson JE, Buring JE, Gaziano JM. Vitamin supplement 
use in low-risk population of US male physicians and subsequent cardiovascular 
mortality. Arch Intern Med 2002; 162:1472–1476) (Vivekananthan DP, Penn MS, Sapp 
SK, Hsu A, Topol EJ. Use of antioxidant vitamins for the prevention of cardiovascular 
disease:  meta-analysis of randomised trials. Lancet 2003; 361:2017–2023). 
 
1.6.1.6  AHA updated vitamin E and folate guidelines for women's lifetime heart 
risk 

Daily vitamin E doses of 400 international units (IU) or more can 
increase the risk of death and should be avoided, researchers reported at the 
American Heart Association’s Scientific Sessions 2004.  To determine if there is a “dose 
response,” researchers examined different doses of vitamin E supplements and risk of 
death from any cause.  They studied death rates in published clinical trials comparing 
vitamin E supplementation to placebo and included findings from 14 studies, from 1993 
to 2004.  Doses ranged from 15 to 2000 IU/day, and average intake was about 400 IU a 
day. 

“Increasing doses of vitamin E were linked to an increase in death,” said lead author 
Edgar R. Miller, M.D., Ph.D., associate professor of medicine at Johns Hopkins 
University in Baltimore, Md.  Those who take greater than 400 IU of vitamin E a day 
are about 10 percent more likely to die than those who do not 

These findings parallel the findings of  beta carotene supplementation trials.  Two major 
studies showed that beta carotene supplementation results in an increased risk for 
lung cancer and death.  And, as a result, "you will never see beta carotene supplements 
recommended again,” he said. 

The 2007 Guidelines for Preventing Cardiovascular Disease in Women – published 
2/19/07 in a special women’s health issue of Circulation: Journal of the American Heart 
Association – also include new directions for using aspirin, hormone therapy and vitamin 
and mineral supplements in heart disease and stroke prevention in women. 

“The updated guidelines emphasize the lifetime risk of women, not just the more short-
term focus of the 2004 guidelines,” said Lori Mosca, M.D., Ph.D., director of preventive 
cardiology at New York–Presbyterian Hospital and chair of the American Heart 
Association expert panel that wrote the guidelines.  “We took a long-term view of heart 
disease prevention because the lifetime risk of dying of cardiovascular disease 
(CVD) is nearly one in three for women. This underscores the importance of healthy 
lifestyles in women of all ages to reduce the long-term risk of heart and blood vessel 
diseases.” 
 
Antioxidant supplements (such as vitamin E, C and beta-carotene) should not be 
used for primary or secondary prevention of CVD. 



 
Folic acid should not be used to prevent CVD – a change from the 2004 guidelines that 
did recommend it be considered for use in certain high-risk women 
  
1.6.1.7  No reduction in risk of stroke  
(Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of antioxidant vitamins 
for the prevention of cardiovascular disease:  meta-analysis of randomised trials. Lancet 
2003; 361:2017–2023) (Ascherio A, Rimm EB, Hernán MA, et al. Relation of 
consumption of vitamin E, vitamin C, and carotenoids to risk for stroke among men in 
the United States. Ann Intern Med 1999; 130:963–970) (Lonn E, Yusuf S, Hoogwerf B, 
et al; HOPE Study; MICRO-HOPE Study. Effects of vitamin E on cardiovascular and 
microvascular outcomes in high-risk patients with diabetes: results of the HOPE study 
and MICRO-HOPE substudy. Diabetes Care 2002; 25:1919–1927). 
 
1.6.1.8  Inconsistent data on the effect on lipids  
(Rezaian GR, Taheri M, Mozaffari BE, Mosleh AA, Ghalambor MA. The salutary effects 
of antioxidant vitamins on the plasma lipids of healthy middle aged-to-elderly 
individuals: a randomized, doubleblind, placebo-controlled study. J Med Liban 2002; 
50:10–13) (Brown BG, Zhao XQ, Chait A, et al. Simvastatin and niacin, antioxidant 
vitamins, or the combination for the prevention of coronary disease. N Engl J Med 2001; 
345:1583–1592). 
 
 
 

Memory is an approximation only. 
The recipe of recall is made with a  

dash of facts, a pinch of fantasy and  
a smidgen of fabrication….and 

don’t you forget it. 
R. M. Howes, M.D., Ph.D. 

1/08/07 
 
 
 
 
 
1.6.1.9  Inconsistent data on the effect on cognition  
(Zandi PP, Anthony JC, Khachaturian AS, et al; Cache County Study 
Group. Reduced risk of Alzheimer disease in users of antioxidant vitamin 
supplements: the Cache County Study. Arch Neurol 2004; 61:82–88) (Yaffe K, Clemons 
TE, McBee WL, Lindblad AS; Age-Related Eye Disease Study Research Group. Impact 
of antioxidants, zinc, and copper on cognition in the elderly: a randomized, controlled 
trial. Neurology 2004; 63:1705–1707) (Perkins AJ, Hendrie HC, Callahan CM, et al. 
Association of antioxidants with memory in multiethnic elderly sample using the Third 
National Health and Nutrition Examination Survey. Am J Epidemiol 1999; 150:37–44)  
(Rinaldi P, Polidori MC, Metastasio A, et al. Plasma antioxidants are similarly depleted 



in mild cognitive impairment and in Alzheimer’s disease. Neurobiol Aging 2003; 
24:915–919) (Gray SL, Hanlon JT, Landerman LR, Artz M, Schmader KE, 
FillenbaumGG. Is antioxidant use protective of cognitive function in the community-
dwelling elderly? Am J Geriatr Pharmacother 2003; 1:3–10). 
 
1.6.1.10  Insufficient evidence in the treatment of Alzheimer disease  
(Tabet N, Birks J, Grimley Evans J. Vitamin E for Alzheimer’s disease. Cochrane 
Database Syst Rev 2000;(4):CD002854). 
 
1.6.1.11  Inconsistent data on all-cause mortality  
(Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of 
antioxidant vitamins for the prevention of cardiovascular disease: 
meta-analysis of randomised trials. Lancet 2003; 361:2017–2023). (Miller ER 3rd, 
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). 
 
1.6.2.0  Vitamin C 
1.6.2.1  No decrease in total cardiovascular mortality  
(Muntwyler J, Hennekens CH, Manson JE, Buring JE, Gaziano JM. Vitamin supplement 
use in low-risk population of US male physicians and subsequent cardiovascular 
mortality. Arch Intern Med 2002; 162:1472–1476). 
 
1.6.2.2  No reduction in risk of stroke  
(Ascherio A, Rimm EB, Hernán MA, et al. Relation of consumption of vitamin E, 
vitamin C, and carotenoids to risk for stroke among men in the United States. Ann Intern 
Med 1999; 130:963–970). 
 
1.6.2.3  Inconsistent data on lipid profile   
(Rezaian GR, Taheri M, Mozaffari BE, Mosleh AA, Ghalambor MA. The salutary effects 
of antioxidant vitamins on the plasma lipids of healthy middle aged-to-elderly 
individuals: a randomized, doubleblind, placebo-controlled study. J Med Liban 2002; 
50:10–13) (Brown BG, Zhao XQ, Chait A, et al. Simvastatin and niacin, antioxidant 
vitamins, or the combination for the prevention of coronary disease. N Engl J Med 2001; 
345:1583–1592). 
 
1.6.3.0  Carotenoids 
 
1.6.3.1  Inconsistent data on risk of stroke  
(Ascherio A, Rimm EB, Hernán MA, et al. Relation of consumption of vitamin E, 
vitamin C, and carotenoids to risk for stroke among men in the United States. Ann Intern 
Med 1999; 130:963–970) (Hirvonen T, Virtamo J, Korhonen P, Albanes D, Pietinen P. 
Intake of flavonoids, carotenoids, vitamins C and E, and risk of stroke in male smokers. 
Stroke 2000; 31:2301–2306). 
 
1.6.3.2  Increase in all-cause mortality  



(Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of antioxidant vitamins 
for the prevention of cardiovascular disease: meta-analysis of randomised trials. Lancet 
2003; 361:2017–2023). 
 
1.6.3.3  Increase in cardiovascular mortality  
(Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of antioxidant vitamins 
for the prevention of cardiovascular disease:  meta-analysis of randomised trials. Lancet 
2003; 361:2017–2023). 
 
1.6.4.0  Effects of antioxidants on cognition 
Several studies suggested that antioxidants may prevent cognitive decline, while others 
had inconsistent results. 
 
Zandi et al. performed a cross-sectional and prospective study in patients 65 years and 
older and concluded that the use of vitamin E and C supplements in combination (but not 
independently) is associated with reduced prevalence and incidence of Alzheimer 
disease (hazard ratio [HR] 0.36, 95% CI 0.09–0.99). The wide confidence interval and 
nature of this study design minimize its potential impact for clinicians (Zandi PP, 
Anthony JC, Khachaturian AS, et al; Cache County Study Group. Reduced risk of 
Alzheimer disease in users of antioxidant vitamin supplements: the Cache County Study. 
Arch Neurol 2004; 61:82–88).  
 
Yaffe et al. performed a controlled study in 2,166 elderly people in the Age-Related 
Eye Disease Study, randomizing them to four regimens: antioxidants (vitamin E, vitamin 
C, and beta-carotene); zinc and copper; antioxidants plus zinc and copper; or placebo. 
None of the regimens was beneficial or harmful with respect to 
cognition (P > .05 for all) (Yaffe K, Clemons TE, McBee WL, Lindblad AS; Age-
Related Eye Disease Study Research Group. Impact of antioxidants, zinc, and copper on 
cognition in the elderly: a randomized, controlled trial. Neurology 2004; 63:1705–1707).  
 
The Third National Health and Nutrition Examination Survey assessed memory in 
4,809 elderly people and found that the lower the serum level of vitamin E, the greater 
the degree of memory impairment (Perkins AJ, Hendrie HC, Callahan CM, et al. 
Association of antioxidants with memory in multiethnic elderly sample using the Third 
National Health and Nutrition Examination Survey. Am J Epidemiol 1999; 150:37–44). 
 
Serum vitamin A, vitamin C, beta-carotene, and selenium levels were not associated 
with poor memory performance. This finding does not prove a causal relationship 
between low antioxidant levels and memory loss. 
 
Rinaldi et al. found significantly lower antioxidant levels of vitamins A, C, and E 
and carotenoids in 25 elderly people with mild cognitive impairment and 63 people 
with Alzheimer disease compared with 53 controls (Rinaldi P, Polidori MC, 
Metastasio A, et al. Plasma antioxidants are similarly depleted in mild cognitive 
impairment and in Alzheimer’s disease. Neurobiol Aging 2003; 24:915–919). 
 



Gray et al. studied 2,082 communitydwelling elderly people from the Duke 
Established Populations for Epidemiologic Studies of the Elderly. The incidence of 
cognitive decline was 34% lower in those who used vitamins A, C, and E 
(plus selenium or zinc) (adjusted RR 0.66; 95% CI 0.44–1.00). The nonrandomized 
design and self-reported dosing and duration of antioxidant use significantly limit the 
usefulness of these data (Gray SL, Hanlon JT, Landerman LR, Artz M, Schmader KE, 
FillenbaumGG. Is antioxidant use protective of cognitive function in the community-
dwelling elderly? Am J Geriatr Pharmacother 2003; 1:3–10). 
 
A Cochrane review of randomized double-blind trials of the use of vitamin E at any 
dose vs placebo in the treatment of Alzheimer disease found only one study of sufficient 
quality for evaluation. Vitamin E users were less likely to die or experience a decline 
in function; however, they were more likely to fall than nonusers (Tabet N, Birks J, 
Grimley Evans J. Vitamin E for Alzheimer’s disease. Cochrane Database Syst Rev 
2000;(4): CD002854). 
 
1.6.4.1  Testosterone 
 
1.6.4.2  Decrease in fat mass and increase in lean mass  
(Snyder PJ, Peachey H, Hannoush P, et al. Effect of testosterone treatment 
on body composition and muscle strength in men over 65 years of age. J Clin Endocrinol 
Metab 1999; 84:2647–2653 (Wittert GA, Chapman IM, Haren MT, Mackintosh S, Coates 
P, Morley JE. Oral testosterone supplementation increases muscle and decreases 
fat mass in healthy elderly males with low-normal gonadal status. J Gerontol A Biol Sci 
Med Sci 2003; 58:618–625) (Nair KS, Rizza RA, O’Brien P, et al. DHEA in elderly 
women and DHEA or testosterone in elderly men. N Engl J Med 2006; 355: 1647–1659). 
 
1.6.4.3  Mixed data on the effect on cognition  
(Sih R, Morley JE, Kaiser FE, Perry HM 3rd, Patrick P, Ross C. Testosterone 
replacement in older hypogonadal men: a 12-month randomized controlled trial. J Clin 
Endocrinol Metab 1997; 82:1661–1667) (Cherrier MM, Matsumoto AM, Amory JK, et 
al. The role of aromatization in testosterone supplementation: effects on cognition in 
older men. Neurology 2005; 64:290–296) (O’Connor DB, Archer J, Hair WM, Wu FC. 
Activational effects of testosterone on cognitive function in men. Neuropsychologia 
2001;39:1385–1394) (Kenny AM, Bellantonio S, Gruman CA, Acosta RD, Prestwood 
KM. Effects of transdermal testosterone on cognitive function and health perception in 
older men with low bioavailable testosterone levels. J Gerontol A Biol Sci Med Sci 2002; 
57:M321–M325) (Haren MT, Wittert GA, Chapman IM, Coates P, Morley JE. Effect of 
oral testosterone undecanoate on visuospatial cognition, mood and quality of life in 
elderly men with low-normal gonadal status. Maturitas 2005; 50:124–133). 
 
1.6.5.0  Dehydroepiandrosterone 
 
1.6.5.1  Inconsistent data on muscle mass, fat mass, and strength  
(Villareal DT, Holloszy JO. Effect of DHEA on abdominal fat and insulin action in 
elderly women and men: a randomized controlled trial. JAMA 2004; 292:2243–2248) 



(Diamond P, Cusan L, Gomez JL, Belanger A, Labrie F. Metabolic effects of 12-month 
percutaneous dehydroepiandrosterone replacement therapy in postmenopausal women. J 
Endocrinol 1996; 150(suppl):S43–S50) (Villareal DT, Holloszy JO, Kohrt WM. Effects 
of DHEA replacement on bone mineral density and body composition in elderly women 
and men. Clin Endocrinol (Oxf) 2000; 53:561–568) (Flynn MA, Weaver-Osterholtz D, 
Sharpe-Timms KL, Allen S, Krause G. Dehydroepiandrosterone replacement in aging 
humans. J Clin Endocrinol Metab 1999; 84:1527–1533) (Arlt W, Callies F, Koehler I, et 
al. Dehydroepiandrosterone supplementation in healthy men with an age-related decline 
of dehydroepiandrosterone secretion. J Clin Endocrinol Metab 2001; 86:4686–4692). 
 
1.6.5.2  Insufficient evidence for improvement in cognition  
(Wolkowitz OM, Kramer JH, Reus VI, et al; DHEA-Alzheimer’s Disease Collaborative 
Research. DHEA treatment of Alzheimer’s disease: a randomized, double-blind, placebo-
controlled study. Neurology 2003; 60:1071–1076) (Huppert FA, Van Niekerk JK. 
Dehydroepiandrosterone (DHEA) supplementation for cognitive function. Cochrane 
Dementia and Cognitive Improvement Group. Cochrane Database Syst Rev 
2001;(2):CD000304). 
 
1.6.6.0  Growth hormone 
 
1.6.6.1  Increase in lean body mass; decrease in fat mass  
(Papadakis MA, Grady D, Black D, et al. Growth hormone replacement in healthy older 
men improves body composition but not functional ability. Ann Intern Med 1996; 
124:708–716) (Blackman MR, Sorkin JD, Munzer T, et al. Growth hormone 
and sex steroid administration in healthy aged women and men: a randomized controlled 
trial. JAMA 2002; 288:2282–2292). 
 
1.6.6.2  Increase in bone mineral density  
(Landin-Wilhelmsen K, Nilsson A, Bosaeus I, Bengtsson BA. Growth hormone increases 
bone mineral content in postmenopausal osteoporosis: a randomized placebo-controlled 
trial. J Bone Miner Res 2003; 18:393–405) (Gillberg P, Mallmin H, Petren-Mallmin M, 
Ljunghall S, Nilsson AG. Two years of treatment with recombinant human growth 
hormone increases bone mineral density in men with idiopathic osteoporosis. J Clin 
Endocrinol Metab 2002; 87:4900–4906) (Valimaki MJ, Salmela PI, Salmi J, et al. Effects 
of 42 months of GH treatment on bone mineral density and bone turnover in GH-
deficient adults. Eur J Endocrinol 1999; 140:545–554). 
 
1.6.6.3  Increase in mortality  
(Takala J, Ruokonen E, Webster NR, et al. Increased mortality associated with growth 
hormone treatment in critically ill adults. N Engl J Med 1999; 341:785–792). 
 
1.6.7.0  Vitamin D 
 
1.6.7.1  May improve muscle function  
(Gillberg P, Mallmin H, Petren-Mallmin M, Ljunghall S, Nilsson AG. Two years of 
treatment with recombinant human growth hormone increases bone mineral density 



in men with idiopathic osteoporosis. J Clin Endocrinol Metab 2002; 87:4900–4906) 
(Verhaar HJ, Samson MM, Jansen PA, de Vreede PL, Manten JW, Duursma SA. Muscle 
strength, functional mobility and vitamin D in older women. Aging (Milano) 
2000; 12:455–460) (Visser M, Deeg DJ, Lips P; Longitudinal Aging Study Amsterdam. 
Low vitamin D and high parathyroid hormone levels as determinants of loss of muscle 
strength and muscle mass (sarcopenia): the Longitudinal Aging Study Amsterdam. J Clin 
Endocrinol Metab 2003; 88:5766–5772). 
 
1.6.7.2  Low vitamin D levels double risk of dying 

New research linking low vitamin D levels with deaths from heart disease and other 
causes bolsters mounting evidence about the "sunshine" vitamin's role in good health.  
Patients with the lowest blood levels of vitamin D were about two times more likely 
to die from any cause during the next eight years than those with the highest levels. 
The link with heart-related deaths was particularly strong in those with low vitamin 
D levels. 

Experts say the results shouldn't be seen as a reason to start popping vitamin D pills or to 
spend hours in the sun, which is the main source for vitamin D.  For one thing, 
megadoses of vitamin D pills can be dangerous and skin cancer risks from too much 
sunshine are well-known. But also, it can't be determined from this type of study 
whether lack of vitamin D caused the deaths, or whether increasing vitamin D 
intake would make any difference. 

Low vitamin D levels could reflect age, lack of physical activity and other lifestyle 
factors that also affect health, said American Heart Association spokeswoman Alice 
Lichtenstein, director of the Cardiovascular Nutrition Laboratory at Tufts 
University.  Still, she said the study is an important addition to an emerging area of 
research.  "This is something that should not be ignored," Lichtenstein said. 

The study led by Austrian researchers involved 3,258 men and women in southwest 
Germany. Participants were aged 62 on average, most with heart disease, whose vitamin 
D levels were checked in weekly blood tests. During roughly eight years of follow-up, 
737 died, including 463 from heart-related problems. 

According to one of the vitamin tests they used, there were 307 deaths in patients with 
the lowest levels, versus 103 deaths in those with the highest levels. Counting age, 
physical activity and other factors, the researchers calculated that deaths from all causes 
were about twice as common in patients in the lowest-level group. 

Results appear in 6/23/08 issue of Archives of Internal Medicine. 

The study's lead author, Dr. Harald Dobnig of the Medical University of Graz in Austria, 
said the results don't prove that low levels of vitamin D are harmful "but the 
evidence is just becoming overwhelming at this point."  Scientists used to think that 
the only role of vitamin D was to prevent rickets and strengthen bones, Dobnig said. 



"Now we are beginning to realize that there is much more into it," he said.  Exactly how 
low vitamin D levels might contribute to heart problems and deaths from other illnesses 
is uncertain, although it is has been shown to help regulate the body's disease-fighting 
immune system, he said. 

Earlier this in June of 2008, the same journal included research led by Harvard scientists 
linking low vitamin D levels with heart attacks. And previous research has 
linked low vitamin D with high blood pressure, diabetes and obesity, 
which all can contribute to heart disease. 

The new research "provides the strongest evidence to date for a link between vitamin D 
deficiency and cardiovascular mortality," said Dr. Edward Giovannucci of the Harvard 
study of 18,225 men.  I believe that the vitamin D deficiency leads to an EMOD 
insufficiency, which allows for CVD, diabetes, cancer and obesity. 

Low vitamin D levels also have been linked with several kinds of cancer and some 
researchers believe the vitamin could even be used to help prevent malignancies.  
Similarily, I believe that EMOD level increases can help prevent neoplasia. 

It has been estimated that at least 50 percent of older adults worldwide 
have low vitamin D levels, and the problem is also thought to affect substantial 
numbers of younger people. Possible reasons include decreased outdoor activities, air 
pollution and, as people age, a decline in the skin's ability to produce vitamin D from 
ultraviolet rays, the study authors said.  

Some doctors believe overuse of sunscreen lotions has contributed, and say just 10 to 15 
minutes daily in the sun without sunscreen is safe and enough to ensure adequate vitamin 
D, although there's no consensus on that.  

Diet sources include fortified milk, which generally contains 100 international units 
of vitamin D per cup, and fatty fish — 3 ounces of canned tuna has 200 units.  

The Institute of Medicine's current vitamin D recommendations are 200 units daily 
for children and adults up to age 50, and 400 to 600 units for older adults. But some 
doctors believe these amounts are far too low and recommend taking supplements. 

1.6.7.3  More vitamin D may mean fewer cancers 

Thousands of cases of breast and colon cancers might be averted each year if people in 
colder climates raised their vitamin D levels, researchers estimate in a new report in 
Nutrition Reviews, August 2007. 

A number of studies have suggested that vitamin D may be important in cancer risk. 
Much of this research is based on cancer rates at different latitudes of the globe; rates of 
breast, colon and ovarian cancer, for example, are lower in sunnier regions of the world 
than in Northern climates where cold winters limit people's sun exposure.  Sunlight 



triggers the synthesis of vitamin D in the skin, and people who get little sun exposure 
tend to have lower stores of the vitamin. 

Complementing these studies are lab experiments showing that vitamin D helps prevent 
cancer cells from growing and spreading, as well as some clinical trials in which people 
given high doses of vitamin D showed lower cancer risks.  I believe that this is due to 
its prooxidant activity, which induces apoptosis. 

For the new study, researchers at the University of California used data on average 
wintertime blood levels of vitamin D and rates of breast and colon cancers in 15 
countries.  They found that rates of the diseases tended to fall as average 
vitamin D levels climbed, according to their report in the journal Nutrition Reviews. 
The protective effect against colon cancer seemed to begin when blood levels of 
vitamin D reached 22 nanograms per milliliter (ng/mL); for breast cancer, that 
number was 32 ng/mL. 

The average late-winter vitamin D level among Americans is 15 to 18 ng/mL, according 
to the researchers.  They argue that, based on their data, if Americans were able to 
maintain a vitamin D level of at least 55 ng/mL, 60,000 cases of colon cancer and 
85,000 cases of breast cancer could be prevented every year. Worldwide, those figures 
could be 250,000 and 350,000, respectively. 

"This could be best achieved with a combination of diet, supplements and short intervals 
-- 10 or 15 minutes a day -- in the sun," lead study author Dr. Cedric F. Garland, a cancer 
prevention specialist at the University of California San Diego, said in a statement. 

No one is recommending that people bake in the sun to reach high vitamin D blood 
levels. According to Garland, spending a matter of minutes in the midday sun, with 40 
percent of the skin exposed, is enough. For fair-skinned people, the researchers estimate 
that just 3 minutes in the sun can be adequate, while darker-skinned people may need 
about 15 minutes. 

A lifeguard in Southern California, Garland said, may have little need for extra vitamin D 
to reach potentially protective levels, whereas a Northerner who tends to stay indoors 
much of the year may need much more. 

Garland and his colleagues recommend that, in addition to modest sun exposure, adults 
get 2,000 IU of vitamin D per day -- which is the "tolerable upper intake level" set 
by U.S. health officials. 

That limit exists because of the risk of vitamin D toxicity, which causes elevated calcium 
levels in the blood and problems such as nausea, weight loss, fatigue and kidney 
dysfunction.  I have discussed the salutary prooxidant activity of vitamin D3 in many 
of my books and I have provided an expanded section on vitamin D3 later in this 
book. 



1.6.8.0  Effect of antioxidants on mortality 
 
Vivekananthan et al. performed a metaanalysis to evaluate the effect of vitamin E on 
cardiovascular mortality. Seven randomized trials of vitamin E (50 to 800 IU) and eight 
of beta-carotene treatment (15 to 50 mg) were identified. Each study included 1,000 or 
more patients and had a follow-up of 1.4 to 12.0 years. Vitamin E did not reduce 
mortality compared with control treatment, did not significantly decrease risk of 
cardiovascular death, and did not reduce risk of cerebrovascular accidents. Beta-carotene 
led to a small but significant increase in all-cause mortality and in cardiovascular death 
(Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of antioxidant vitamins 
for the prevention of cardiovascular disease: meta-analysis of randomised trials. Lancet 
2003; 361:2017–2023). 
 
Miller et al. performed a subsequent meta-analysis that included 19 clinical trials 
(135,967 participants) using vitamin E  in doses of 16.5 to 2,000 IU/day. Of these, 11 
trials used vitamin E in high doses (≥ 400 IU/day), and in these the rate of all-cause 
mortality was slightly but significantly higher with vitamin E than with placebo. The 
8 trials of low-dose vitamin E did not detect an increased risk of mortality. The risk 
mechanism is thought to be an anticoagulant effect of high vitamin E levels or disruption 
of the balance of other protective fat-soluble antioxidants (Miller ER 3rd, 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). 
 
1.6.8.1  Hormonal therapy 
 
Because many hormonal levels decrease with aging, treatment with hormones has often 
been called the “fountain of youth.” Much research is needed to prove the efficacy of 
hormonal therapy, as data have not demonstrated the expected positive impact of 
hormones on aging per se (Morley JE. Is the hormonal fountain of youth drying up? J 
Gerontol A Biol Sci Med Sci 2004; 59:458–460).  
 
They focused on hormone use as supplementation, not as replacement for documented 
hormonal deficiency in the setting of disease management.  
 
1.6.8.2  Testosterone 
Testosterone therapy has become accepted in the treatment of hypogonadal men, but it is 
still nonconventional in older men who are not clinically hypogonadal. Levels of total 
testosterone and, to a greater extent, free testosterone and bioavailable testosterone 
(free and albumin-bound testosterone) decline with age but do not necessarily cause 
a hypogonadal disease state (Deslypere JP, Vermeulen A. Leydig cell function in 
normal men: effect of age, life-style, residence, diet, and activity. J Clin Endocrinol 
Metab 1984; 59:955–962) (Gray A, Berlin JA, McKinlay JB, Longcope C. An 
examination of research design effects on the association of testosterone and male 
aging: results of a meta-analysis. J Clin Epidemiol 1991; 44:671–684) (Gray A, Feldman 
HA, McKinlay JB, Longcope C. Age, disease, and changing sex hormone levels in 
middle-aged men: results of the Massachusetts Male Aging Study. J Clin Endocrinol 



Metab 1991;73:1016–1025) (Korenman SG, Morley JE, Mooradian AD, et al. Secondary 
hypogonadism in older men: its relation to impotence. J Clin Endocrinol Metab 1990; 
71:963–969) (Morley JE, Kaiser F, Raum WJ, et al. Potentially predictive and 
manipulable blood serum correlates of aging in the healthy human male: progressive 
decreases in bioavailable testosterone, dehydroepiandrosterone sulfate, and the ratio of 
insulin-like growth factor 1 to growth hormone. Proc Natl Acad Sci U S A 1997; 
94:7537–7542) (Vermeulen A. Clinical review 24: androgens in the aging male. J Clin 
Endocrinol Metab 1991; 73:221–224).  
 
In a longitudinal study, testosterone levels declined by approximately 100 ng/dL per 
decade (Morley JE, Kaiser FE, Perry HM 3rd, et al. Longitudinal changes in testosterone, 
luteinizing hormone, and follicle-stimulating hormone in healthy older men. Metabolism 
1997; 46:410–413). 
 
It is important for clinicians to know that when measuring testosterone, bioavailable or 
free testosterone should be measured, not just total testosterone (Morley JE, Patrick 
P, Perry HM 3rd. Evaluation of assays available to measure free testosterone. Metabolism 
2002; 51:554–559). 
 
1.6.8.3  Effects of testosterone treatment. 
Although most studies of testosterone therapy have been small and short-term and lacked 
a control group, three randomized controlled studies, lasting 1 to 3 years, in men with 
low 
serum testosterone have shown a significant decrease in fat mass, which was 
accompanied by statistically significant increases in lean mass and bone mineral 
density in the testosterone-treated groups (Snyder PJ, Peachey H, Hannoush P, et al. 
Effect of testosterone treatment on body composition and muscle strength in men over 65 
years of age. J Clin Endocrinol Metab 1999; 84:2647–2653) (Wittert GA, Chapman IM, 
Haren MT, Mackintosh S, Coates P, Morley JE. Oral testosterone supplementation 
increases muscle and decreases fat mass in healthy elderly males with low-normal 
gonadal status. J Gerontol A Biol Sci Med Sci 2003; 58:618–625) (Nair KS, Rizza RA, 
O’Brien P, et al. DHEA in elderly women and DHEA or testosterone in elderly men. N 
Engl J Med 2006;355:1647–1659).  
 
None of these studies showed an improvement in measures of muscle strength, overall 
physical performance, energy, or sexual function, although several smaller studies 
suggested that testosterone replacement may increase muscle strength in truly 
hypogonadal men (Morley JE. The need for a Men’s Health Initiative. J Gerontol A Biol 
Sci Med Sci 2003; 58:614–617. 37. Kenny AM, Prestwood KM, Gruman CA, Marcello 
KM, Raisz LG. Effects of transdermal testosterone on bone and muscle in older men with 
low bioavailable testosterone levels. J Gerontol A Biol Sci Med Sci 2001; 56:M266–
M272) (Ferrando AA, Sheffield-Moore M, Yeckel CW, et al. Testosterone administration 
to older men improves muscle function: molecular and physiological mechanisms. Am J 
Physiol Endocrinol Metab 2002; 282:E601–E607) (Sih R, Morley JE, Kaiser FE, Perry 
HM 3rd, Patrick P, Ross C. Testosterone replacement in older hypogonadal men: a 12-
month randomized controlled trial. J Clin Endocrinol Metab 1997; 82:1661–1667).  



 
Although bioavailable testosterone is inversely correlated with cognitive decline 
(Morley JE, Kaiser F, Raum WJ, et al. Potentially predictive and manipulable blood 
serum correlates of aging in the healthy human male: progressive decreases in 
bioavailable testosterone, dehydroepiandrosterone sulfate, and the ratio of insulin-like 
growth factor 1 to growth hormone. Proc Natl Acad Sci U S A 1997;94:7537–7542) 
(Ribeiro M, Ruff P, Falkson G. Low serum testosterone and a younger age predict for a 
poor outcome in metastatic prostate cancer. Am J Clin Oncol 1997; 20:605–608), and 
higher levels of testosterone are associated with better mental control and long-term 
verbal memory (Barrett-Connor E, Goodman-Gruen D, Patay B. Endogenous sex 
hormones and cognitive function in older men. J Clin Endocrinol Metab 1999; 84:3681–
3685), studies of testosterone therapy to enhance cognition have shown mixed 
results.  
 
At least one study demonstrated an improvement in visuospatial memory (Cherrier 
MM, Matsumoto AM, Amory JK, et al. The role of aromatization in testosterone 
supplementation: effects on cognition in older men. Neurology 2005; 64:290–296. 
), and another demonstrated an improvement in verbal fluency (O’Connor DB, Archer 
J, Hair WM, Wu FC. Activational effects of testosterone on cognitive function in men. 
Neuropsychologia 2001; 39:1385–1394), but three other studies found no improvement 
in cognition with testosterone therapy (Sih R, Morley JE, Kaiser FE, Perry HM 3rd, 
Patrick P, Ross C. Testosterone replacement in older hypogonadal men: a 12-month 
randomized controlled trial. J Clin Endocrinol Metab 1997; 82:1661–1667) (Kenny AM, 
Bellantonio S, Gruman CA, Acosta RD, Prestwood KM. Effects of transdermal 
testosterone on cognitive function and health perception in older men with low 
bioavailable testosterone levels. J Gerontol A Biol Sci Med Sci 2002; 57:M321–M325. 
45. Haren MT, Wittert GA, Chapman IM, Coates P, Morley JE. Effect of oral 
testosterone undecanoate on visuospatial cognition, mood and quality of life in elderly 
men with low-normal gonadal status. Maturitas 2005; 50:124–133). 
 
Potential side effects of testosterone treatment include increases in hematocrit and in 
cholesterol (Ferrando AA, Sheffield-Moore M, Yeckel CW, et al. Testosterone 
administration to older men improves muscle function: molecular and physiological 
mechanisms. Am J Physiol Endocrinol Metab 2002; 282:E601–E607) (Haren MT, 
Wittert GA, Chapman IM, Coates P, Morley JE. Effect of oral testosterone undecanoate 
on visuospatial cognition, mood and quality of life in elderly men with low-normal 
gonadal status. Maturitas 2005; 50:124–133).  
 
Although many believe that testosterone replacement may increase the risk for 
prostate hyperplasia or cancer, the data are mixed in this regard. A meta-analysis of 
19 randomized controlled studies found that the combined rate of all prostate events 
was significantly greater in men treated with testosterone than in men treated with 
placebo (OR 1.78, 95% CI 1.07–2.95) (Calof OM, Singh AB, Lee ML, et al. Adverse 
events associated with testosterone replacement in middle-aged and older men: a 
metaanalysis of randomized, placebo-controlled trials. J Gerontol A Biol Sci Med Sci 
2005; 60:1451–1457).  
 



The rates of prostate cancer, prostate-specific antigen (PSA) elevations (>4 ng/mL), and 
prostate biopsies individually were not significantly higher in treated men than in 
controls. Other studies vary regarding PSA: some detected no increase in PSA values 
during short courses of testosterone treatment, while others suggested that testosterone 
may increase serum PSA levels. It is still considered prudent to monitor PSA values 
when treating older men with testosterone. 
 
1.6.9.0   Dehydroepiandrosterone 
 
Dehydroepiandrosterone (DHEA) is a metabolic intermediate in the pathway for the 
synthesis of testosterone, estrone, and estradiol. In men and women, levels of both 
DHEA and DHEA sulfate (DHEAS, the main circulating form of the hormone) decrease 
at a rate of about 2% per year. At age 80, levels are only about 20% of those at age 20 
(Vermeulen A. Dehydroepiandrosterone sulphate and aging. Ann N Y Acad Sci 1995; 
774:121–127). 
 
1.6.9.1   Effects of DHEA supplementation. 
Although low levels of DHEA have recently been correlated with lower muscle strength 
and muscle mass, we have little evidence to suggest that DHEA replacement or 
supplementation prolongs life or prevents disease (Valenti G, Denti L, Maggio M, et 
al. Effect of DHEAS on skeletal muscle over the life span: the InCHIANTI study. J 
Gerontol A Biol Sci Med Sci 2004; 59:466–472).  
 
It is also unclear whether declining DHEA levels are pathologic, a normal aging 
phenomenon, or a surrogate marker for other hormonal processes that result in diseases of 
aging. Three recent studies reported an increase in muscle mass and a decrease in fat 
mass with DHEA supplementation of 50 mg/day, but this effect was not evident in 
subsequent studies. The two largest placebo-controlled studies evaluating 
the effects of DHEA on muscular strength in elderly men and women 
failed to show a benefit from 50 mg/day over 12 months compared with 
placebo (Nair KS, Rizza RA, O’Brien P, et al. DHEA in elderly women and DHEA or 
testosterone in elderly men. N Engl J Med 2006; 355:1647–1659) (Percheron G, Hogrel 
JY, Denot-Ledunois S, et al. Effect of 1-year oral administration of 
dehydroepiandrosterone to 60- to 80-year-old individuals on muscle function and cross-
sectional area: a doubleblind placebo-controlled trial. Arch Intern Med 2003; 163:720–
727).  
 
The data concerning cognitive function are even less convincing. Cognitive 
dysfunction has been associated with low, normal, and high DHEAS levels. One review 
discussed improvement of learning and memory dysfunction after DHEA 
supplementation in people with low DHEAS levels,64 but another study failed to detect 
any significant cognitive effects after DHEA administration.65 A recent Cochrane review 
found no supportive evidence for an improvement in memory or other cognitive functions 
with DHEA use in normal older people.  
 
Side effects of DHEA. Given the hormonal pathway involved, potential side 



effects of DHEA have been postulated to include acne, hyperlipidemia, facial hair 
growth, headache, and increased testosterone and PSA levels and prostate cancer risk. 
These side effects have been difficult to sub-stantiate, owing to the lack of large study 
populations. Serum lipids, testosterone, and PSA values were not substantially increased 
in several recent investigations. The clinician should be aware that DHEA 
is available at health food stores and through many Web sites on the Internet. 
 
1.6.9.2  Growth hormone 
 
The most cited antiaging hormone in the lay Internet literature is growth hormone (GH). 
This hormone has appeal as an antiaging agent because one theory to account for the 
decline of lean body and bone mass with age is a decline in GH. In fact, GH declines 
approximately 14% per decade, with an associated decline in insulin-like growth factor 1. 
Studies of GH supplementation from the 1990s looked promising, with increases seen in 
lean body mass and decreases seen in adipose tissue mass compared with placebo. 
 
Unfortunately, subsequent studies failed to demonstrate that increasing lean body 
mass translates to improved strength or aerobic capacity in either men or women. 
Furthermore, significant side effects of carpal tunnel syndrome, lower-
extremity edema, diffuse arthralgia, and diabetes developed in more 
than one third of GH-treated individuals (Papadakis MA, Grady D, Black D, et 
al. Growth hormone replacement in healthy older men improves body composition but 
not functional ability. Ann Intern Med 1996;124:708–716) (Blackman MR, Sorkin JD, 
Munzer T, et al. Growth hormone and sex steroid administration in healthy aged women 
and men: a randomized controlled trial. JAMA 2002; 288:2282–2292). 
 
Most alarmingly, a randomized controlled trial in more than 500 
critically ill patients found that the mortality rate was almost twice as 
high in those receiving GH (Takala J, Ruokonen E, Webster NR, et al. Increased 
mortality associated with growth hormone treatment in critically ill adults. N Engl J Med 
1999; 341:785–792). 
 
Many questions remain unanswered regarding GH as an antiaging therapy. Would a 
lower dose have positive outcomes without the side effects? Would combining GH 
treatment with sex steroids (estrogen for women, testosterone for men) improve outcomes 
with respect to muscle mass or bone density? Sarcopenia of aging (the loss of muscle 
mass and strength in older adults) seems a prime target for the use of GH or other 
anabolic agents. However, as mentioned above, GH increases muscle mass without a 
secondary increase in muscle strength or overall functional status and with significant 
adverse drug events. There is mounting evidence that GH may have a role in the 
treatment of osteoporosis for both men and women with or without GH deficiency; 
however, side effects may ultimately again be limiting. 
 
At this point, the use of GH outside of treatment for documented GH 
deficiency or acquired immunodeficiency syndrome wasting is neither 



approved by the US Food and Drug Administration nor legal (Valimaki 
MJ, Salmela PI, Salmi J, et al. Effects of 42 months of GH treatment on bone mineral 
density and bone turnover in GH-deficient adults. Eur J Endocrinol 1999; 140:545–554). 
 
1.6.9.3  Vitamin D 
They discuss vitamin D here as an antiaging therapy in the context of muscle strength and 
function. Vitamin D is essential for the maintenance of calcium homeostasis and is 
indicated in combination with calcium to prevent and treat osteoporosis. Data suggest 
that vitamin D may also directly improve functional status in people without 
osteoporosis by improving muscle strength.  
 
Isaia et al. studied 700 women 60 to 80 years old and found that low vitamin D was 
associated with worsening of performance of daily living activities and with 
decreased mobility (Isaia G, Giorgino R, Rini GB, Bevilacqua M, Maugeri D, Adami S. 
Prevalence of hypovitaminosis D in elderly women in Italy: clinical consequences and 
risk factors. Osteoporosis Int 2003; 14:577–582).  
 
Verhaar et al. found that 6 months of alphacalcidol (vitamin D) therapy led to 
significant improvements in isometric knee extensor strength (left leg: 14.6% ± 5.7%, 
P =.03; right leg: 11.5% ± 5.0%, P = .02). In a subgroup that was deficient in vitamin D 
at baseline, 6 months of alphacalcidol treatment led to a significant increase in the 2-
minute walking distance (from 1 137.6 ± 12.6 to 151.3 ± 11.2 meters, P = .03) (Verhaar 
HJ, Samson MM, Jansen PA, de Vreede PL, Manten JW, Duursma SA. Muscle strength, 
functional mobility and vitamin D in older women. Aging (Milano) 2000; 12:455–460). 
 
Visser et al. reported that people 65 years old and older with low baseline 25- 
hydroxyvitamin D levels (< 25 nmol/L) were 2.57 (95% CI 1.40–4.70) times more likely 
to experience sarcopenia compared with those with high levels (> 50 nmol/L) (Visser M, 
Deeg DJ, Lips P; Longitudinal Aging Study Amsterdam. Low vitamin D and high 
parathyroid hormone levels as determinants of loss of muscle strength and muscle mass 
(sarcopenia): the Longitudinal Aging Study Amsterdam. J Clin Endocrinol Metab 2003; 
88:5766–5772). 
 
Other therapies lack data 
 
The following hormones either lack positive data or have not been studied with regard to 
mortality outcomes and functional (physical and mental) outcomes: melatonin, 
pregnenolone, and human chorionic gonadotropin. 
 
1.6.9.4  Points 
 
Interest in antiaging therapies is growing, but whether the term antiaging is accurate is 
controversial, given that no single therapy has provided a longevity benefit in 
humans. According to large prospective studies, antioxidants have little 
effect on cerebrovascular and cardiovascular diseases and in fact may 
even increase overall mortality. These agents may reduce serum cholesterol and 



LDLC levels and raise serum HDL-C; however, data are inconsistent on their effect on 
cognition. Based on studies of the antioxidants vitamin A, its precursor 
beta-carotene, vitamin C, and vitamin E, there are not enough data to 
support the daily use of antioxidants.  
 
Despite evidence that levels of many hormones decline with age, additional research is 
needed to prove that these declining levels are pathologic and that hormone replacement 
actually affects the aging process. Testosterone replacement decreases fat mass and 
increases lean mass in older men with mildly low levels of testosterone and might 
increase muscle strength in truly hypogonadal testosterone-deficient men. Routine 
replacement of DHEA in older adults provides no meaningful benefit, despite measurable 
declines in the serum level of this hormone with aging. Although initial studies of GH 
looked promising, according to the available research, the risk of therapy in people 
who are not GH-deficient outweighs the benefit.  
 
Vitamin D, beyond osteoporosis treatment, improves muscle strength and function 
in older adults. In the future, research may be better able to explain the aging process, to 
define antiaging medicine, and to develop novel antiaging interventions. Until then, 
clinicians should be aware that the two categories of therapies touted as 
antiaging interventions discussed here, antioxidants and hormonal 
therapies, have minimal to no effect on improving longevity or 
functional abilities. 
 
I believe that this is an excellent review article, especially as it relates to the failures 
of antioxidants.  This again points out the invalidity of the free radical theory, as it 
lacks predictability.   
 
1.7.0.0  Greater insulin sensitivity and increased SOD in the brain may aid antiaging 

According to an article by Maggie Fox of Reuters on 7/19/07, good, old-fashioned diet 
and exercise might keep you young by reducing the action of insulin in the brain, 
researchers reported on Thursday. 

Scientists created mutant mice that over-ate, got fat and even had symptoms of diabetes, 
and yet lived 18 percent longer than normal lab mice. The secret: they lacked a certain 
key gene that affects insulin, the hormone that regulates glucose.  The genetic 
engineering mimicked the effects of eating less and exercising, the researchers report in 
the journal Science. 

"This study provides a new explanation of why it's good to exercise and not eat too 
much," said Dr. Morris White, a Howard Hughes Medical Institute investigator at 
Children's Hospital in Boston who led the study.  The findings also raise questions about 
how desirable it is to use insulin to treat type 2 diabetes, said the researchers. 



Doctors know that people who exercise regularly live longer on average. 
Researchers have also learned that putting animals on a strict diet makes them live 
longer, although this has not yet been shown to work in people.  White's team sought to 
see if the two effects were linked. They looked at insulin, because both fasting and 
exercise make cells more insulin-sensitive, meaning they respond more 
efficiently to the effects of insulin. 

They looked at the entire insulin pathway -- a series of actions in the cell that control the 
body's use of insulin.  White's team engineered mice that had no working copies of one of 
the genes involved in this pathway, called insulin receptor substrate 2, or Irs2. 

Darwin’s natural selection has morphed into un-natural selection. 
We can no longer hide from the Jeckel-Hyde reality. 

Like a balloon clown, technology precariously molds and folds 
humankind’s genetic helix into a nucleic acid 

 pretzel of its own choosing. 
The fundamentals of evolution have been bypassed by  
the white coated marauders manipulating white rats. 

Extrapolating, we now have green pigs, which glow in the dark, 
riding along with us on our lonely little planet,  

as we whiz through the universal expanse of fundamental nothingness, 
not aware that all may be  

hopelessly diluted throughout the rarefied reality of infinity. 
Hoo-fricking-ray, homo tecknapiens. 

R. M. Howes, M.D., Ph.D. 
5/17/06 

 

 

 

1.7.0.1  Best use of insulin 

Mice with no copies of Irs2 had defective brains and diabetes. But mice with one 
working copy lived 18 percent longer than normal mice.  "What's more, the animals 
lived longer even though they had characteristics that should shorten their lives 
such as being overweight and having higher insulin levels in the blood," White said in 
a statement. 



They were also more active than normal mice, and after eating, their brains had 
higher levels of a compound called superoxide dismutase, an antioxidant 
that protects cells from damage. 

"Diet, exercise and lower weight keep your peripheral tissues sensitive to insulin," White 
said. That means the body needs to make less insulin.  "Since insulin turns on Irs2 in the 
brain, that means lower Irs2 activity, which we've linked to longer life span in the 
mouse," he said. Thus, I believe that Irs2 leads to higher insulin sensitivity and lower 
insulin body levels, longer life span, higher SOD levels and therefore higher H
levels.  I believe that this makes sense because of the increased SOD and EMOD 
levels. 

2O2 

One obvious question is whether drugs can mimic the effects of having less Irs2, perhaps 
by interfering with its action. The researchers note that people who live to be 100 or 
more often have reduced insulin levels and their cells show better 
insulin sensitivity. 

New diabetes drugs that increase insulin sensitivity may help, too, White said. But, he 
added: "The easiest way to keep insulin levels low in the brain is old-fashioned diet and 
exercise." 

1.7.1.0   Antiaging editorial review 
 
An editorial to the Kamel article above was written by THOMAS T. PERLS, MD, 
MPH, Department of Medicine, Boston University Medical Center, Boston, MA, entitled 
“Hope and antiaging hype” and was as follows: 
 
As the 75 million baby boomers see their parents facing age-related problems, this 
segment of our population is spending billions of dollars in response to enticing but 
often misleading marketing. And because we live in a world of medical revolutions and 
cures, many people accept antiaging claims as fact, particularly when the claims are 
accompanied by pictures of scholarly looking people in white coats with stethoscopes 
hanging around their necks. 
 
Antiaging, longevity, and age-management clinics and institutes offer benefits that 
would appear to the appropriately skeptical eye to be too good to be true. Some 
advertisers claim that with their products or services you can do some or all of the 
following:  
• Reverse 2 decades of aging 
• Live to be 125 or older 
• Give yourself a natural face-lift and body 
muscle rejuvenation 
• Substantially reduce your adipose tissue 
• Increase your skin thickness and elasticity 
• Increase your lean body mass 
• Increase your physical strength and energy 



• Lower your cholesterol. 
The therapies have high price tags to add even more credibility, and the gullible are 
swallowing these claims hook, line, and sinker. The bottom line is that no substance has 
been shown in a scientifically rigorous manner to stop or reverse aging. What is 
surprising is the huge market that has been developed by “swindlers, hucksters, and snake 
oil salesmen” (as described by witnesses before a Senate subcommittee (United States 
Senate, Special Committee on Aging, One Hundred Seventh Congress, First Session. 
Swindlers, Hucksters and Snake Oil Salesman: Hype and Hope Marketing Anti-Aging 
Products to Seniors. Washington DC: US Government Printing Office; September 10, 
2001), as intense marketing campaigns overwhelm the small objective, academic, and 
consumer-advocate presence on the Internet and elsewhere. (Heinrich J. Health Products 
for Seniors: “Anti-Aging” Products Pose Potential for Physical and Economic Harm. 
Washington DC: United States General Accounting Office; 2001:1–18. 
http://www.gao.gov/new.items/d011139t.pdf.). 
 
We normally think of dietary supplements as vitamins and minerals, but the 1994 Dietary 
Supplement Health Education Act (DSHEA) also includes herbs or other botanical 
products, amino acids, concentrates, metabolites, and extracts in this category. 
The wording of “concentrates” and “extracts” provides a loophole big enough to 
drive a truck through. Many substances that should be regulated as drugs are sold, 
relatively free of regulation, as dietary supplements. One example is 
dehydroepiandrosterone (DHEA), a bioactive, endogenous hormone that is a precursor of 
estrogen and testosterone. For those who use questionable claims to sell products, there 
are tremendous advantages to labeling these products as dietary supplements. Dietary 
supplements do not require premarket review or approval by any agency. 
 
No independent agency ascertains that the product actually contains what the consumer 
believes he or she is purchasing. Promoters can make unsubstantiated claims of what 
their products do (eg, reverse aging, improve strength or memory)—the only stipulation 
is that they cannot claim the product treats a specific disease. Manufacturers do not have 
to provide the US Food and Drug Administration (FDA) with any reports they receive of 
adverse events. No warning of known contraindications is required. And the FDA can 
take action only after the fact against dietary supplement products that may be unsafe or 
that have been promoted as drugs. Therefore, dietary supplements can entirely bypass 
peer review and independent assessment of efficacy and safety. Thanks in part to the 
DSHEA, the antiaging industry has grown tremendously (Subcommittee on Health and 
Long-Term Care, United States House of Representatives Select Committee on Aging, 
98th Congress. Quackery: A $10 Billion Scandal. Committee Publication no. 98-435; 
1984). 
 
Ever since hormones were discovered, lay people have associated them with youth (Kahn 
A. Regaining lost youth: the controversial and colorful beginnings of hormone 
replacement therapy in aging. J Gerontol Biol Sci 2005; 60A:142–147). 
 
 Thus, hormones are a favorite class of substances to market as cure-alls. Even the 
mainstream medical community has promoted some hormones—particularly estrogen—



as panaceas. But relatively shortterm studies of estrogen as a means of reducing 
cardiovascular disease had mixed results, and the Women’s Health Initiative 
subsequently found that estrogen replacement therapy in postmenopausal women was 
associated with increased risk of stroke and impaired cognitive function. Controversy 
remains, but estrogen therapy is not a cure for aging.  
 
The antiaging industry once promoted melatonin as a fountain of youth, with claims of 
incredible benefits. When this hormone did not prove to be a big money-maker, it was 
quickly replaced by DHEA. In a recently published 2-year, placebo-controlled, 
randomized, doubleblind study of 87 older men and 57 older women, neither DHEA nor 
testosterone replacement demonstrated benefit in body composition, physical 
performance, insulin sensitivity, or quality of life. As DHEA fell out of favor, the next 
heir apparent became growth hormone (GH). 
 
Although some antiaging practitioners claim that 20,000 studies support the use of GH as 
an antiaging therapy, in fact not one scientifically rigorous, unbiased study supports this 
use. Daniel Rudman, the first author of an oft-cited clinical trial of GH in 12 older men, 
decried the misinterpretation of his work by the antiaging industry. Furthermore, 
numerous studies showed that mice (animals in which longevity can be studied within a 
reasonable period of time) live longer if they are relatively resistant to the effects of 
GH.  But the $10,000- to $20,000-a-year price tag and huge profits associated with GH 
distribution apparently provide incentive for pharmaceutical companies not to take action 
to limit the supply, and for antiaging Web sites and clinics to pour whatever resources 
necessary, legal and monetary, into being able to continue marketing GH as an antiaging 
therapy. 
 
1.7.1.1  Off-label use of GH is illegal 
Legal and lobbying maneuvers are an issue with GH because, in fact, using GH to treat 
aging and age-related problems is illegal. The Food, Drug, and Cosmetic Act sets very 
stringent indications for the use of GH (and anabolic steroids). In adults, GH can only be 
given for acquired immunodeficiency syndrome (AIDS) wasting syndrome, short bowel 
syndrome, and adult growth hormone deficiency. There is no such thing as legal offlabel 
provision or distribution of GH. Since the details of the law recently received prominent 
media attention, many antiaging clinics and the like have shifted gears to say that they are 
no longer giving GH for antiaging, but rather that they are providing it for GH deficiency. 
This is a misleading attempt to provide GH within the confines of the law.  
 
To meet the legally required diagnostic criteria of adult growth hormone deficiency, the 
patient must fail a physiologic stimulation test, ie, his or her anterior pituitary gland must 
fail to produce a standard minimum amount of GH in response to administration of 
growth hormone-stimulating hormone, arginine, or less commonly, insulin. Not 
surprisingly, most antiaging clinics do not perform the test (and Web sites do not require 
it). Only 1 in 10,000 adults, including the very old, would fail this test and could legally 
receive GH. 
 
The other criterion that must be met for providing GH is that a demonstrable pathologic 



cause for the decreased GH response must be provided. In nearly all cases, the cause 
is an anterior pituitary tumor or treatment of the tumor with surgery or radiation therapy 
or both. 
 
The road to perpetual youth is paved with (fool’s) gold. 

 

 
There’s a word for this sort of thing: quackery. Use of this word may seem bold, but in 
my opinion, it fits the definition. Dorland’s Illustrated Medical Dictionary defines a 
quack as “one who fraudulently misrepresents his ability and experience in the diagnosis 
and treatment of disease, or the effects to be achieved by the treatment he offers.” 
 
In the report Quackery: A $10 Billion Scandal, produced by the United States House of 
Representatives Select Committee on Aging’s Subcommittee on Health and Long- 
Term Care, a quack is defined as “. . . anyone who promotes medical schemes or 
remedies known to be false, or that are unproven, for a profit.” 
 
1.7.1.2    Nutrients, not antioxidant supplements should be emphasized 

The consumption of adequate levels and proper balance of essential nutrients is critical 
for maintaining health. The identification, isolation, and purification of nutrients in the 
early 20th century raised the possibility that optimal health outcomes could be 

realized through nutrient supplementation. Recent attempts using this approach for 
cardiovascular disease and lung cancer have been disappointing, as demonstrated with 
vitamin E and beta carotene. Moreover, previously unrecognized risks caused by nutrient 
toxicity and nutrient interactions have surfaced during intervention studies. The most 
promising data in the area of nutrition and positive health outcomes relate to dietary 
patterns, not nutrient supplements. These data suggest that other factors in food or the 
relative presence of some foods and the absence of other foods are more important than 
the level of individual nutrients consumed. Finally, unknown are the implications on 

public health behavior of shifting the emphasis away from food toward nutrient 
supplements. Notwithstanding the justification for targeting recommendations for nutrient 
supplements to certain segments of the population (eg, the elderly), there are insufficient 

data to justify an alteration in public health policy from one that emphasizes food 
and diet to one that emphasizes nutrient supplements (Alice H. Lichtenstein, DSc; 
Robert M. Russell, MD. Essential Nutrients: Food or Supplements? Where Should the 
Emphasis Be? JAMA. 2005;294:351-358). 

1.7.1.3  CHD decreased by vitamin C and not by vitamin E or carotenoids 

Knekt et al. studied the relation between the intake of antioxidant vitamins and coronary 
heart disease (CHD) risk.  

 

A cohort study pooling 9 prospective studies that included information on intakes of 
vitamin E, carotenoids, and vitamin C and that met specific criteria was carried out. 
During a 10-y follow-up, 4647 major incident CHD events occurred in 293 172 subjects 
who were free of CHD at baseline.  



Dietary intake of antioxidant vitamins was only weakly related to a reduced CHD risk 
after adjustment for potential nondietary and dietary confounding factors. Compared with 
subjects in the lowest dietary intake quintiles for vitamins E and C, those in the highest 
intake quintiles had relative risks of CHD incidence of 0.84 (95% CI: 0.71, 1.00; P = 
0.17) and 1.23 (1.04, 1.45; P = 0.07), respectively, and the relative risks for subjects in the 
highest intake quintiles for the various carotenoids varied from 0.90 to 0.99. Subjects 
with higher supplemental vitamin C intake had a lower CHD incidence. 
Compared with subjects who did not take supplemental vitamin C, those who took >700 

mg supplemental vitamin C/d had a relative risk of CHD incidence of 0.75 (0.60, 0.93; P 
for trend < 0.001). Supplemental vitamin E intake was not significantly related to 
reduced CHD risk.  

The results suggest a reduced incidence of major CHD events at high supplemental 
vitamin C intakes. The risk reductions at high vitamin E or carotenoid intakes 
appear small (Antioxidant vitamins and coronary heart disease risk: a pooled analysis of 
9 cohorts. Paul Knekt et al. American Journal of Clinical Nutrition, Vol. 80, No. 6, 1508-
1520, December 2004). 

1.7.2.0  Multivitamin/Mineral Supplements and Chronic Disease Prevention (NIH) 

Some of the following material was abstracted, excerpted or modified from: National 
Institutes of Health State-of-the-Science Conference Statement: Multivitamin/Mineral 
Supplements and Chronic Disease Prevention. NIH State-of-the-Science Panel. ANN 
INTERN MED 2006;145:364-371. 

The word vitamine was coined in 1912, as an abbreviated term meant to capture the 
notion of important factors in the diet, or "vital amines." This was preceded more than 
150 years earlier by British navy physician James Lind's discovery—in the first recorded 
controlled trial—that citrus juice, a good source of what was found 2 centuries later to be 
vitamin C, could prevent scurvy in sailors. In 1913, the first vitamin was isolated: 
thiamin, the deficiency of which caused beriberi. Thirteen vitamins and 15 
essential minerals have now been identified as important to human 
nutrition.  

Large-scale fortification of diets began in the United States with the addition of iodine to 
table salt in 1924 to prevent goiter, followed by the addition of vitamin D to milk in 1933 

to prevent rickets and the addition of thiamin, riboflavin, niacin, and iron to flour in 1941. 
Multivitamin/multimineral (MVM) products providing more than vitamins A and D 
became available in pharmacies and grocery stores in the mid-1930s. In the early 1940s, 
the first MVM tablet was introduced.  

Although clinical deficiency of vitamins or minerals, other than iron, is now uncommon 
in the United States, growth in supplement use has accelerated rapidly with marketing 
spurred by claims—some based on scientific studies—that chronic conditions could be 
prevented or treated by supplement use. Annual sales of supplements to Americans are 



now reported at about $23 billion, a substantial share of which is spent on vitamins 
and minerals.  

An observational study is one in which the exposure or treatment of interest is not 
assigned to the participant by the investigator. Such studies suggested that ß-carotene 
intake might protect against the development of some types of cancer. However, RCTs of 
ß-carotene supplementation not only showed no benefit, they also found an increased risk 
for lung cancer in persons who smoked cigarettes or who were exposed to asbestos. These 
examples illustrate both the risk of relying only on observational studies and the 
advantage of RCTs in identifying both benefits and risks of MVM supplementation. 

Our principal recommendations focus on the compelling research activities that must be 
supported to better inform the decisions that millions of Americans are making each 
day to use or not to use MVM supplements to prevent chronic disease. 

1.7.2.1   Efficacy of Single Vitamin/Mineral Supplement 

What Is the Efficacy of Single Vitamin/Mineral Supplement Use in Chronic Disease 
Prevention? 

1.7.2.2  ß-Carotene  

Two large trials (The effect of vitamin E and beta carotene on the incidence of lung 
cancer and other cancers in male smokers. The Alpha-Tocopherol, Beta Carotene Cancer 
Prevention Study Group. N Engl J Med. 1994;330:1029-35) (Omenn GS, Goodman GE, 
Thornquist MD, Balmes J, Cullen MR, Glass A, et al. Effects of a combination of beta 
carotene and vitamin A on lung cancer and cardiovascular disease. N Engl J Med. 
1996;334:1150-5) designed to test lung cancer prevention with ß-carotene found a 
surprising increase in lung cancer incidence and deaths in smokers and 
male asbestos workers.  

There was no effect in preventing a number of other types of cancer, including 
gastric, pancreatic, breast, bladder, colorectal, and prostate cancer as well as 
leukemia, mesothelioma, and lymphoma. The overall mortality rate was elevated in 
women, but not men, treated with ß-carotene throughout the intervention and 
postintervention period. A third large trial (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 malignant neoplasms and cardiovascular disease. N 
Engl J Med. 1996;334:1145-9), in healthy American men, found no effect of ß-
carotene on cancer except an increased risk for thyroid and bladder 
cancer.  

Two other ß-carotene trials (Green A, Williams G, Neale R, Hart V, Leslie D, Parsons P, 
et al. Daily sunscreen application and betacarotene supplementation in prevention of 
basal-cell and squamous-cell carcinomas of the skin: a randomised controlled trial. 
Lancet. 1999;354:723-9) (Greenberg ER, Baron JA, Karagas MR, Stukel TA, Nierenberg 
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DW, Stevens MM, et al. Mortality associated with low plasma concentration of beta 
carotene and the effect of oral supplementation. JAMA. 1996;275:699-703) on 
prevention of nonmelanoma skin cancer found no effect on subsequent skin cancer 
incidence.  

A large study of healthy American women also found no effect of ß-carotene on cancer 
incidence ( 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;91:2102-6).  

Four of these ß-carotene trials also evaluated cardiovascular disease 
(CVD) and found no benefits (Omenn GS, Goodman GE, Thornquist MD, Balmes 
J, Cullen MR, Glass A, et al. Effects of a combination of beta carotene and vitamin A on 
lung cancer and cardiovascular disease. N Engl J Med. 1996;334:1150-5) (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 malignant neoplasms 
and cardiovascular disease. N Engl J Med. 1996;334:1145-9) (Greenberg ER, Baron JA, 
Karagas MR, Stukel TA, Nierenberg DW, Stevens MM, et al. Mortality associated with 
low plasma concentration of beta carotene and the effect of oral supplementation. JAMA. 
1996;275:699-703) (Leppala JM, Virtamo J, Fogelholm R, Huttunen JK, Albanes D, 
Taylor PR, et al. Controlled trial of alpha-tocopherol and beta-carotene supplements on 
stroke incidence and mortality in male smokers. Arterioscler Thromb Vasc Biol. 
2000;20:230-5).  

In healthy women, there was a suggestion of increased stroke risk in 1 
study ( 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;91:2102-6) and an increased risk for CVD in 
women smokers in the Carotene and Retinol Efficacy Trial (CARET) 
(Goodman GE, Thornquist MD, Balmes J, Cullen MR, Meyskens FL Jr, Omenn GS, et 
al. The Beta-Carotene and Retinol Efficacy Trial: incidence of lung cancer and 
cardiovascular disease mortality during 6-year follow-up after stopping beta-carotene and 
retinol supplements. J Natl Cancer Inst. 2004;96:1743-50).  

1.7.2.3  Vitamin A  

No trials were found for vitamin A supplementation alone. When vitamin A was 
paired with ß-carotene in 1 trial, lung cancer and CVD deaths were 
increased (Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, Glass A, 
et al. Effects of a combination of beta carotene and vitamin A on lung cancer and 
cardiovascular disease. N Engl J Med. 1996;334:1150-5).  

When vitamin A was combined with zinc in another trial, there was no impact on 

esophageal or gastric cardia cancer, although noncardia stomach cancer decreased ( 
Blot WJ, Li JY, Taylor PR, Guo W, Dawsey S, Wang GQ, et al. Nutrition intervention 
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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;85:1483-92).  

1.7.2.4  Vitamin E  

Four trials tested vitamin E. One large study of healthy women, the Women's Health 
Study (WHS), recorded decreased cardiovascular deaths, although there was no effect on 
incidence of CVD events ( Lee IM, Cook NR, Gaziano JM, Gordon D, Ridker PM, 
Manson JE, et al. Vitamin E in the primary prevention of cardiovascular disease and 
cancer: the Women's Health Study: a randomized controlled trial. JAMA. 2005;294:56-
65).  

Another trial found a decreased risk for prostate cancer (and a suggestion of 
decreased colorectal cancer risk) in male smokers, as well as a decreased risk for 
angina and thrombotic stroke (Leppala JM, Virtamo J, Fogelholm R, Huttunen JK, 
Albanes D, Taylor PR, et al. Controlled trial of alpha-tocopherol and beta-carotene 
supplements on stroke incidence and mortality in male smokers. Arterioscler Thromb 
Vasc Biol. 2000;20:230-5) (Heinonen OP, Albanes D, Virtamo J, Taylor PR, Huttunen 
JK, Hartman AM, et al. Prostate cancer and supplementation with alpha-tocopherol and 
beta-carotene: incidence and mortality in a controlled trial. J Natl Cancer Inst. 
1998;90:440-6) (Albanes D, Malila N, Taylor PR, Huttunen JK, Virtamo J, Edwards BK, 
et al. Effects of supplemental alpha-tocopherol and beta-carotene on colorectal cancer: 
results from a controlled trial (Finland). Cancer Causes Control. 2000;11:197-205) 
(Rapola JM, Virtamo J, Haukka JK, Heinonen OP, Albanes D, Taylor PR, et al. Effect of 
vitamin E and beta carotene on the incidence of angina pectoris. A randomized, double-
blind, controlled trial. JAMA. 1996;275:693-8) (Teikari JM, Laatikainen L, Virtamo J, 
Haukka J, Rautalahti M, Liesto K, et al. Six-year supplementation with alpha-tocopherol 
and beta-carotene and age-related maculopathy. Acta Ophthalmol Scand. 1998;76:224-9).  

No other effects were found on other types of cancer. There was a trend toward 
increased bleeding, subarachnoid hemorrhage, and hemorrhagic stroke 
among male smokers in this study (Leppala JM, Virtamo J, Fogelholm R, 
Huttunen JK, Albanes D, Taylor PR, et al. Controlled trial of alpha-tocopherol and beta-
carotene supplements on stroke incidence and mortality in male smokers. Arterioscler 
Thromb Vasc Biol. 2000;20:230-5), but in the WHS, no increase in hemorrhagic stroke 
was seen among women ( Lee IM, Cook NR, Gaziano JM, Gordon D, Ridker PM, 
Manson JE, et al. Vitamin E in the primary prevention of cardiovascular disease and 
cancer: the Women's Health Study: a randomized controlled trial. JAMA. 2005;294:56-
65).  

Another trial yielded inconclusive results for main cardiovascular end points because of 
small numbers and because the trial was stopped prematurely (de Gaetano G. Low-dose 
aspirin and vitamin E in people at cardiovascular risk: a randomised trial in general 
practice. Collaborative Group of the Primary Prevention Project. Lancet. 2001;357:89-
95).  
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Two trials examined development of age-related cataract ( McNeil JJ, Robman L, Tikellis 
G, Sinclair MI, McCarty CA, Taylor HR. Vitamin E supplementation and cataract: 
randomized controlled trial. Ophthalmology. 2004;111:75-84) and lens opacity ( Teikari 
JM, Laatikainen L, Virtamo J, Haukka J, Rautalahti M, Liesto K, et al. Six-year 
supplementation with alpha-tocopherol and beta-carotene and age-related maculopathy. 
Acta Ophthalmol Scand. 1998;76:224-9), respectively, and reported no effect of vitamin 
E supplementation.  

1.7.2.5  Summary  

Few trials of individual or paired vitamins and minerals for the prevention of 
chronic disease produced beneficial effects. They found no evidence to recommend ß-
carotene supplements for the general population and strong evidence to recommend 

that smokers avoid ß-carotene supplementation.  

What Is Known about the Safety of MVM for the Generally Healthy Population?  
  

 
Most people assume that the ingredients in MVM supplements are safe. There is 
evidence, however, that certain ingredients in MVM supplements can produce 
adverse effects, including reports from RCTs that noted excess lung cancer occurring in 
asbestos workers and smokers consuming ß-carotene. In addition, esophageal cancer 
excess was found with long-term follow-up of older Chinese patients 
treated with selenium, ß-carotene, and vitamin E supplements ( 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;85:1483-92).  

There was also evidence for gender difference in patterns of lung cancer and CVD risk 
related to ß-carotene. In another study, patients with elevated prostate-specific 
antigen levels at baseline who were receiving an MVM intervention had 
higher incidence of prostate cancer ( Meyer F, Galan P, Douville P, Bairati I, 
Kegle P, Bertrais S, et al. Antioxidant vitamin and mineral supplementation and prostate 
cancer prevention in the SU.VI.MAX trial. Int J Cancer. 2005;116:182-6).  

Vitamin D and calcium may increase the risk for kidney stones for certain people. These 
data raise safety questions both in general and in special populations. Although these 
studies are not definitive, they do suggest possible safety concerns that should be 
monitored for primary components of multivitamins. 

There is potential for adverse effects in individuals consuming dietary supplements that 
are above the upper level. This can occur not only in individuals consuming high-potency 
single-nutrient supplements but also in individuals who consume a healthy diet  rich in 
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fortified foods in combination with MVM supplements. Furthermore, by law, the listing 
of ingredient amounts on nutrient supplement labels is the minimum content; thus, higher 
intakes are probable. Data from prospective studies have shown that individuals taking 
MVM dietary supplements improved their nutritional adequacy with respect to several 
nutrients but also increased the proportion of their intakes above the upper level for 
several of the supplemented nutrients. With the strong trends of increasing MVM and 
other dietary supplement consumption, and the increasing fortification of the U.S. diet, 
we are concerned that a growing proportion of the population may be consuming levels 
considerably above the upper level, thus increasing the possibility of adverse effects. 

The FDA has insufficient resources and legislative authority to require specific safety 
data from dietary supplement manufacturers or distributors before or after their products 
are made available to the public. This lack of regulation exists despite the reality that 
many of the ingredients of MVMs would be subject to premarket approval if they were 
marketed as food additives and that in some cases the ingredients possess biological 
activities similar, if not identical, to those found in medications. The 1994 Dietary 

Supplement Health and Education Act (DSHEA) assumed that history of use of a 
given supplement was evidence for safety, thus grandfathering in all supplements on the 
market before the legislation. However, use of nutrients in foods and supplements in the 
United States is changing, and we are concerned that public safety cannot be assured. 
Adverse events from MVMs appear with some frequency in both the 
reports of the American Association of Poison Control Centers and the 
FDA's MedWatch system. 

1.7.2.6  Conclusions 

Use of MVMs has grown rapidly over the past several decades, and dietary 
supplements are now used by more than half of the adult population in 
the United States. In general, MVMs are used by individuals who practice healthier 
lifestyles, thus making observational studies of the overall relationship between MVM use 
and general health outcomes difficult to interpret. Despite the widespread use of MVMs, 
we still have insufficient knowledge about the actual amount of total nutrients that 
Americans consume from diet and supplements. This is at least in part due to the 
fortification of foods with these nutrients, which adds to the effects of MVMs or single-
vitamin or single-mineral supplements. Historically, fortification of foods has led to the 
remediation of vitamin and mineral deficits, but the cumulative effects of 
supplementation and fortification have also raised safety concerns about exceeding upper 
levels. 

The current level of public assurance of the safety and quality of MVMs is inadequate, 
given the fact that manufacturers of these products are not required to report 
adverse events and the FDA has no regulatory authority to require labeling changes 

or to help inform the public of these issues and concerns. 

 



1.7.3.0  Antioxidant vitamins not recommended in CVD prevention 
 

 

 

Some of the following material was abstracted, excerpted or modified from:  Antioxidant 
vitamins in the prevention of cardiovascular disease: a systematic review. Asplund K. J 
Intern Med. 2002 May;251(5):372-92. 

Do antioxidant vitamins, in regular food or as food supplements, protect against 
myocardial infarction and stroke? In this systematic literature review on the effects of 
antioxidant vitamins in the primary prevention of cardiovascular disorders, studies with 
ischaemic heart disease, stroke or combined cardiovascular events as end-points have 
been included. Studies on the effects of antioxidant vitamins on intermediary end-points 
(such as blood lipids and blood pressure) and as secondary prevention in patients with 
manifest cardiovascular disease are reviewed in a conventional manner. In observational 
studies (case-control or cohort design), people with high intake of antioxidant vitamins 
by regular diet or as food supplements generally have a lower risk of myocardial 
infarction and stroke than people who are low-consumers of antioxidant vitamins. The 
associations in observation studies have been shown for carotene, ascorbic acid as well as 
tocopherol. In randomized controlled trials, however, antioxidant vitamins as food 
supplements have no beneficial effects in the primary prevention of myocardial 
infarction and stroke. Serious adverse events have been reported. After an 
initial enthusiasm for antioxidants in the secondary prevention of cardiovascular disease, 
recent reports from of several large randomized trials have failed to show any beneficial 
effects. Thus, the apparent beneficial results of high intake of antioxidant vitamins 
reported in observational studies have not been confirmed in large randomized trials. The 
discrepancy between different types of studies is probably explained by the fact that 
supplement use is a component in a cluster of healthy behaviour. Antioxidant 
vitamins as food supplements cannot be recommended in the primary 
or secondary prevention against cardiovascular disease (Antioxidant 
vitamins in the prevention of cardiovascular disease: a systematic review. Asplund K. J. 
Intern Med. 2002 May;251(5):372-92). 

In a randomized placebo-controlled trial, supplementation of a high dose of ascorbic 
acid (4.5 g day 1) during 12 weeks did not effect lipoprotein(a) levels (Bostom AG, 
Hume AL, Eaton CB, Laurino JP, Yanek LR. The effect of high-dose ascorbate 
supplementation on plasma lipoprotein(a) levels in patients with premature coronary 
heart disease. Pharmacotherapy 1995; 15:458–64). 
 
There seems to be no relationship between plasma levels of tocopherol and blood 
pressure (Moran JP, Cohen L, Greene JMet al. Plasma ascorbic acid concentrations 
relate inversely to blood pressure in human subjects. Am J Clin Nutr 1993; 57:213–7) 
(Salonen JT, Salonen R, Ihanainen Met al.Blood pressure, dietary fats, and antioxidants. 
Am J Clin Nutr 1988; 48:1226–32) and little is known about the relationship between 
carotene and blood pressure. 
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It is interesting to note that individuals with a genetically determined 
tocopherol deficiency do not have increased LDL oxidation  (Thomas SR, 
Neuzil J, Stocker R. Cosupplementation with coenzyme Q prevents the prooxidant effect 
of alpha-tocopherol and increases the resistance of LDL to transition metal-dependent 
oxidation initiation. Arterioscler Thromb Vasc Biol 1996; 16:687–96). 

Although one Swedish study has shown elevated levels of plasminogen activator 
inhibitor (PAI-1) in subjects with low intake of fruit and vegetables (Nilsson TK, Sundell 
IB, Hellsten G, Hallmans G. Reduced plasminogen activator inhibitor activity in high 
consumers of fruits, vegetables and root vegetables. J Intern Med 1990; 227:267–71), 
most of the scientific evidence indicates that there is no relationship between intake 
of ascorbic acid or tocopherol and various components of the fibrinolytic system 
(Simon JA. Vitamin C and cardiovascular disease: a review. J Am Coll Nutr 1992; 
11:107–25) (Koh KK, Blum A, Hathaway Let al.Vascular effects of estrogen and vitamin 
E therapies in postmenopausal women. Circulation 1999; 100:1851–7). 

α-Tocopherol given as food supplements in a dose of 800 U day 1 during 3 months to 
hypercholesterolemic individuals did not affect the levels of total cholesterol, LDL 
cholesterol, HDL cholesterol or triglycerides despite a reduction in TBARS, a 
marker of oxidative stress (Bierenbaum ML, Reichstein RP, Bhagavan HN, Watkins 
TR. Relationship between serum lipid peroxidation products in hypercholesterolemic 
subjects and vitamin E status. Biochem Int 1992; 28:57–66). 
 
In a randomized controlled trial (RCT), an `antioxidant cocktail' with β-carotene, 
ascorbic acid, α-tocopherol and selenium reduced platelet aggregation (Salonen JT, 
Salonen R, Seppänen Ket al.Effects of antioxidant supplementation on platelet function: 
a randomized pair-matched, placebo-controlled, double-blind trial in men with low 
antioxidant status. Am J Clin Nutr 1991; 53:1222–9). Platelet adhesiveness to the vessel 
wall is profoundly reduced also in healthy individuals when tocopherol is taken in doses 
around 400 mg daily (Steiner M. Vitamin E: more than an antioxidant. Clin Cardiol 
1993: 16 (Suppl. I): 116–8). However, this seems not to be associated with the 
antioxidative properties of tocopherol but to other mechanisms (inhibition 
of protein kinases and membrane stabilization) (Steiner M. Vitamin E: more than an 
antioxidant. Clin Cardiol 1993: 16 (Suppl. I): 116–8) (Freedman JE, Farhat JH, Loscalzo 
J, Keaney JF. α-Tocopherol inhibits aggregation of human platelets by a protein kinase 
C-dependent mechanism. Circulation 1996; 94:2434–40) (Gokce N, Frei B. Basic 
research in antioxidant inhibition of steps in atherogenesis. J Cardiovasc Risk 1996; 
3:352–7). 

The relationship between plasma tocopherol and future cardiovascular risk has been 
examined only in one study (Sahyoun NR, Jacques PF, Russell RM. Carotenoids, 
vitamins C and E, and mortality in an elderly population. Am J Epidemiol 1996; 144:501–
11) with weak statistical power. Unexpectedly (and contrary to the findings for food 
intake of tocopherol in the same study), people with high plasma levels of tocopherol 
tended to have an increased risk of death from heart disease (Peto's odds ratio 1.61 
(95% CI 0.78–3.33). 



In the Seven Countries Study, mortality from coronary heart disease was followed for 
25 years in 16 cohorts in seven countries. Detailed data on number of cardiovascular 
events have not been given, but 25-year trends in coronary mortality did not 
correlate with trends in dietary intake of β-carotene, tocopherol or 
ascorbic acid (Kromhout D, Bloemberg BPM, Feskens EJM, Hertog MGL, Menotti A, 
Blackburn H. Alcohol, fish, fibre and antioxidant vitamins intake do not explain 
population differences in coronary heart disease mortality. Int J Epidemiol 1996; 25:753–
9). 

Serious adverse cardiovascular effects were noted in one of the studies in which 
there was a significantly increased risk for fatal or nonfatal intracerebral 
and subarachnoid haemorrhage in subjects taking α-tocopherol (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; 330:1029–35) (Leppala JM, Virtamo J, Fogelholm Ret al.Controlled 
trial of alpha-tocopherol and beta-carotene supplements on stroke incidence and mortality 
in male smokers. Arterioscler Thromb Vasc Biol 2000; 20:230–5).  
 
It is possible that the antiplatelet properties of tocopherol have contributed to an 
increased risk of bleeding. In the same trial, there was also a significant increase in 
the risk for intracerebral hemorrhage in the group taking β-carotene, 
but no obvious mechanism to explain this is at hand (Leppala JM, Virtamo J, Fogelholm 
Ret al.Controlled trial of alpha-tocopherol and beta-carotene supplements on stroke 
incidence and mortality in male smokers. Arterioscler Thromb Vasc Biol 2000; 20:230–
5).  
 
In two of the trials, intake of carotene supplements was associated with an increased 
risk of lung cancer in cigarette smokers (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; 330:1029–35) 
(Omenn GS, Goodman E, Thornquist MDet al.Effects of a combination of beta-carotene 
and vitamin A on lung cancer and cardiovascular disease. N Engl J Med 1996; 334:1150–
5). 

There have also been attempts to prevent myocardial injury during coronary by-pass 
operations by pretreatment with high doses of antioxidant vitamins. In an RCT, 
pretreatment with α-tocopherol and ascorbic acid did not affect various indicators 
of myocardial damage (Kugiyama K, Motoyama T, Hirashima Oet al.Vitamin C 
attenuates abnormal vasomotor reactivity in spasm coronary arteries in patients with 
coronary spastic angina. J Am Coll Cardiol 1998; 32:103–9). 

The treatment of intermittent claudication with tocopherol has had its proponents since 
the 1940s. As summarized in a Cochrane review, there have been several small 
randomized trials of tocopherol supplementation in patients with intermittent claudication 
published in the years 1953–75 (Kleijnen J, Mackerras D. Vitamin E for intermittent 



claudication (Cochrane Review). In: The Cochrane Library, Issue 1, 2002. Oxford: 
Update Software). In total, only 265 patients have been randomized. The overall results 
are slightly encouraging, but they do not conclusively confirm reduced symptoms in 
the intervention group. No beneficial effects of tocopherol treatment was observed 
in a more stringent but still small, randomized trial not included in the Cochrane 
review (Leng GC, Lee AJ, Fowkes GR et al. Randomized controlled trial of antioxidants 
in intermittent claudication. Vascular Med 1997; 2:279–85). 

It thus seems that the initial enthusiasm for antioxidants in the secondary prevention of 
new events in people with clinical manifest cardiovascular disease aroused by the 
positive results of the Cambridge Heart Antioxidant Study (CHAOS) trial (Stephens NG, 
Parson A, Schofield PM, Kelly F, Cheeseman K, Mitchinson MJ. Randomised controlled 
trial of vitamin E in patients with coronary disease: Cambridge Heart Antioxidant Study 
(CHAOS). Lancet 1996; 347:781–6) has weaned off as negative results of several large 
randomized trials have emerged in the last few years. 

In a number of the observational studies, including some of the large cohort studies, there 
has been an association between high intake or high plasma levels of antioxidant vitamins 
and low risk of myocardial infarction and/or stroke. This relationship has been most 
clearly shown for tocopherol. On the other hand, the RCTs have all failed to confirm 
an effect of any of the antioxidant vitamins on the risk of cardiovascular events. 
Together, the eight RCTs of antioxidant vitamins as dietary supplements have 
covered close to 700 000 observation years, and more than 4000 fatal and nonfatal 
myocardial infarctions and strokes have been accumulated. This would give a 
sufficient statistical power to detect even a small effect (< 10% risk reduction) of 
antioxidant vitamins in the doses that have been used, if there were such an effect. 

Asplund’s conclusion about ascorbic acid is based on only one trial performed in China. 
However, a similar conclusion was reached, when a meta-analysis of three relatively 
small randomized trials published in the years 1973–84 was conducted (trials published 
before 1989 were not included in our systematic review). These trials randomized a total 
of 1,034 elderly, often sick people. There was no tendency for ascorbic acid 
supplementation to be of benefit (relative risk for all deaths was 1.08; 95% CI 0.93–
1.23) (Ness A, Egger M, Davey Smith G. Role of antioxidant vitamins in prevention of 
diseases. Meta-analysis seems to exclude benefit of vitamin C supplementation. BMJ 
1999; 319:577577). 

The RCTs have been criticized (Jha P, Flather M, Lonn E, Farkouh M, Yusuf S. The 
antioxidant vitamins and cardiovascular disease. Ann Intern Med 1995; 123:860–72) 
(Parthasarathy S, Khan-Merchant N, Penumetcha M, Khan BV, Santanam N. Did the 
antioxidant trials fail to validate the oxidation hypothesis? Curr Atherosclerosis Rep 
2001; 3:392–8): 

•Most of them have not been designed to specifically test the protective effect of 
antioxidant vitamins on cardiovascular disease. The main hypothesis has most often been 
that antioxidant vitamins protect against cancer. 



•Some of the largest trials have included only smokers and the relationship between 
smoking and oxidation is complex. 

•In some of the studies only deaths from cardiovascular disease are reported, and data on 
effects of nonfatal myocardial infarction or stroke are missing. 

•The duration of treatment may have been too short for any effect to be detected. 

•Synthetic antioxidant vitamins have been used and it is not self-evident that these will 
have the same effects on cardiovascular disease as natural antioxidants. 

•Doses of vitamins, especially tocopherol, may have been to low. 

•Specific antioxidant vitamins have been used alone or in combinations of two. There are 
some theoretical advantages of using a cocktail of several antioxidant vitamins. 

•Markers of oxidative stress or other intermediate end-points have not been followed in 
the large clinical trials to see if the vitamins have the expected antioxidative properties in 
the study populations. 

•Physical exercise and low-fat diets with polyunsaturated fatty acids, often 
recommended for the prevention of cardiovascular disease, may actually increase 
oxidation and would therefore counteract any beneficial effects of antioxidant food 
supplements. 

Carotene and ascorbic acid have not only antioxidant but also prooxidant properties 
that are particularly evident at high concentrations of the vitamins (Schwartz JL. 
The dual roles of nutrients as antioxidants and prooxidants: their effects on tumor cell 
growth. J Nutr 1996; 126 (Suppl. 4): 1221S–7S) (Young AJ, Lowe GM. Antioxidant and 
prooxidant properties of carotenoids. Arch Biochem Biophys 2001; 385:20–7).  

Ascorbic acid also enhances the absorption of dietary iron, a powerful prooxidant 
(Gerster H. High-dose vitamin C: a risk for persons with high iron stores? Int J Vitam 
Nutr Res 1999; 69:67–82). A prooxidant activity of vitamins at high doses has been 
offered as an explanation not only for the lack of benefits on cardiovascular disease but 
for the apparent increased risk of cancer in two of the randomized trials (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; 330:1029–35) (Omenn GS, Goodman E, Thornquist MDet al.Effects of a 
combination of beta-carotene and vitamin A on lung cancer and cardiovascular disease. N 
Engl J Med 1996; 334:1150–5). Here go the authors again, attributing the prooxidant 
activity of the antioxidant vitamins as the cause of the failed studies and for the 
cause of adverse effects of these antioxidants.  They can not grasp the concept that 
the free radical theory is wrong.  This is the obvious reason that there is no 
predictability with the use of antioxidants.  



The scientific evidence emerging from ecological, cross-sectional, case–control and 
cohort studies is generally weaker than that of an RCT. A major problem with cohort 
studies is that people with high versus low intake of antioxidant vitamins differ in a 
number of aspects that can be only partly compensated for in the statistical analyses. 
Supplement use is one component in a cluster of healthy behaviour (Houston DK, 
Johnson MA, Daniel TD, Poon LW. Health and dietary characteristics of supplement 
users in an elderly population. Int J Vit Nutr Res 1997; 67:183–91).  

Several studies have adjusted for differences in important prognostic variables (for 
instance smoking, alcohol consumption, elevated blood pressure, physical activity and 
socio-economic status). Other possible confounders like serum lipid levels have rarely 
been adjusted for. 

Time series in the acute phase of myocardial infarction indicate that the plasma 
levels of carotene and tocopherol do not change much during the first 24 h (Levy Y, 
Bartha P, Ben-Amotz Aet al.Plasma antioxidants and lipid peroxidation in acute 
myocardial infarction and thrombosis. J Am Coll Nutr 1998; 17:337–41). 

A weakness of most observational studies is also that intake or serum/plasma levels of 
antioxidant vitamins have been measured only on one occasion and that it has not been 
possible to account for variations occurring during long-term follow-up. This could 
possibly reduce the possibilities of detecting a correlation. In two of the studies, dietary 
interviews have been repeated (Knekt P, Reunanen A, Järvinen R, Seppänen R, 
Heliövaara M, Aromaa A. Antioxidant vitamin intake and coronary mortality in a 
longitudinal population study. Am J Epidemiol 1994; 1390:1180–9) (Keli SO, Hertog 
MGL, Feskens EJM, Kromhout D. Dietary flavonoids, antioxidant vitamins and 
incidence of stroke. Arch Intern Med 1996; 156:637–42). There was a considerable 
discrepancy between what was reported on different occasions. This is partly because of 
the inaccuracies of various methods used to record dietary intakes, partly because of 
change in dietary habits during long-term follow-up. Many of the methods used to record 
dietary intake seem to have underestimated food intake. Therefore, it may be that it has 
been more difficult to show any relationship between antioxidant intake by the regular 
diet than by food supplementation (Byers T, Bowman B. Vitamin E supplements and 
coronary heart disease. Nutr Rev 1993; 51:333–6).  

It must, however, be kept in mind that it is very hard to reach the same intake by 
regular food as by taking vitamin supplements – the content of tocopherol in 
multivitamin tablets is 3–4 times higher than that reached by normal food intake 
and the content of tocopherol may be 40–50 times higher (Byers T, Bowman B. 
Vitamin E supplements and coronary heart disease. Nutr Rev 1993; 51:333–6). 

Secular trends in cardiovascular disease epidemiology may add to the difficulties in 
interpreting the results. The first studies of antioxidants and cardiovascular disease 
where ecological, then followed case–control studies, cohort studies and finally 
randomized trials. As mortality from cardiovascular disease is declining rapidly in most 
affluent countries, it has become considerably more difficult to show effects of 



preventive interventions than when the first observational studies were performed. Much 
larger studies are needed today to reach the same statistical power. 

With an increased intake of antioxidant vitamins in the general diet in those countries 
where the studies have been performed, the effects of high doses of antioxidant vitamins 
as dietary supplements may be more difficult to demonstrate. A larger share of subjects at 
high risk for cardiovascular disease may take other preventive medicines such as low-
dose aspirin. It is also possible that, when indications of a beneficial effect of a certain 
preventive intervention are accumulating, more persons are excluded from RCTs and 
receive treatment already before its value has been fully documented. Together, all these 
factors may contribute to increase in difficulties in showing any effects of various 
cardiovascular interventions, at least as long as the effects are recorded as mortality from 
myocardial infarction and stroke. 

1.7.3.1  American Heart Association statement 

Much research has recently focused on how antioxidant vitamins may reduce 
cardiovascular disease risk. Antioxidant vitamins — E, C and beta carotene (a form of 
vitamin A) — have potential health-promoting properties. Though the data are 
incomplete, up to 30 percent of Americans are taking some form of antioxidant 
supplement. (data accessed 2/17/07 americanheart.org). 

1.7.3.2  AHA Scientific Position 

The American Heart Association doesn't recommend using antioxidant vitamin 
supplements until more complete data are available. We continue to recommend that 
people eat a variety of nutrient-rich foods daily from all the basic food groups. 

Eating a variety of foods low in saturated fat, trans fat and cholesterol will provide a 
natural source of these vitamins, minerals and fiber. 

Oxidation of low-density lipoprotein (LDL or "bad") cholesterol is important in the 
development of fatty buildups in the arteries. This process, called atherosclerosis, can 
lead to heart attacks and strokes. Until recently, it was thought that LDL cholesterol 
lipoprotein oxidation and its biological effects could be prevented by using antioxidant 
supplements. However, more recent clinical trials have failed to demonstrate a beneficial 
effect of antioxidant supplements. Some studies even suggest that antioxidant supplement 
use could have harmful effects. 

Using dietary supplements of antioxidants to prevent cardiovascular disease should 
not be recommended until their effect is proved in clinical trials that directly test 
their impact on CVD end points. Beneficial effects must be demonstrated in well 
designed (randomized, placebo-controlled) clinical trials before recommending 
widespread use to prevent cardiovascular disease. 



At this time, the scientific evidence supports a diet high in food sources of 
antioxidants and other heart-protecting nutrients, such as fruits, vegetables, whole 
grains and nuts instead of antioxidant supplements to reduce risk of CVD. 

1.7.3.3  Vitamins C, E Did Not Prevent Preeclampsia or Perinatal Complications in 
Nulliparous Women  
 
Australian Collaborative Trial of Supplements (ACTS), (Alice R. Rumbold, 2006) 
1,877 nulliparous women between 14 and 22 weeks of gestation were randomized to 
daily supplementation with 1000 mg of vitamin C and 400 IU of vitamin E, or to placebo, 
until delivery. Vitamins C and E supplementation during pregnancy does not reduce 
the risk for preeclampsia or maternal or fetal complications in nulliparous women. 
Certain adverse maternal outcomes were more common in the antioxidant group 
than in the placebo group, but these findings could be explained by chance alone. 

April 26, 2006 — Vitamins C and E supplementation during pregnancy does not 
reduce the risk for preeclampsia or maternal or fetal complications in nulliparous 
women, according to the results of a multicenter, randomized trial reported in the April 
27 issue of The New England Journal of Medicine. (N Engl J Med. 2006;354:1796-1806, 
1841-1843). 

"Supplementation with antioxidant vitamins has been proposed to reduce the risk of 
preeclampsia and perinatal complications, but the effects of this intervention are 
uncertain," write Alice R. Rumbold, PhD, from the University of Adelaide in Australia, 
and colleagues. "There is limited information about the effects of antioxidants on serious 
health outcomes in infants and on whether there may be benefits independent of a 
reduction in preeclampsia. There have been calls for further randomized trials in 
populations that have a different risk of preeclampsia to assess the efficacy and safety of 
antioxidant supplementation." 

1.7.3.4 Australian Collaborative Trial of Supplements (ACTS) 

In the Australian Collaborative Trial of Supplements (ACTS), 1,877 nulliparous 
women between 14 and 22 weeks of gestation were randomized to daily 
supplementation with 1000 mg of vitamin C and 400 IU of vitamin E, or to placebo, until 
delivery. The main endpoints were the risks for maternal preeclampsia, death, or serious 
outcomes in the infants, and birth weight below the 10th percentile for gestational age. 

Baseline characteristics of the vitamin group and of the placebo group were similar. 
There were no significant differences between the vitamin and placebo groups in the risk 
for preeclampsia (6.0% vs 5.0%; relative risk [RR], 1.20; 95% confidence interval [CI], 
0.82 - 1.75), death or serious outcomes in the infant (9.5% vs 12.1%; RR, 0.79; 95% CI, 
0.61 - 1.02), or the proportion of women delivering an infant with birth weight below the 
10th percentile for gestational age (8.7% vs 9.9%; RR, 0.87; 95% CI, 0.66 - 1.16). 



"Supplementation with vitamins C and E during pregnancy does not reduce the risk 
of preeclampsia in nulliparous women, the risk of intrauterine growth restriction, or 
the risk of death or other serious outcomes in their infants," the authors write. "This 
finding contrasts with the findings in an earlier trial that supplementation with vitamins C 
and E was beneficial in women at high risk for preeclampsia." 

Study limitations include lack of statistical adjustment for multiple comparisons in the 
analyses of secondary outcomes; and inability to generalize these findings to women with 
low dietary intakes of antioxidants. 

"Our results do not support routine supplementation with vitamins C and E during 
pregnancy to prevent preeclampsia or other adverse perinatal outcomes in 
nulliparous women," the authors conclude. 

In an accompanying editorial, Arun Jeyabalan, MD, and Steve N. Caritis, MD, from 
Magee–Womens Hospital and the University of Pittsburgh School of Medicine in 
Pennsylvania, note that this trial was powered to detect only a reduction of 50% or more 
in the risk of preeclampsia, and that the possibility of a smaller benefit in these women 
could not be ruled out. Certain adverse maternal outcomes were more common in the 
antioxidant group than in the placebo group, but these findings could be explained 
by chance alone. 

"The Maternal–Fetal Medicine Units Network of the National Institute of Child Health 
and Human Development is currently conducting a multicenter trial in the United States 
of supplementation with vitamin C and vitamin E for the prevention of preeclampsia, 
with an anticipated sample of 10,000 low-risk women," Drs. Jeyabalan and Caritis write. 
"The data safety monitoring committee has decided to continue this trial without 
modification, after reviewing [these] results.... Until more data are available, given the 
scant evidence of benefit and the potential for harm, supplemental antioxidant 
therapy for the prevention of preeclampsia should be limited to women enrolled in 
randomized trials and should not be prescribed as part of routine practice." 

1.7.3.5  Vitamins C and E suppresses leukocyte oxygen free radical production 

Clinical studies suggest that neutrophil activation during acute myocardial infarction (MI) 
aggravates tissue injury. Activated neutrophils are an important source of oxygen free 
radicals (OFR), the injurious effects of which are counteracted by endogenous 

antioxidants. We have previously shown in healthy subjects that supplementation with 
antioxidant vitamins C and E suppresses OFR production by isolated neutrophils assayed 
by chemiluminescence (CL). In conclusion, supplementation with vitamins C and E 
suppresses neutrophil OFR production and lowers the marker of lipid peroxidation in 
patients with MI.( Supplementation with vitamins C and E suppresses leukocyte oxygen 
free radical production in patients with myocardial infarction. K. Herbaczyn Ska-Cedro. 
European Heart Journal. 1995. Vol. 16, No. 8. pp. 1044-1049). 
 
 



1.7.3.6  Vitamins E and C do not reduce neutrophil respiratory burst in smokers 

The purpose of this study was to determine the effect of vitamin E and/or vitamin C 
supplementation on low-density lipoprotein (LDL) oxidizability and neutrophil (PMN) 
superoxide anion production in young smokers.  

Thirty smokers with a <5 pack-year history were randomly assigned to take placebo; 
vitamin C (1 g/day); vitamin E (400 IU/day); or both vitamins in a double-blind fashion. 
Subjects took the supplements for 8 weeks. At weeks 0 and 8, blood was collected for 
isolation of LDL and PMN, and for antioxidant vitamin analysis. LDL was oxidized with 
a copper (Cu) catalyst, and oxidation was measured by formation of conjugated dienes 

over a 5-hour time course. PMN superoxide anion release was assessed by respiratory 
burst after stimulation with phorbol ester and opsonized zymosan, and their ability to 
oxidize autologous LDL following treatment with the above stimuli was measured with 
the conjugated diene assay.  

Subjects who received vitamin E alone had a significant increase in the lag phase of Cu-
catalyzed LDL oxidation, whereas the vitamin C and placebo groups had no changes 
in LDL oxidation kinetics. The group receiving both vitamins E and C had a significant 
reduction in oxidation rate. There were no significant changes for any group in PMN 
superoxide anion production or PMN LDL oxidation after stimulation with either 
phorbol ester or opsonized zymosan. Plasma and LDL vitamin E concentrations were 
significantly increased in both groups that received vitamin E. The subjects who received 

vitamin C alone had no significant change in plasma vitamin C concentrations; however, 
when data were pooled from both groups who received vitamin C, the increases were 
significant.  

Vitamin E supplementation of young smokers was effective in reducing Cu-catalyzed 
LDL oxidizability; however, vitamin E and/or C supplementation showed few 
significant effects on the more physiologically relevant PMN function. 
This casts doubt on the ability of antioxidant supplementation to reduce oxidative 

stress in smokers in vivo. Therefore, smoking cessation remains the only means by 
which young smokers can prevent premature coronary heart disease (The Effect of 
Vitamin E and Vitamin C Supplementation on LDL Oxidizability and Neutrophil 
Respiratory Burst in Young Smokers. Cindy J. Fuller, PhD, RD, Margaret A. May, MSN, 
MS, RD and Karla J. Martin. Journal of the American College of Nutrition, Vol. 19, No. 
3, 361-369 (2000). 

1.7.3.7  Vitamin E failed to decrease LDL cytotoxicity or prostacyclin production in 
smokers 

Investigators clarified whether supplementation of vitamin E can alter the low 
density lipoprotein (LDL) oxidation properties and thereby affect endothelial cell 
function and prostacyclin production in smokers compared to nonsmokers on diets 
rich in fish in a pilot study. DESIGN: The LDL of six smokers and six nonsmokers on 
habitual high fish diet was isolated before and after an 8-week supplementation of 



vitamin E (800 IU/day). LDL was oxidized by incubation with CuSO4. Cytotoxicity of 
LDL oxidized to different degrees on endothelial cells was investigated in vitro in these 
two groups.Setting:Helsinki University Central Hospital; Institute of Biomedicine, 
Pharmacology, University of Helsinki. RESULTS: At baseline, the rate of oxidation was 
higher in nonsmokers than in smokers. The lag phase increased significantly after the 
supplementation of vitamin E both in smokers and nonsmokers. Native LDL dose 
dependently tended to reduce the viability of endothelial cells in vitro more markedly 
when isolated from smokers than from nonsmokers. Vitamin E supplementation had no 
beneficial effect on the cytotoxicity of oxidized LDLs in endothelial cell culture. On the 
other hand, simultaneous administration of Trolox, the water-soluble analogue of vitamin 
E, attenuated the LDL cytotoxicity on endothelial cells. The vitamin E supplementation 
to LDL donors attenuated the increase in prostacyclin production both in smokers and 
nonsmokers. CONCLUSION: Supplementation of LDL donors (healthy male volunteers 
on habitual fish diet) with vitamin E increased the lag phase of LDL oxidation, but, on 
the other hand, did not influence in vitro cytotoxicity of LDL, or 
prostacyclin production (Effects of vitamin E on the toxicity of oxidized LDL on 
endothelial cells in vitro in smokers vs nonsmokers on diets rich in fish. L.Seppo et al. 
Eur J Clin Nutr. 2005 Nov;59(11):1282-90).  Again, vitamin E fails to meet 
predictions. 

1.7.3.8  Vitamin E and beta carotene increase risk of premalignant oral cancer in 
smokers 

Vitamin C from dietary sources, but not from supplements, is associated with a 
reduced risk of oral pre-malignant lesions in men, a new study indicates (International 
Journal of Cancer, March 2007). 

Dr. Nancy Nairi Maserejian, of New England Research Institutes, Watertown, 
Massachusetts, and colleagues examined intake of vitamins C, E, A and carotenoids in 
42,340 men enrolled in the Health Professionals Follow-up Study and the occurrence 
of oral pre-malignant lesions. The men provided information on supplement use and diet 
every 2 to 4 years. 

A total of 207 oral premalignant lesions were diagnosed between 1986 and 2002, the 
team reports in the International Journal of Cancer. 

The risk of developing such a lesion was not significantly linked to total intake of 
vitamin C, vitamin A, or carotenoids. However, dietary vitamin C was 
significantly associated with a reduced risk of oral premalignant lesions: 
those with the highest intake had a 50 percent reduction in risk compared to those with 
the lowest intake. 

The researchers found no clear relationship with beta-carotene, lycopene, or 
lutein/zeaxanthin. A trend for increased risk of oral pre-malignant lesions 
was observed with vitamin E, especially among current smokers and 



with vitamin E supplements. Beta-carotene also increased the risk 
among current smokers. 

"It is possible that the protection that seems to be offered by dietary intake of 
vitamin C is actually partly due to some other component of vitamin C-rich food," 
Maserejian said in an interview with Reuters Health. 

"Although we do not yet know exactly what component -- or interaction between 
components -- is most important, a diet that includes vitamin C-rich foods as well as a 
variety of nutrients is likely to benefit most people," she said. 

"Our results also highlight the need to consider possible harmful effects of high 
doses of vitamin E supplements among smokers," the researcher noted. 

1.7.3.9  Antioxidant supplementation has no effect on biomarkers of oxidant damage 

The link between high fruit/vegetable intake and reduced chronic disease may be partly 
explained by antioxidant protection. To determine the effect of moderate antioxidant 
intake on biomarkers of oxidant damage, Jacob et al. assessed in vivo lipid and protein 
oxidation in 77 healthy men whose typical diet contained few fruits and vegetables (mean 
of 2.6 servings/d). The 39 nonsmokers and 38 smokers, age 20– 51 y, were given a daily 
supplement (272 mg vitamin C, 31 mg all-rac- -tocopherol, and 400 µg folic acid), or 
placebo, for 90 d with their usual diet. Blood and urine were taken at baseline and the end 
of the study for determination of lipid peroxidation products, including F2-total and 8-
isoprostanes, and protein carbonyls. Urine thiobarbituric acid reactive substances 

(TBARS) was the only oxidant damage marker that was significantly higher in smokers 
compared to nonsmokers (P < 0.05). Supplementation increased plasma 
ascorbate and tocopherol, but had no effect on the oxidant biomarkers. 
In healthy young men, the endogenous antioxidant defense system and a modest intake of 
dietary antioxidants are adequate to minimize levels of in vivo oxidant damage such that 
they cannot be differentiated by current methods (Moderate Antioxidant Supplementation 
Has No Effect on Biomarkers of Oxidant Damage in Healthy Men with Low Fruit and 
Vegetable Intakes. Robert A. Jacob et al. and Bruce Ames. J. Nutr. 133:740-743, March 
2003). I believe that this is landmark paper, which effectively serves to invalidate the 
free radical theory. 

1.7.3.10  Some of Asplund’s conclusions 

•People affected by ischaemic heart disease and stroke and populations with a high 
occurrence of cardiovascular disease often have low intake or low plasma levels of 
antioxidant vitamins. This does not necessarily mean that low levels contribute to cause a 
cardiovascular event. Rather, it may reflect the fact that a low intake of antioxidant 
vitamins is one of several unfavorable lifestyle factors. Reduced plasma levels may also 
result from an emerging atherosclerotic process with consumption of antioxidant 
vitamins. 



•In observational studies using case–control or cohort designs, people with high intake of 
antioxidant vitamins by regular diet or as food supplements usually have a low risk of 
myocardial infarction and stroke. The association is shown for carotene, ascorbic acid 
and tocopherol. The value of observational studies is limited by difficulties to control 
for all putative confounding factors. High intake of antioxidant vitamins is a 
component of a cluster of healthy behavior. 

•In RCTs, antioxidant vitamins as food supplements have convincingly 
been shown to have no beneficial effects on the risk for myocardial 
infarction or stroke. They cannot be recommended in the primary prevention against 
cardiovascular disease. This conclusion is based on solid scientific evidence for carotene 
and tocopherol. For ascorbic acid, the evidence is weaker. A report on increased 
risk of intracerebral and subarachnoid haemorrhage during treatment 
with carotene and tocopherol may caution against the use of antioxidant 
vitamins in healthy people. 

1.7.3.11  My conclusions based on Asplund’s paper (23 factoids): 
 

- a high dose of ascorbic acid (4.5 g day 1) during 12 weeks did not effect 
lipoprotein(a) levels (Bostom AG) 

- 

- 

- 

There seems to be no relationship between plasma levels of tocopherol and 
blood pressure (Moran JP) 
individuals with a genetically determined tocopherol deficiency do not have 
increased LDL oxidation  (Thomas SR) 
α-Tocopherol given as food supplements in a dose of 800 U day 1 during 
3 months to hypercholesterolemic individuals did not affect the levels of total 
cholesterol, LDL cholesterol, HDL cholesterol or triglycerides despite a 
reduction in TBARS, a marker of oxidative stress (Bierenbaum ML) 

- 

- 

- 

- 

- 

most of the scientific evidence indicates that there is no relationship between 
intake of ascorbic acid or tocopherol and various components of the 
fibrinolytic system (Simon JA) (Koh KK) 
Reduced platelet adhesiveness seems not to be associated with the 
antioxidative properties of tocopherol but to other mechanisms (inhibition of 
protein kinases and membrane stabilization) (Steiner M) 
people with high plasma levels of tocopherol tended to have an increased risk 
of death from heart disease (Sahyoun NR) 
In the Seven Countries Study, mortality from coronary heart disease was followed 
for 25 years in 16 cohorts in seven countries. The 25-year trends in coronary 
mortality did not correlate with trends in dietary intake of β-carotene, 
tocopherol or ascorbic acid (Kromhout D) 
Serious adverse cardiovascular effects were noted in one of the studies in 
which there was a significantly increased risk for fatal or nonfatal 
intracerebral and subarachnoid haemorrhage in subjects taking α-
tocopherol (The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study 
Group) (Leppala JM) 



- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

there was also a significant increase in the risk for intracerebral 
haemorrhage in the group taking β-carotene, but no obvious mechanism to 
explain this is at hand (Leppala JM) 
In two of the trials, intake of carotene supplements was associated with an 
increased risk of lung cancer in cigarette smokers (The Alpha-Tocopherol, 
Beta-Carotene Cancer Prevention Study Group) (Omenn GS) 
In an RCT, pretreatment with α-tocopherol and ascorbic acid did not affect 
various indicators of myocardial damage (Kugiyama K) 
Investigators do not conclusively confirm reduced symptoms for intermittent 
claudications in the intervention group. No beneficial effects of tocopherol 
treatment was observed in a more stringent but still small, randomized trial 
not included in the Cochrane review (Leng GC) (Kleijnen J) 
the RCTs have all failed to confirm an effect of any of the antioxidant 
vitamins on the risk of cardiovascular events. Together, the eight RCTs of 
antioxidant vitamins as dietary supplements have covered close to 700 000 
observation years, and more than 4000 fatal and nonfatal myocardial 
infarctions and strokes have been accumulated. This would give a sufficient 
statistical power to detect even a small effect (< 10% risk reduction) of 
antioxidant vitamins in the doses that have been used, if there were such an 
effect (Asplund ) 
There was no tendency for ascorbic acid supplementation to be of benefit 
(relative risk for all deaths was 1.08; 95% CI 0.93–1.23) (Ness A, Role of 
antioxidant vitamins in prevention of diseases. Meta-analysis seems to 
exclude benefit of vitamin C supplementation) 
Carotene and ascorbic acid have not only antioxidant but also prooxidant 
properties that are particularly evident at high concentrations of the vitamins 
(Schwartz JL) 
Ascorbic acid also enhances the absorption of dietary iron, a powerful 
prooxidant (Gerster H) 
it is very hard to reach the same intake by regular food as by taking vitamin 
supplements – the content of tocopherol in multivitamin tablets is 3–4 times 
higher than that reached by normal food intake and the content of 
tocopherol may be 40–50 times higher (Byers T) 
High intake of antioxidant vitamins is a component of a cluster of healthy 
behavior 
In RCTs, antioxidant vitamins as food supplements have convincingly been 
shown to have no beneficial effects on the risk for myocardial infarction or 
stroke 
In randomized controlled trials, however, antioxidant vitamins as food 
supplements have no beneficial effects in the primary prevention of 
myocardial infarction and stroke. Serious adverse events have been 
reported 
A report on increased risk of intracerebral and subarachnoid hemorrhage 
during treatment with carotene and tocopherol may caution against the 
use of antioxidant vitamins in healthy people 



- Antioxidant vitamins as food supplements cannot be 
recommended in the primary or secondary prevention against 
cardiovascular disease (Antioxidant vitamins in the prevention of 
cardiovascular disease: a systematic review. Asplund K) 

 

1.7.4.0  Antioxidant Vitamins May not Prevent GI Cancers 

A Cochrane report has concluded that researchers were unable to find evidence that 
supplementation with antioxidants prevents gastrointestinal cancers and in fact 
actually appears to increase overall mortality. The details of this review and meta-
analysis appeared in the October 2, 2004 issue of the Lancet . (Bjelakovic G, Nikolova D, 
Simonetti RG, et al. Antioxidant supplements for prevention of gastrointestinal cancers: a 
systematic review and meta-analysis. Lancet . 2004;364;1219-1228).  

In observational studies, antioxidant vitamins have been found to decrease the incidence 
of gastrointestinal cancers; however, randomized trials have been less convincing. 
Bjelakovic’s study authors looked at 14 randomized trials that included 170,525 
subjects. These trials were designed to determine if one or more antioxidant vitamin 
decreased the incidence of gastrointestinal cancer or pre-cancer in the case of colon 
adenomas. These researchers found that the use of antioxidant supplements 
either alone or in specific combinations did not significantly affect the 
incidence of esophageal, gastric, colorectal or pancreatic cancers when 
compared to placebo when used for a period of 1-12 years. The only exception to this 
conclusion was the observation that selenium may have decreased the incidence of 
hepatocellular carcinoma in high-risk patients. They also stated that vitamin C was 
inadequately studied in randomized trials. They also reported that beta carotene with 
or without vitamin A appeared to increase mortality. In addition, they 
observed an overall increase in mortality in the antioxidant group, with the 
magnitude depending of the type of statistic performed. In no analysis was there a 
decrease in mortality from antioxidant use. An accompanying editorial stated 
that “the mortality analysis in Bjelakovic and colleagues’ review is a work in progress, 
and does not offer convincing proof of hazard.” (Forman D and Altman D. Vitamins to 
prevent cancer: supplementary problems. Lancet . 2004;364;1193-1194).  

Bjelakovic’s study shows the risks of widespread adoption of cancer preventive 
measures based on observational trials and not randomized trials. Whether or not 
antioxidant supplements increase mortality may be in doubt, but it is unlikely, given this 
data, that mortality is decreased with antioxidants. This should be of concern to 
patients and physicians, since the use of such supplements is very widespread. 

My conclusions based on Bjelakovic’s study (5 factoids) (Bjelakovic G, Nikolova D, 
Simonetti RG, et al. Antioxidant supplements for prevention of gastrointestinal cancers: a 
systematic review and meta-analysis. Lancet . 2004;364;1219-1228):  



- 

- 

- 

- 

- 

the use of antioxidant supplements either alone or in specific 
combinations did not significantly affect the incidence of 
esophageal, gastric, colorectal or pancreatic cancers (14 randomized 
trials that included 170,525 subjects.) 
beta carotene with or without vitamin A appeared to increase 
mortality 
In no analysis was there a decrease in mortality from antioxidant 
use 
Bjelakovic was unable to find evidence that supplementation with 
antioxidants prevents gastrointestinal cancers and in fact actually appears to 
increase overall mortality 
the use of such supplements is very widespread and the potential danger 
should be of grave concern by physicians and consumers 

 

1.7.4.1  Fat In Stomach May Override Effects Of Vitamin C 

Fats in our stomach may reduce the protective effects of antioxidants such as vitamin C. 
Scientists at the University of Glasgow found that in the presence of lipid the ability of 
antioxidants, such as ascorbic acid (the active component of vitamin C), to protect 
against the generation of potential cancer-forming compounds in the stomach is less 
than when no lipids are present. "Our results illustrate how diet can influence gastric 
biochemistry", says Emilie Combet, the post-doctoral researcher working on the project, 
who presented her results at the Society of Experimental Biology's Annual Main Meeting 
on Monday 2nd of April, 2007.  
 
The incidence of cancer of the proximal stomach has been increasing over the last 20 
years for which environmental factors, such as diet, certainly play a part. Nitrite, which 
is present in our saliva and is derived from nitrate in our diet, is thought to be a pre-
carcinogen for gastric cancer. When it is swallowed and enters the acidic environment of 
the stomach, nitrite spontaneously forms nitrosating species able to convert a range of 
targets, such as secondary amines and bile acids, into carcinogenic N-nitrosocompounds. 
Antioxidants such as ascorbic acid protect against the formation of these 
nitrosocompounds by converting the nitrosating species back into nitric oxide (NO). 
However, NO diffuses rapidly to lipids, where it reacts with oxygen to reform nitrosating 
species. The presence of lipids therefore overrides the protective effect of vitamin C 
against the formation of harmful compounds. 

1.7.4.2 Vitamin C, vitamin E negative to prevent, treat or modify cancer risk 

A longtime theory has argued that the adequacy of the supply of antioxidant vitamins to 
people's cells and tissues has a role in cancer's development, progress, and outcomes. A 
team headed by Ian Coulter, Ph.D., of the Southern California Evidence-Based Practice 
Center at RAND, analyzed the literature (selecting 38 studies for detailed review) on 
whether two antioxidants--vitamin C and vitamin E--prevent, treat, and/or modify the 



risks for cancer. They concluded that neither vitamin C and vitamin E supplements 
were effective for these purposes, at the doses and in the populations tested. They noted 
that there were a few isolated findings of benefit, but these would need to be studied 
further in order to be confirmed, and the findings from randomized clinical trials were 
generally negative. Journal of General Internal Medicine, July 2006.  

Thirty-eight studies showed scant evidence that vitamin C or vitamin E beneficially 
affects survival. In the ATBC Cancer Prevention Study Group, no statistically significant 
effect of treatment was seen for any cancer individually, and our pooled relative risk 
(regardless of tumor type) for α-tocopherol alone was 0.91 (95% confidence interval [CI]: 
0.74, 1.12). All cause mortality was not significant. In the Linxian General Population 
Trial, the relative risks for cancer death for vitamin C (combined with molybdenum) was 
1.06 (95% CI: 0.92, 1.21) and for vitamin E (combined with β-carotene and selenium) 
was 0.87 (95% CI: 0.76, 1.00). We identified only 3 studies that reported statistically 
significant beneficial results: vitamin C (in combination with BCG) was found to be 
beneficial in a single trial of bladder cancer and vitamin E (in combination with ω-3 fatty 
acid) increased survival in patients with advanced cancer. In the ATBC trial, in analyses 
of 6 individual cancers, the prevention of prostate cancer in subjects treated with α-
tocopherol was statistically significant (RR=0.64, 95% CI: 0.44, 0.94). CONCLUSIONS:  

The systematic review of the literature does not support the hypothesis that the use 
of supplements of vitamin C or vitamin E in the doses tested helps prevent and/or 
treat cancer in the populations tested. There were isolated findings of benefit, which 
require confirmation (Antioxidants Vitamin C and Vitamin E for the Prevention and 
Treatment of Cancer. Coulter, Ian D.; Hardy, Mary L.; Morton, Sally C.; Hilton, Lara 
G.; Tu, Wenli; Valentine, Di; Shekelle, Paul G. Journal of General Internal Medicine, 
Volume 21, Number 7, July 2006, pp. 735-744(10)). 

1.7.4.3 The Big C vs. Vitamin C 

Antioxidants were initially thought to prevent cancer.  In the 1970s, Nobel laureate Linus 
Pauling and Ewan Cameron reported that advanced-cancer patients treated with 
megadoses of vitamin C survived significantly longer than patients not so treated. 
Subsequently, vitamin C therapy proved to be a highly controversial issue and some 
researchers dismissed it, calling Pauling's study flawed. Later, the Mayo Clinic 
conducted large-scale trials, testing the effect of vitamin C on a number of cancers 
and found no consistent benefit to Pauling's therapy.   

In 2007, the Johns Hopkins Magazine reported vitamin C studies led by Chi V. Dang, 
professor of medicine and vice dean for research, proposing that, if an antioxidant like 
vitamin C worked, it was by preventing free radicals from doing DNA damage.  The Myc 
oncogene, which is present in 25% of tumors, produces oxygen free radicals and it was 
their belief that these free radicals damaged DNA and promoted tumor growth.  Vitamin 
C was theorized to block the ROS and prevent tumor growth but that was not what 
Dang found.  They implanted mice with human lymphoma and prostate cancer cells 
and activated Myc, which produced free radicals. Then they gave the mice water 

http://www.ingentaconnect.com/content/bsc/jgi;jsessionid=21bpe80khs9pt.henrietta


containing one of two antioxidants, including vitamin C, to destroy the ROS and thereby 
theoretically prevent DNA damage and cancer formation. After a few weeks, the 
researchers found that the tumors implanted in the treated mice had not grown and they 
therefore felt that the antioxidants had apparently worked.  

However, Dang and colleagues were shocked to find that the control mice, not given 
antioxidants, showed tumor growth and an abundance of free radicals-but not 
DNA damage.  This finding is in direct conflict with the free radical theory. 

They realized that if tumors grow despite the presence of free radicals and undamaged 
DNA, then, in the test mice, it wasn't the destruction of free radicals that halted the 
tumor growth and that the antioxidants had to be working some other way.  Dang and 
co-worker, Ping Gao, believed that destroying free radicals by applying antioxidants 
worked because it lowered HIF-1 levels, eliminating the cancer's back-up energy source.  
Cancer cell have an abundance of HIF-1 and HIF-1 levels depend on the presence of free 
radicals.  

Dang’s work is pivotal in exposing the mistaken approach that EMODs are 
causative of cancer and the erroneous idea that antioxidants can prevent cancer. 

1.7.4.4 Antioxidant vitamins and pulmonary function 
 
Considerations of causality 
 
Criteria for causal inference 
1. Temporal relation 
2. Strength of the evidence (study design) 
3. Magnitude of the effect 
4. Dose-response relation 
5. A priori hypothesis testing (was the study, at least in part, 
designed to investigate this hypothesis?) 
6. Small number of hypotheses explored (how many 
hypotheses are investigated in each article and in related 
articles?) 
7. Consistency across studies 
8. Indirect evidence 
9. Have other plausible competing hypotheses been ruled out? 
(Epidemiologic Evidence Linking Antioxidant Vitamins to Pulmonary Function and 
Airway Obstruction. Schunemann et al. Epidemiol Rev Vol. 23, No. 2, 2001). 
 
Prospective cohort studies. COPD mortality after 25 years of follow-up was inversely 
related to vitamin C, vitamin E, and total fruit intake in the "Seven Countries 
Study" at baseline. Included in the Seven Countries Study are data from the Zutphen 
study in which, in an earlier analysis, an inverse association of chronic lung disease 
incidence with baseline fruit intake was observed (Tabak C, Feskens EJ, Heederik D, et 
al. Fruit and fish consumption:  a possible explanation for population differences in 



COPD mortality (The Seven Countries Study). Eur J Clin Nutr 1998;52:819-25) 
(Miedema I, Feskens EJM, Heederik D, et al. Dietary determinants of long-term 
incidence of chronic nonspecific lung diseases. The Zutphen Study. Am J Epidemiol 
1993;138: 37-45).  
 
1.7.4.5  Vitamin C supplements increased risk of adult-onset asthma 
 
A different outcome was investigated in the Nurses' Health Study by Troisi et al. who 
reported that vitamin C intake from both diet and supplements but not from diet 
alone was associated with an elevated risk of adult-onset asthma (Troisi RJ, Willett 
WC, Weiss ST, et al. A prospective study of diet and adult-onset asthma. Am J Respir 
Crit Care Med 1995;151:1401-8). However, these two prospective studies do not 
unequivocally support either a beneficial or a harmful effect on outcomes such as COPD 
or asthma. 
 
The evidence of a protective effect of fruit and vegetable intake on pulmonary function 
and outcomes associated with airways obstruction is somewhat stronger than for vitamins 
C or E based on three prospective cohort studies that show an association with respiratory 
outcomes. However, it is impossible at present to identify the nutrients or specific 
fruits or vegetables associated with this effect or to exclude that this effect is related 
to other healthy lifestyle habits in persons who consume fruits and vegetables. 
(Epidemiologic Evidence Linking Antioxidant Vitamins to Pulmonary Function and 
Airway Obstruction. Schunemann et al. Epidemiol Rev Vol. 23, No. 2, 2001). 
 
1.7.4.6  Lack of reporting negative studies 
 
Publication bias. In general, it is noteworthy that with the exception of very few studies*, 
there was a remarkable absence of studies with negative findings *(Grievink L, Smit 
HA, Ocke MC, et al. Dietary intake of antioxidant (pro)-vitamins, respiratory symptoms 
and pulmonary function: the Morgen Study. Thorax 1998;53:166-71) (Bodner C, Godden 
D, Brown K, et al. Antioxidant intake and adult-onset wheeze: a case-control study. Eur 
Respir J 1999; 13:22-30) (Troisi RJ, Willett WC, Weiss ST, et al. A prospective study of 
diet and adult-onset asthma. Am J Respir Crit Care Med 1995;151:1401-8).  
 
While this observation could indicate that there is no harmful effect of antioxidant 
vitamins or of a diet rich in fruit and vegetables on airway obstruction or pulmonary 
function, publication bias is a concern because negative findings could remain 
unpublished (Egger M, Smith GD. Bias in location and selection of studies. BMJ 
1996;316:61-6).  
 
For the evaluation of a benefit from antioxidant vitamins, these negative studies would 
add important information. After reports of a positive association between beta-carotene 
supplementation and lung cancer incidence (The effect of vitamin E and beta carotene on 
the incidence of lung cancer and other cancers in male smokers. The Alpha-Tocopherol, 
Beta Carotene Cancer Prevention Study Group. N Engl J Med 1994;330:1029-35) 
(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;334:1150-5), it is likely that there will be more interest in such findings. 
 
1.7.4.7  Vitamin C and E supplements may have adverse effects 
 
Based on the available evidence, a recommendation to the general population to consume 
a diet high in vegetables and fruits containing vitamin C is appropriate, particularly 
because of the lack of significant side effects and other known positive effects of these 
foods (e.g., see recommendations by the American Heart Association, the National 
Cancer Institute, and the American Cancer Society). The evidence is insufficient to 
recommend use of any supplemental vitamins for prevention and treatment of respiratory 
impairment. In fact, supplementation with high doses of beta-carotene in smokers is 
dangerous, because of the associated risk of lung cancer, even if there is a slight chance 
of reducing symptoms of COPD or impairment of FEV,. Routine use of supplemental 
vitamins C and E may also have adverse effects (Levine M, Rumsey SC, Daruwala R, 
et al. Criteria and recommendations for vitamin C intake. JAMA 1999;281: 1415-23) 
(Meyers DG, Maloley PA, Weeks D. Safety of antioxidant vitamins. Arch Intern Med 
1996;156:925-35). 
 
Karen M. Wilson, M.D., M.P.H., and colleagues from the University of Rochester 
conducted the first national survey of complimentary and alternative medicine (CAM) 
use among adolescents in the United States. They analyzed responses from 1,280 
adolescents aged 14 to 19.  The authors urged that health care providers be aware of 
CAM and dietary supplement use by their adolescent patients, because of the lack of 
standardization in supplements, as well as their potential for safety risks and 
interactions with prescription medications. Journal of Adolescent Health, April 2006. 
Among all participants, almost 30 percent had used one or more dietary supplements, and 
almost 10 percent had used supplements along with prescription medications in the 
preceding month. 
 
1.7.4.8  Medication-induced mitochondrial damage and disease 
 
Since the first mitochondrial dysfunction was described in the 1960s, the medicine has 
advanced in its understanding the role mitochondria play in health and disease. Damage 
to mitochondria is now understood to play a role in the pathogenesis of a wide range 
of seemingly unrelated disorders such as schizophrenia, bipolar disease, dementia, 
Alzheimer's disease, epilepsy, migraine headaches, strokes, neuropathic pain, 
Parkinson's disease, ataxia, transient ischemic attack, cardiomyopathy, coronary 
artery disease, chronic fatigue syndrome, fibromyalgia, retinitis pigmentosa, 
diabetes, hepatitis C, and primary biliary cirrhosis.  
 
Medications have now emerged as a major cause of mitochondrial damage, which 
may explain many adverse effects.  
 
All classes of psychotropic drugs have been documented to damage 
mitochondria, as have stain medications, analgesics such as 



acetaminophen, and many others. While targeted nutrient therapies using 
antioxidants or their precursors (e. g., N-acetylcysteine) hold promise for improving 
mitochondrial function, there are large gaps in our knowledge. The most rational 
approach is to understand the mechanisms underlying mitochondrial damage for specific 
medications and attempt to counteract their deleterious effects with nutritional therapies. 
This article reviews our basic understanding of how mitochondria function and how 
medications damage mitochondria to create their occasionally fatal adverse effects   
(Medication-induced mitochondrial damage and disease.  Neustadt J, Pieczenik SR.   Mol 
Nutr Food Res. 2008 Jul;52(7):780-8). 
 
1.7.4.9 Paracetamol use may raise asthma risk in children 

Infants who have been given the common pain reliever paracetamol may have a 
higher risk of developing asthma and eczema by the time they are 6 or 7, a large 
study covering children in 31 countries has found. 

The findings were published in the journal Lancet (9-19-08) together with two other 
studies, which found that runny noses and wheezing early on in life may be strong 
predictors of asthma. 

In the first study, researchers pored through data provided by parents of more than 
compared to those never 205,000 children and found paracetamol use in the first year 
of life was associated with a 46 percent higher risk of asthma by the time the 
children were 6 or 7 exposed to the drug. 

Known as acetaminophen in the United States, where it is widely sold under the 
brand Tylenol, it is used to relieve fever, minor aches and pain, and is used in a 
liquid suspension for children. 

Medium use of paracetamol in the past 12 months increased asthma risk by 61 
percent, while high dosages of once a month or more in the past year raised the risk 
by over three times.  Medium use was defined as once per year or more, but less than 
once a month. 

Suspicions of a possible link between paracetamol and asthma emerged in recent years 
when experts observed an increased use of the drug to a simultaneous rise in asthma 
prevalence worldwide. 

One theory is that paracetamol reduces antioxidants in the body. Some 
experts think antioxidants, which stop unstable molecules known as free 
radicals from doing too much damage, can lower the risk of cancer, 
heart disease and other ailments. 

"Paracetamol can reduce antioxidant levels and ... that can give oxidative stress in the 
lungs and cause asthma," one of the researchers, Richard Beasley at the Medical 
Research Institute of New Zealand, told Reuters in a telephone interview. 
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"The findings do lend support to the current guidelines of the World Health 
Organization, which recommend that paracetamol should not be used routinely, but 
should be reserved for children with a high fever (38.5 Celsius or above)," they 
wrote. 

Another study in The Lancet found that rhinitis, or hay fever and other allergic reactions 
causing a runny nose, was a strong predictor of asthma that develops in adulthood. 

I believe that this is one of the few studies or articles which points out the 
prooxidant action of Tylenol. 
 
1.7.4.10 Targeting mitochondria 
 
Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are allegedly linked 
to degenerative diseases such as Alzheimer's disease, Parkinson's, neuronal death 
including ischemic and hemorrhagic stroke, acute and chronic degenerative cardiac 
myocyte death, and cancer. As a byproduct of oxidative phosphorylation, a steady 
stream of reactive species emerge from our cellular energy plants, the 
mitochondria. ROS and RNS potentially cause damage to all cellular components. I 
believe that they also potentially protect all cellular components.   
 

Structure alteration, biomolecule fragmentation, and oxidation of side chains are trade-
offs of cellular energy production. ROS and RNS escape results in the activation of 
cytosolic stress pathways, DNA damage, and the upregulation of JNK, p38, and p53. 
Incomplete scavenging of ROS and RNS particularly affects the mitochondrial lipid 
cardiolipin (CL), triggers the release of mitochondrial cytochrome c, and activates 
the intrinsic death pathway.   

Actually, I believe that this has been shown to be essential in keeping cancerous 
growths under control.  Several important anticancer agents both bind to DNA and 
generate reactive oxygen species. These include adriamycin and other anthracyclines, 
bleomycin, and cisplatin. These agents may show specific toxicity towards cancer cells 
because of the low level of antioxidant defenses found in tumors.  

Due to the active redox environment and the excess of NADH and ATP at the inner 
mitochondrial membrane, a broad range of agents including electron acceptors, electron 
donors, and hydride acceptors can be used to influence the biochemical pathways. The 
key to therapeutic value is to enrich selective redox modulators at the target sites. Hoye et 
al. approach is based on conjugating nitroxides to segments of natural products with 
relatively high affinity for mitochondrial membranes. For example, a modified 
gramicidin S segment was successfully used for this purpose and proven to be effective in 
preventing superoxide production in cells and CL oxidation in mitochondria and in 
protecting cells against a range of pro-apoptotic triggers such as actinomycin D, 
radiation, and staurosporine. More importantly, these mitochondria-targeted 
nitroxide/gramicidin conjugates were able to protect against apoptosis in vivo by 
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preventing CL oxidation induced by intestinal hemorrhagic shock. Optimization of 
nitroxide carriers could lead to a new generation of effective antiapoptotic agents acting 
at an early mitochondrial stage. Alternative chemistry-based approaches to targeting 
mitochondria include the use of proteins and peptides, as well as the attachment of 
payloads to lipophilic cationic compounds, sulfonylureas, anthracyclines, and other 
agents with proven or hypothetical affinities for mitochondria. Manganese superoxide 
dismutase (MnSOD), SS tetrapeptides with 2',6'-dimethyltyrosine (Dmt) residues, 
rhodamine, triphenylphosphonium salts, nonopioid analgesics, adriamycin, and diverse 
electron-rich aromatics and stilbenes were used to influence mitochondrial biochemistry 
and the biology of aging. Some general structural principles for effective therapeutic 
agents are now emerging.  Yet, I do not know of a single effective antioxidant regimen 
which is capable of preventing or reversing any major disease. 
 
Among these are the presence of basic or positively charged functional groups, 
hydrophobic substructures, and, most promising for future selective strategies, classes of 
compounds that are actively shuttled into mitochondria, bind to mitochondria-specific 
proteins, or show preferential affinity to mitochondria-specific lipids (Targeting 
mitochondria.  Hoye AT, Davoren JE, Wipf P, Fink MP, Kagan VE. Acc Chem Res. 
2008 Jan;41(1):87-97) .  
 
1.7.5.0  Prehistoric oxygen levels 
 
Up to now, it has been generally accepted that the earth's atmosphere was devoid of 
oxygen for some 80 percent of its existence. 

According to LiveScience.com, roughly 300 million years ago, giant insects scuttled 
around and fluttered over the planet, with dragonflies bearing wingspans comparable to 
hawks at two-and-a-half feet. Back then, oxygen made up 35 percent of the air, compared 
to the 21 percent we breathe now.  Such was the effect of oxygen. 

Oxygen is the most important component consumed by our bodies from the atmosphere 
for all vertebrate animals.  Robert A. Berner, the Alan M. Bateman Professor of Geology 
and Geophysics at Yale, characterized the range of atmospheric oxygen levels over 
multimillion year times scales, and established an upper value of about 31 percent 
oxygen, and a sharp decline near the Permo-Triassic boundary to about 12 percent. 
Earth's current atmosphere is about 21 percent oxygen. 
 

The biggest mass extinction in Earth history some 251 million years ago was preceded by 
elevated extinction rates before the main event and was followed by a delayed recovery 
that lasted for millions of years. New research by two University of Washington scientists 
suggests that a sharp decline in atmospheric oxygen levels was likely a major reason 
for both the elevated extinction rates and the very slow recovery.  

Earth's land at the time was still massed in a supercontinent called Pangea, and most of 
the land above sea level became uninhabitable because low oxygen made breathing too 
difficult for most organisms to survive, said Raymond Huey, a UW biology professor.  
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Atmospheric oxygen content, about 21 percent today, was a very rich 30 percent in the 
early Permian period. However, previous carbon-cycle modeling by Robert Berner at 
Yale University has calculated that atmospheric oxygen began plummeting soon after, 
reaching about 16 percent at the end of the Permian and bottoming out at less than 12 
percent about 10 million years into the Triassic period. "Oxygen dropped from its 
highest level to its lowest level ever in only 20 million years, which is quite rapid, and 
animals that once were able to cross mountain passes quite easily suddenly had their 
movements severely restricted," Huey said.  

He calculated that when the oxygen level hit 16 percent, breathing at sea level would 
have been like trying to breathe at the summit of a 9,200-foot mountain today. By the 
early Triassic period, sea-level oxygen content of less than 12 percent would have 
been the same as it is today in the thin air at 17,400 feet, higher than any permanent 
human habitation. That means even animals at sea level would have been oxygen 
challenged.  

"If this is true, then I think we have to go back and look at oxygen and its role in 
evolution and how different species developed," Ward said. "You can go without food for 
a couple of weeks. You can go without water for a few days. How long can you go 
without oxygen, a couple of minutes? There's nothing with a greater evolutionary 
effect than oxygen." 
 
Before dinosaurs and birds came on the scene, dragonflies were king, with wingspans of 
about two and a half feet. That was 300 million years ago, during the late Paleozoic 
period. Scientists have been trying to figure out why the giant insects that roamed the 
planet so long ago are all gone. New research suggests that the answer lies in the air, and 
if we could somehow tweak the atmosphere and pump up the oxygen, those big babies 
could be back. 
 
The late Paleozoic was a time of huge trees, and giant ferns, many of which 
became buried in the soil, forming future hydrocarbon deposits. Through 
photosynthesis, the lush flora changed the chemical composition of the air, boosting 
the level of oxygen to 35 percent compared to 21 percent now. 

Scientists have speculated for a while that more oxygen led to larger insects. If oxygen is 
the key, does it determine the size of insects over succeeding generations?  

To find out, the researchers studied about 10 generations of fruit flies, varying the level 
of oxygen over multiple generations.  

"They get smaller in low oxygen and bigger in high oxygen," adds Harrison, noting 
that while that may not be a smoking gun, at least it's a "smoking fly." 

The first, high resolution continuous record of oxygen concentration in the earth's 
atmosphere shows that a sharp rise in oxygen about 50 million years ago gave mammals 
the evolutionary boost they needed to dominate the planet, according to Paul Falkowski, 



Rutgers professor of marine science and lead author of a paper published Sept. 30, 2005 
in the journal Science.  Because photosynthesis produces oxygen and leaves carbon 13 
behind, the presence of carbon 13 in the fossil samples allows scientists to estimate 
precisely how much oxygen was in the atmosphere at any given time.  "The more 
oxygen, the bigger the mammals. We argue that the rise in oxygen content allowed 
mammals to become very, very large - mammals like 12-foot-tall sloths and huge saber-
toothed cats. They paved the way for all subsequent large mammals, including 
ourselves." 
 
There were placental mammals on Earth at the time of the great extinction of dinosaurs 
about 65 million years ago, Falkowski says. They were, however, tiny, limited creatures; 
the extinction event itself, while eliminating the dinosaurs, did little to further the 
mammalian domination of the planet. It was the subsequent spreading of shallow seas, 
the increase in plant life - and photosynthesis - in addition to the consequent 
increase in oxygen content that gave the mammals the boost they needed, according 
to Falkowski. 
 
1.7.5.0  New study challenges timeline of oxygen (the "Great Oxidation Event") 

Oxygen, key to life on Earth today, began to appear on the planet millions of years 
earlier than scientists had thought, new research indicates.  An analysis of a deep rock 
core from Australia indicates the presence of at least some oxygen 50 million to 100 
million years before the great change when the life-giving element began rising to today's 
levels, according to two papers appearing in the journal Science. 

Previously, the earliest indications of oxygen had been from between 2.3 billion and 
2.4 billion years ago when the "Great Oxidation Event" occurred. 

The cause of the event is still not known, but before that the atmosphere was dominated 
by methane and ammonia. Today oxygen makes up about 21 percent of the atmosphere. 

The discovery of traces of early oxygen was made in a study of a 3,000-foot-long rock 
core extracted in western Australia. 

"We seem to have captured a piece of time before the Great Oxidation Event during 
which the amount of oxygen was actually changing — caught in the act, as it were," Ariel 
Anbar, an associate professor in Arizona State University's school of earth and space 
exploration, said in a statement. 

The two research teams were led by Alan Jay Kaufman, associate professor of 
geochemistry at the University of Maryland and Anbar. 

Carl Pilcher of the NASA Astrobiology Institute said: "Studying the dynamics that gave 
rise to the presence of oxygen in Earth's atmosphere deepens our appreciation of the 
complex interaction between biology and geochemistry. Their results support the idea 
that our planet and the life on it evolved together." 



I love the idea of a “great oxidation event” as being so critical to the development of 
life on this planet.  I believe that oxidative events are still critical in the stabilization 
of life on this planet. 
 
 

 
Aerobic organisms pose as biochemical Petri dishes 

for the study of oxygen metabolism.   
We must swirl the dish contents 

and try to read the “radical” tea leaves for the future,  
….all, 

for the betterment of mankind. 
R. M. Howes, M.D., Ph.D. 

6/10/07 
 
 
 
 
 
 
1.7.5.2   Mitochondria and aerobic life 
 
It seems that a few billion years ago, our cells took in a tenant, who had to produce 
energy and water as its pay back.  It so efficiently was able to convert glucose and 
oxygen into ATP for energy that a symbiotic relationship was quickly established.   
 
The whole idea behind respiration in the mitochondria is to use the Kreb’s cycle (also 
called the citric acid cycle) to get as many electrons out of the food we eat as possible.  
These electrons (in the form of hydrogen ions) are then used to drive pumps that produce 
ATP.   The energy carried by ATP is then used for all kinds of cellular functions like 
movement, transport, entry and exit of products, division, etc. Without electron and 
proton flow life would cease. Free radicals serve to aid in creation of the flow of 
electrons. 
 
When you take hydrogen ions or electrons away from a molecule, you “oxidize” that 
molecule.  When you give hydrogen ions or electrons to a molecule, you “reduce” 
that molecule.   When you give phosphate molecules to a molecule, you “phosphorylate” 
that molecule.   So, oxidative phosphorylation (very simply) means the process that 
couples the removal of hydrogen ions (H+) from one molecule and giving phosphate 
molecules to another molecule. 
 
As the Kreb’s cycle runs, hydrogen ions (or electrons) are donated to the two carrier 
molecules in 4 of the steps.  They are picked up by either NAD or FAD and these carrier 
molecules become NADH and FADH (because they now are carrying a hydrogen ion).  



These electrons are carried chemically  to the respiratory or electron transport chain 
found in the mitochondrial cristae. The NADH and FADH essentially serve as a ferry in 
the lateral plane of the membrane diffusing from one complex to the next. At each site is 
a hydrogen (or proton) pump which transfers hydrogen from one side of the membrane to 
the other.  This creates a gradient across the inner membrane with a higher concentration 
of hydrogen ions in the intercristae space (this is the space between the inner and outer 
membranes).  

The third and final pump in the series catalyzes the transfer of the electrons to oxygen to 
make water. This chemiosmotic pumping creates an electrochemical proton gradient 
across the membrane which is used to drive the "energy producing machine"...the ATP 
synthase. This molecule is found in small elementary particles that project from the 
cristae. 
 
This process requires oxygen which is why it is called "aerobic metabolism". The ATP 
synthase uses the energy of the  hydrogen ion (also called proton) gradient to form ATP 
from ADP and Phosphate. It also produces water from the hydrogen and the oxygen. 
Thus, each compartment in the mitochondrion is specialized for one phase of these 
reactions. 

In summary, NAD and FAD remove the electrons that are donated during some of 
the steps of the Kreb's or Citric acid cycle.  Then, they carry the electrons to the 
electron transport pumps and donate them to the pumps.  So, NAD and FAD are 
“oxidized” because they lose the hydrogen ions to the pumps.  The pumps then 
transport the hydrogens ions to the space between the two membranes where they 
accumulate in a high enough concentration to fuel the ATP pumps. With sufficient 
fuel, they “phosphorylate” the ADP.  That is how “oxidation” is coupled to 
“phosphorylation”.  

The hydrogens that get pumped back into the matrix by the ATP pump then combine 
with the oxygen to make water.  And that is very important because, without oxygen, 
they will accumulate and the concentration gradient needed to run the ATP pumps 
will not allow the pumps to work.  

Mitochondria replicate much like bacterial cells. When they get too large, they 
undergo fission. This involves a furrowing of the inner and then the outer membrane as if 
someone was pinching the mitochondrion. Then the two daughter mitochondria split. Of 
course, the mitochondria must first replicate their DNA. 
 
Mitochondria have some of their own DNA, ribosomes, and can make many of their own 
proteins. The DNA is circular and lies in the matrix in punctate structures called 
"nucleoids".  Each nucleoid may contain 4-5 copies of the mitochondrial DNA (mrDNA).  

Human mitochondrial DNA is 16,569 bp; encodes a number of mitochondrial proteins  

• Subunits 1, 2, and 3 of cytochrome oxidase  

http://www.cytochemistry.net/Cell-biology/mitoch1.htm


• Subunits 6, 8,9 of the Fo ATPase  
• Apocytochrome b subunit of CoQH2-Cytochrome C reductase  
• Seven NADH-CoQ reductase subunits  

Mitochondria also have their own ribosomes and tRNA:  

• 22 tRNAs  
• rRNAs 

16S 
12S 
5S (Magalhaes, PJ; Andreu, AL, Schon EA, Evidence for the presence of 5 S 
rRNA in mammalian mitochondria Mol Biol Cell 9: 2375-2382)  

In mammals, 99.99% of mitochondrial DNA (mtDNA) is inherited from the 
mother.  This is because the sperm carries its mitochondria around a portion of its 
tail and has only about 100 mitochondria compared to 100,000 in the oocyte. As the 
cells develop, more and more of the mtDNA from males is diluted out.  Hence less 
than one part in 104 or 0.01% of the mtDNA is paternal.  
 
You can now appreciate the importance of the cristae....not only do they contain and 
organize the electron transport chain and the ATP pumps, they also serve to separate the 
matrix from the space that will contain the hydrogen ions, allowing the gradient needed 
to drive the pump.  
 
Peroxisomes are organelles that contain oxidative enzymes, such as D-amino acid 
oxidase, ureate oxidase, and catalase. They may resemble a lysosome, however, they are 
not formed in the Golgi complex. Peroxisomes are distinguished by a crystalline structure 
inside a sac which also contains amorphous gray material. They are self replicating, like 
the mitochondria. Peroxisomes function to rid the body of toxic substances like 
hydrogen peroxide, or other metabolites. They are a major site of oxygen utilization and 
are numerous in the liver where toxic byproducts are going to accumulate. 
 
Mitochondrial numbers are controlled by autophagy. This is a process by which 
lysosomes are involved in controlling cell constituents. 
 
It does not matter what the mastermind cellular DNA has to say about it, mitochondrial 
death is hard to reverse. When its mitochondria die, the cell dies with them and this 
makes it a target for chemotherapy.  Mitochondria are normally very efficient at 
converting glucose and oxygen into ATP the cell can use with the major by-product being 
water. This is very efficient usage of oxygen, and here is where I part from my peers as to 
the inherent wisdom of the cell. Others argue that one of the waste products mitochondria 
produce is extremely reactive oxygen species such as superoxide anions and peroxides.  
ROS ("Reactive Oxygen Species") are believed to be toxic because they can allegedly 
attack just about anything in vitro. These authors ignore the essential role played by ROS 
in normal cellular metabolism. They believe that as the mitochondria get old and worn 
out, their efficiency decreases, possibly because of damage by their own ROS, and they 

http://www.cytochemistry.net/Cell-biology/lysosome.htm
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get into a vicious cycle of making more and more ROS. Actually, I believe that the 
increase in EMOD production with age is a logical and normal response to the need 
for prooxidant protection from disease manifestation. 
 
Cellular DNA is well protected, but not so for mitochondrial DNA. So it is possible for 
some cancer cells to survive chemotherapy, but at the expense of damage to their 
mitochondrial DNA. Researchers at M. D. Anderson have connected the dots and shown 
that chronic lymphocytic leukemia (CLL) patients who have undergone chemotherapy 
are almost sure to have damaged mitochondria, and therefore their mitochondria are 
producing more of the toxic ROS. 
 
Mitochondrial DNA (mtDNA) codes for 13 respiratory chain subunits and is more 
vulnerable to damage than nuclear DNA due, in part, to a lack of histone protection and a 
weak repair capacity. While mtDNA alterations have been observed in human cancer, 
their roles in oncogenesis and chemosensitivity remain unclear. mtDNA mutations 
appeared to be associated with increased EMOD generation. Analysis of paired blood 
samples from the same patient led to the identification of a heteroplasmic mutation in the 
cytochrome c oxidase II gene several months after chemotherapy. The mutation was 
associated with increased ROS generation. Chemotherapy with DNA-damaging agents 
may cause mtDNA mutations in primary leukemia cells, and are associated with 
increased EMOD generation.  (Mitochondrial DNA mutations in primary leukemia cells 
after chemotherapy: clinical significance and therapeutic implications. J.S. Carew et al. 
Leukemia. 2003 Aug;17(8):1437-47). 
 
It appears that cancer cells are more sensitive to EMODs than are normal cells and this 
selective sensitity can be exploited by a drug called adaphostin, which makes CLL cells 
generate more EMODs. 
 
1.7.5.3  Expanded role of mitochondria in cell division 
 
A new study published 24 Apr 2008 in the open-access journal PLoS Genetics reports 
that mitochondria in yeast cells are very influential in the process of cell division. 
 
Biochemist Heidi M. Blank and colleagues from Texas AgriLife Research indicate that 
mitochondria are the fuel of the cell and act as a type of "driver" in cell division. The 
authors maintain that this knowledge of mitochondria's role may help find cures for 
several human diseases. Not only do mitochondria generate about 90% of the 
cell's energy, but they may also tell the cell how fast to divide, according to 
the researchers. 
 
"The finding changes the traditional view of the mitochondrion from an 'energy depot' at 
the service of its larger cellular host to a 'command center' that directs cell division," said 
Michael Polymenis, co-author of the study.  The biochemists used regular baker's years - 
the same type responsible for breads, wines, and beers - because of its similarity to 
human cells in terms of its processes. Co-author Mary Bryk notes that, "From unicellular 
yeast to complex mammals, the process is the same. The job of a cell is to divide and 



grow. Metabolism takes in 'food' and turns it into fuel and building blocks for DNA 
replication and gene expression." 
 
Diseases are potential results if these cellular processes fail. Typical cancer cells tend 
to have too much cell division too rapidly. On the other hand, mitochondrial 
deficiencies that result in poor metabolism can encourage damage to the brain, 
heart, skeletal muscles, and liver. 
 
Polymenis indicated that, "All of the body processes that require a lot of energy are 
impacted by this. In fact, at least 1 in every 4,000 people worldwide suffer 
from mitochondrial deficiencies that result in problems with normal development, 
motor control, vision, hearing, or liver and kidney function." However, quick cell 
division may be advantageous if trying to accelerate a healing wound or in some 
agricultural applications. 
 
This current research demonstrated that the yeast cell's mitochondria decided to give the 
signal, the message was received by the cell's nucleus, and cell division began.  "So now 
we need to connect that link," concluded Polymenis. "We need to understand how and 
when the mitochondria send the message. If we know how the message is sent, we might 
be able to control it." 
 
(An Increase in Mitochondrial DNA Promotes Nuclear DNA Replication in Yeast 
Blank HM, Li C, Mueller JE, Bogomolnaya LM, Bryk M, et al. PLoS Genetics (2008). 
4(4):e1000047. doi:10.1371/journal.pgen.1000047).  I believe that EMODs represent a 
major control factor for mitochondrial metabolism and cellular division. 
 
1.7.5.4  Junk DNA may not be junk 

When the human genome was published in 2003, some scientists voiced surprise that 
human beings had only about 30,000 genes. Rice, for instance, has 50,000. The genes 
are important, but so is the other DNA, the biological code for every living thing. 

Even DNA outside the genes transcribes information. Transcription is the process that 
turns DNA into something useful -- such as a protein. Much of this action is going on 
outside the genes in the so-called regulatory regions that affect how and when a gene 
activates. The researchers discovered 4,491 of these so-called transcription start sites, 
"almost tenfold more than the number of established genes."  Ewan Birney of the 
European Molecular Biology Laboratory's European Bioinformatics Institute in 
Cambridge said this helped explain how such a complex creature as a human arose from 
just four letters of code repeated over and over. 

"The junk is not junk. It is really active," Birney told reporters. This could be useful in 
understanding and treating disease. 

 
 



1.7.5.5  Need Oxygen? Cells Know How To modulate COX proteins to oxygen levels 
 
Researchers at Johns Hopkins have discovered how cells fine-tune their oxygen use to 
make do with whatever amount is available at the moment. (Medical News Today, 
4/11/07 Authors on the paper appearing in the Cell article are Ryo Fukuda, Huafeng 
Zhang, Jung-whan Kim, Larissa Shimoda, Chi V. Dang, and Semenza, all of Johns 
Hopkins). 
 
Too little oxygen threatens life by compromising mitochondria that 
power it, so when oxygen is scarce, cells appear to adjust by replacing one protein with 
an energy-efficient substitute that "is specialized to keep the motor running smoothly 
even as it begins to run out of gas," says Gregg Semenza, M.D., Ph.D., a professor of 
pediatrics and director of the vascular biology program in the Institute for Cell 
Engineering at Hopkins. "This is one way that cells maintain energy production under 
less than ideal conditions." A report on the work is in the April 6, 2007 issue of Cell.  
 
"Cells require a constant supply of oxygen," Semenza says, "so it's vital for them to 
quickly react to slight changes in oxygen levels." The protein-swap is how they do it.  
 
In the mitochondria, the tiny powerhouses found in every cell, energy is produced by 
passing electrons through a series of relay stations called cytochromes until they 
eventually join with oxygen to form water. This final step is directed by the protein 
cytochrome oxidase, or COX for short. If electrons react with oxygen before reaching 
COX, they generate "free radicals" that can allegedly damage or destroy cells. The 
mitochondria are designed to produce energy without excess free radical production at 
normal oxygen levels.  
 
Semenza's team noticed that one particular component of the COX protein complex, 
COX4, comes in two different forms, COX4-1 and COX4-2. Under normal oxygen 
conditions, the cells' mitochondria contain mostly COX4-1. The researchers suspected 
that COX 4-2 might be the active protein under stressful, low-oxygen conditions, which 
the researchers refer to as hypoxia.  
 
To test the idea, the team compared the growth of human cells in normal oxygen 
conditions (what's generally present in normal room air) compared to cells grown in 
hypoxia. In low oxygen, liver, uterus, lung and colon cells all made COX4-2. The 
researchers then exposed mice to hypoxia for a few weeks and found that they too 
showed increased levels of COX4-2.  
 
In 1992, Semenza's team had discovered a protein which they called HIF-1 (for 
hypoxia-inducible factor 1) that cells make in response to hypoxia. HIF-1 turns on 
genes that help cells survive when oxygen is low, such as during a heart attack or stroke. 
The researchers set out to figure out if the sensor protein HIF-1 triggers the COX-
swapping.  
 
By examining the gene control regions of COX4, they found that the HIF-1 sensor 



switched on COX4-2 activity when oxygen is low. And they learned that because COX4-
1 already is in the mitochondria, the swap for COX4-2 occurs when the sensor turns on 
yet another gene that produces an enzyme to specifically chew up COX4-1. Engineering 
human cells to lack this enzyme and subjecting them to low oxygen, the scientists found 
the cells unable to rid themselves of COX4-1.  
 
"It's remarkable that the one-celled yeast also swap COX subunits in response to hypoxia, 
but because they lack HIF-1, they accomplish the swap in a completely different way," 
says Semenza. "This suggests that adapting mitochondria to changes in oxygen levels 
may be a major challenge for most organisms on Earth."  
 
I believe that this emphasizes the extraordinary significance of adequate oxygen 
levels.   
 
1.7.5.6  Signaling apoptosis: a radical approach 
 
Reactive oxygen species (ROS) are frequently associated with cytotoxicity, often being 
described as damaging, harmful or toxic. It is generally assumed that, under pathological 
circumstances, ROS elicit wide-spread and random acts of oxidation. This passive attack 
of cellular components by ROS, in conditions where oxidative stress is the initiating 
stimulus for apoptosis, is assumed to simply trigger cell death as a result of cumulative 
oxidative damage. However, accumulating evidence now suggests that ROS may act 
as signaling molecules for the initiation and execution of the apoptotic death 
program in many, if not all, current models of apoptotic cell death. Signaling by ROS 
would not appear to be random, as previously assumed, but targeted at specific metabolic 
and signal transduction cellular components. There is also evidence that the enzymatic 
generation of ROS may not simply be an unwanted by-product of the primary 
reaction catalysed, but that ROS may be used as signaling molecules to regulate 
cellular processes including apoptosis. This view of ROS as signaling molecules (as 
opposed to toxic metabolites) has been further bolstered by the findings that cellular 
antioxidants such as glutathione and thioredoxin not only serve to regulate ROS levels 
but also act as reversible redox modifiers of enzyme function. (RJ Carmody, TG Cotter, 
Signaling apoptosis: a radical approach. Redox Rep (2001) 6: 77-90). 
 
1.7.5.7  Stroke brain cell damage may not be due to EMODs 
 
Researchers have identified a key player in the killing of brain cells after a stroke or a 
seizure. The protein asparagine endopeptidase (AEP) unleashes enzymes that break 
down brain cells' DNA, scientists at Emory University School of Medicine have found.  
 
The results are published in the March 2008 journal Molecular Cell.  Finding drugs that 
block AEP may help doctors limit permanent brain damage following strokes or seizures, 
says senior author Keqiang Ye, PhD, associate professor of pathology and laboratory 
medicine at Emory.  
 
When a stroke obstructs blood flow to part of the brain, the lack of oxygen causes a 
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buildup of lactic acid, the same chemical that appears in the muscles during intense 
exercise. In addition, a flood of chemicals that brain cells usually use to communicate 
with each other over-excites the cells. Epileptic seizures can have similar effects.  While 
some brain cells die directly because of lack of oxygen, others undergo programmed 
cell death, a normal developmental process where cells actively destroy their own DNA.  
 
"The mystery was: how do the acidic conditions trigger DNA damage?" Ye says. "This 
was a very surprising result because previously we had no idea that AEP was involved in 
this process."  AEP is a protease, a class of enzymes that cuts other proteins. AEP is also 
called legumain because of its relatives in plants, and is found at its highest levels in the 
kidney, says Ye.  
 
He and his co-workers had suspected that another class of proteases called caspases, 
involved in programmed cell death, controlled DNA damage after a stroke.  At first, he 
and postdoctoral fellow Zhixue Liu, PhD, thought the results of a critical experiment that 
led them to AEP were an aberration because the experiment was performed under overly 
acidic conditions.  "But if you can repeat the mistake, it's not a mistake," Dr. Ye says, 
adding that follow-up work allowed them to set aside caspases as suspects and focus on 
AEP.  
 
The researchers began by looking for proteins that stick to another protein called PIKE-L, 
which they previously had studied because of its ability to interfere with programmed cell 
death in brain cells.  They discovered that PIKE-L sticks to SET, a protein that other 
scientists had found regulates DNA-eating enzymes involved in programmed cell death. 
In addition, PIKE-L appears to protect SET from attack by AEP.  
 
Liu and Ye found that a drug scientists use to mimic the acidic overload induced by 
stroke activates AEP, driving it to break down DNA in brain cells. In mice genetically 
engineered to lack AEP, both the drug and an artificial stroke resulted in reduced DNA 
damage and less brain cell death than in regular mice.  This outcome suggests "that AEP 
might be the major proteinase mediating this devastating process," the authors wrote.  
I believe that this may disswade the believe that EMODs are causally responsible for 
reperfusion and stroke cellular deaths. 
 
1.7.6.0 EMODs and apoptosis 
 

 

Mitochondrial transmembrane potential (∆Ψm) loss can be brought about 
by reactive oxygen species (ROS) added directly in vitro or generated by agents that 
affect cellular metabolism and induce apoptosis (Li, X., Du, L. and Darzynkiewicz, Z. 
(2000) Exp. Cell Res. 257, 290297) (Dvorakova, K., Waltmire, C. N., Payne, C. M., 
Tome, M. E., Briehl, M. 
M., and Dorr, R. T. (2001) Blood 11, 3544 3551) (Satoh, T., Enokido, Y., Aoshima, H., 
Uchiyama, Y., and Hatanaka, H. J. (1997) J. Neurosci. Res. 50, 413420). 

A model ROS, H2O2 itself or in combination with Na+ or rotenone can cause a loss 
of ∆Ψm in several cell types (Ehlers, R. A., Hernandez, A., Bloemendal, L. S., Ethridge, 



R. T., Farrow, B., and Evers, B. M. (1999) Surgery 2, 148155) (Chinopoulos, C., Tretter, 
L., Rozsa, A., and AdamVizi, V. (2000) J.Neurosci. 20, 20942103) (Chinopoulos, C., and 
AdamVizi, V. (1999) Ann. N. Y. Acad. Sci. 893,269272). 
 
Different ROS generating agents are Imexon (Dvorakova, K., Waltmire, C. N., Payne, 
C. M., Tome, M. E., Briehl, M. M., and Dorr, R. T. (2001) Blood 11, 3544 3551) and 
perfluorooctanoic acid (Panaretakis, T., Shabalina, I. G., Grander, D., Shoshan, M. C., 
and DePierre, J. W. (2001) Toxicol. Appl. Pharmacol. 173, 5664).  I believe that it may 
be possible to use these EMOD producing agents in therapy. 
 
Apoptosis is an active form of cell death that plays a critical role in physiological and 
pathological conditions of multicellular organisms. These conditions include 
development, organogenesis, and elimination of infected, mutated, or damaged cells. 
Sipunculan cells may respond to changes in environmental exposure to oxidative stress by 
induction of apoptotic cell death. In coelomocytes of the sipunculan worm Themiste 
petricola, we evaluated morphological and biochemical changes that were induced by 
hydrogen peroxide (H2O2) and that could be compatible with an apoptotic-like phenotype. 
At an exposure of 100 mM H2O2, coelomocytes exhibited several morphological 
hallmarks of apoptosis such as chromatin condensation, nuclear segmentation, cell 
volume decrease, membrane blebbing, and formation of apoptotic bodies. Biochemical 
evidences of apoptotic-like cell death included exposure of phosphatidylserine (PS) in the 
outer leaflet of the plasma membrane and oligonucleosomal DNA fragmentation. In 
addition, exposure of coelomocytes to H2O2 induced a rapid massive loss of 
mitochondrial membrane potential and of the acidic pH of lysosomes. Overall, our results 

showed that, in sipunculan coelomocytes, H2O2 can induce changes compatible with 
an apoptotic-like phenotype. The finding of an oxidative-stress-induced apoptotic-like 
phenotype in a sipunculan worm may indicate that this kind of cell death process 
participates in regulation of cell number during physiological and pathological situations, 
including immune responses (Hydrogen Peroxide Induces Apoptotic-Like Cell Death in 
Coelomocytes of Themiste petricola (Sipuncula). G. A. Blanco, J. Bustamante, M. 
Garcia, and S. E. Hajos. Biol. Bull., December 1, 2005; 209(3): 168 - 183). 
 
1.7.6.1  AIDS, apoptosis and EMODS 

1/31/08  The AIDS virus has hideouts deep in the immune system that today's drugs can't 
reach. Now scientists finally have discovered how HIV builds one of those fortresses — 
and they're exploring whether an EMOD-generating drug already used to fight a 
parasite in developing countries just might hold a key to break in.  Today's drugs have 
turned HIV from a quick death sentence into, for many, a chronic infection. Yet those 
drugs don't eliminate HIV because they can't reach the two known pools of cells (T cells 
and macrophages) where the virus can lie dormant, ever ready to resurface. 

So-called memory T cells form one such pool. As the name implies, these are the cells 
that ensure if you get, say, measles as a child, you're forever immune. They live for years, 
even decades, making them a logical HIV hideout, and one that scientists have repeatedly 
sought to dismantle to no avail. 



Macrophages, another type of immune cell, form the second pool. They roam the body 
looking for invaders like bacteria to gobble up. If they get harmed, such as becoming 
infected by a virus, they're supposed to commit suicide. But HIV instead keeps them 
alive long past their normal lifespan.  I believe that this is due to an EMOD 
insufficiency.   

"Up to now, nobody has really thought about how to eliminate the macrophage 
reservoir," said Dr. Kuan-Teh Jeang, an HIV specialist at the National Institutes of 
Health. "The imagination now has turned toward, 'How do we eliminate reservoirs?' ... 
The best way to address our problem is to simply kill those cells." 

The Rochester team found that HIV produces a protein that turns on a particular cell-
survival pathway. After a multistep process, it ultimately activates an enzyme called Akt 
that in turn prevents cell suicide, the researchers reported 1/31/08 online in the journal 
Retrovirology. 

Miltefosine and a cousin named perifosine both rapidly killed the macrophages, thus 
depriving HIV of this hideout. 

Perifosine is currently being studied as a possible cancer drug. But miltefosine is 
known to be safe through its use in leishmaniasis patients. So Kim's goal is to rapidly 
study the already available miltefosine in animals, to see if it truly targets infected 
macrophages well enough to then test in HIV patients.  I could have predicted these 
results.  

"The evidence they show is in fact pretty good," said NIH's Jeang, who says the next step 
should be a test of miltefosine in monkeys infected with SIV, the monkey version of the 
AIDS virus. 
 
1.7.6.2  Antioxidant Peroxiredoxin Prevents Programmed Cell Death in L. donovani 
 
Leishmania promastigote cells transmitted by the insect vector get phagocytosed by 
macrophages and convert into the amastigote form. During development and 
transformation, the parasites are exposed to various concentrations of reactive oxygen 
species, which can induce programmed cell death (PCD). They show that a 

mitochondrial peroxiredoxin (LdmPrx) protects Leishmania donovani 

from PCD. Whereas this peroxiredoxin is restricted to the kinetoplast area in 
promastigotes, it covers the entire mitochondrion in amastigotes, accompanied by 
dramatically increased expression. A similar change in the expression pattern was 
observed during the growth of Leishmania from the early to the late logarithmic phase. 
Recombinant LdmPrx shows typical peroxiredoxin-like enzyme activity. It is able to 
detoxify organic and inorganic peroxides and prevents DNA from hydroxyl radical-
induced damage. Most notably, Leishmania parasites overexpressing this 
peroxiredoxin are protected from hydrogen peroxide-induced PCD. This 
protection is also seen in promastigotes grown to the late logarithmic phase, also 
characterized by high expression of this peroxiredoxin. Apparently, the physiological role 



of this peroxiredoxin is stabilization of the mitochondrial membrane potential and, 
as a consequence, inhibition of PCD through removal of peroxides (Expression of a 
Mitochondrial Peroxiredoxin Prevents Programmed Cell Death in Leishmania donovani. 
Simone Harder, Meike Bente, Kerstin Isermann, and Iris Bruchhaus. Eukaryotic Cell, 
May 2006, p. 861-870, Vol. 5, No. 5).  I believe that this illustrates the dangers of 
antioxidants being used or given to patients with protozoan diseases or cancer. 
 
1.7.6.3  Singlet oxygen triggers human T helper cell apoptosis 
 

 

 

 

 

Ultraviolet A (UVA) irradiation is effectively used to treat patients with atopic dermatitis 
and other T cell mediated, inflammatory skin diseases. Successful phototherapy of atopic 
dermatitis was found to result from UVA radiation-induced apoptosis in skin-infiltrating 
T helper cells, leading to T cell depletion from eczematous skin. In vitro, UVA radiation-
induced human T helper cell apoptosis was mediated through the FAS/FAS-ligand 

system, which was activated in irradiated T cells as a consequence of singlet oxygen 
generation. These studies demonstrate that singlet oxygen is a potent trigger for 
the induction of human T cell apoptosis and singlet oxygen generation has been 
identified as a fundamental mechanism of action operative in phototherapy (Akimichi 
Morita et al. Evidence that Singlet Oxygen-induced Human T Helper Cell Apoptosis Is 
the Basic Mechanism of Ultraviolet-A Radiation Phototherapy. J. Exp. Med., Volume 
186, Number 10, November 17, 1997 1763-1768). 

These studies demonstrate that singlet oxygen, by virtue of its capacity to activate the 
FAS/FASL system, serves an important role in control of human T cell apoptosis. This 
conclusion is supported by previous studies indicating that in human T cells FAS-
mediated apoptosis was related to the generation of reactive oxygen species and 
dependent on the thiol-status of T cells (Chiba, T., S. Takashi, N. Sato, S. Ishii, and K. 
Kikuchi. 1996. Fas-mediated apoptosis is modulated by intracellular glutathione in 
human T-cells. Eur. J. Immunol. 26: 1164-1169).  

Similarly, the thiol-status of human cells was shown to control UVA radiation-
induced, singlet oxygen-mediated gene expression (Krutmann, J., and M. Grewe. 1995. 
Involvement of cytokines, DNA damage, and reactive oxygen intermediates in ultraviolet 
radiation-induced modulation of intercellular adhesion molecule-1 expression. J. Invest. 
Dermatol. 105: 67S-70S) (Morita, A., M. Grewe, S. Grether-Beck, S. Olaizola-Horn, and 
J. Krutmann. 1997. Induction of proinflammatory cytokines in human epidermoid 
carcinoma cells by in vitro ultraviolet A1 irradiation. Photochem. Photobiol. 65: 630-
635). 

Singlet oxygen is produced by a variety of biological systems, and is a 
significant biochemical intermediate in several biological processes 
(Kanofsky, J.R.. 1989. Singlet oxygen production by biological systems. Chem. Biol. 
Interact. 70: 1-28).  



The observation that singlet oxygen can induce human T cell apoptosis has added a 
previously unrecognized biological activity of great importance to the list of biological 

effects, which were found to be mediated by singlet oxygen. 
 

 

The human eosinophil, was shown to generate detectable amounts of singlet oxygen 
(Kanofsky, JR. Singlet oxygen production by biological systems. Chem Biol Interact. 
1989;70(1-2):1-28). This result suggests that singlet oxygen may be shown to be a 
significant biochemical intermediate in biological processes. My work has shown that 
singlet oxygen is involved in about 12 biochemical steps in the living cell. 
 
 
 

Customarily, we do not die all at once. 
We die in pieces, little by little. 

First, the blood vessels of the heart and the brain go. 
Concurrently, the lungs lose functionality and  
oxygen delivery throughout the body declines, 

as we slowly suffocate in the open air. 
Muscle mass dwindles, whilst the high school hunk morphs  

into a walking adipocyte. 
Vision squints, as silence settles in the ears. 

All  the while, the plaques thicken and  
the cancerous crab scoots freely about and breeds. 

Hail, hail, the death gang is all here 
to sing the final verse of life. 

Peace be with you,  
“a little piece at a time.” 

R. M. Howes, M.D., Ph.D. 
1/3/08 

 
 
 
 

1.7.6.4  Redox control of apoptosis: an update  
 
The redox environment of the cell is currently thought to be extremely important to 
control cell growth, differentiation, and apoptosis as many redox-sensitive proteins 
characterize these networks. A recent, widely accepted theory is that free radicals are not 
only dangerous species but, at low concentration, they have been designed by evolution 
to participate in the maintenance of cellular redox (reduction/oxidation) homeostasis. 
This notion derives from the evidence that cells constantly generate free radicals both as 
waste products of aerobic metabolism and in response to a large variety of stimuli. Free 
radicals, once produced, provoked cellular responses (redox regulation) against oxidative 



stress transducing the signals to maintain the cellular redox balance. Growing evidence 
suggests that in many instances the production of radical species is tightly regulated 
and their downstream targets are very specific, indicating that reactive oxygen species 
and reactive nitrogen species actively participate in several cell-signalling pathways as 
physiological "second messengers." (G Filomeni, MR Ciriolo. Redox control of 
apoptosis: an update.  Antioxid Redox Signal (2000) 8: 2187-92). 
 
1.7.6.5  Caspase 8 enzyme blocks cancer by assisting apoptosis 

Scientists in China have identified a gene variant which appears to protect Chinese 
people from various types of cancer. In the 4/22/07 issue of the journal Nature Genetics, 
the experts said they had studied the DNA of nearly 10,000 Chinese people over 6- years 
and had found that the gene variant appeared far more frequently in those who were 
cancer-free. 

"We have identified a variant of the CASP8 gene that appears to be associated with 
lower risk of lung, oesophageal, gastric, colorectal, cervical and breast cancers in 
Chinese people," Dongxin Lin of the Chinese Academy of Medical Sciences in Beijing 
wrote in an e-mail to Reuters. 

It is well known that the gene caspase-8 (CASP8) regulates cell death. Programmed 
cell death, or apoptosis, is important because it prevents cells from dividing and 
spreading uncontrollably, a process that can result in cancer. 

However, scientists know little about the variants of this gene and the roles they play in 
cancer susceptibility. Between January 1997 and July 2003, researchers in various cancer 
institutes in Beijing examined the DNA of  5,000 patients with lung, oesophageal, 
colorectal, cervical, stomach and breast cancer, and 4,972 others who were cancer-
free. 

The gene variant showed up in 25 percent of those who were cancer-free, and in 20 
percent of those who had cancer. 

Explaining how this gene variant might have benefited its carriers, Lin said: "Carriers 
may have lower apoptotic cell death of T lymphocytes (white blood cells) when they 
fight with malignant or premalignant cells." "The immune status is very important in 
cancer development, and genetic variation in the immune system is 
associated with predisposition to cancer," Lin said. The discovery may help 
identify high-risk individuals. "The genetic variant we identified might (serve) as a 
genetic marker in identifying high-risk individuals, which is an important step in targeted 
prevention and early detection of human cancer," Lin said. 

Cancer is a leading cause of death worldwide. It accounted for 7.6 
million, or 13 percent, of a total of 58 million deaths worldwide in 2005, 
according to the World Health Organization. WHO projects that figure 
rising to 9 million in 2015 and 11.4 million in 2030. 

http://www.caspases.org/showcitationlist.php?surname=Filomeni&initials=G
http://www.caspases.org/showcitationlist.php?surname=Ciriolo&initials=MR


1.7.6.6  N-acetylcysteine blocks tumoricidal activity of adaphostin and EMOD 
apoptosis 
 
B-cell chronic lymphocytic leukemia (CLL) is characterized by accumulation of clonal 
lymphocytes resistant to apoptosis. The antioxidant N-acetylcysteine blocked both 
adaphostin-induced ROS generation and apoptosis. Adaphostin induces apoptosis 
selectively in CLL B-cells through a mechanism that involves ROS generation, but also 
demonstrate its ability to augment the effects of fludarabine. This was published in 
Blood, Sept. 2003 and written by T.D. Shanafelt et al.  
 
Enter adaphostin, also originally thought to be an agent that would work primarily by 
inhibiting the substrate of the Bcr/abl kinase. However, this agent is also known to cause 
an elevation of reactive oxygen species (ROS), and can induce DNA single-strand 
breaks and DNA damage responses (ROS: double-edged sword for leukemic cells. Neil 
E. Kay. (Mayo Clinic). Blood, 15 March 2006, Vol. 107, No. 6, pp. 2212-2213). 
Consistent with this Bcr/abl-independent mechanism, adaphostin has been found to result 
in the induction of apoptosis and/or killing of chronic lymphocytic leukemia (CLL) 
lymphocytes and acute myeloid leukemia (AML) blasts (Chandra J, Hackbarth J, Le S, et 
al. Involvement of reactive oxygen species in adaphostin-induced cytotoxicity in human 
leukemia cells. Blood. 2003;102: 4512-4519) (Shanafelt TD, Lee YK, Bone ND, et al. 
Adaphostin-induced apoptosis in CLL B cells is associated with induction of oxidative 
stress and exhibits synergy with fludarabine. Blood. 2005;105: 2099-2106).  
 
In those studies, the antioxidant N-acetylcysteine (NAC) was shown to protect 

leukemic cells from the lethal impact of adaphostin providing further evidence 
for the importance of ROS. Chandra and colleague's report now extends the 
spectrum of adaphostin killing of leukemic cells to IM-resistant leukemic lymphoid and 
myeloid cells. In Chandra et al's work, both NAC and Trolox (water-soluble 
vitamin E) protects these cells from apoptosis or other functional damage and 
provides further evidence for the importance of ROS in adaphostin cytotoxicity. Their 
report also shows that adaphostin can induce down-regulation of both wild-type (WT) 
and mutant Bcr/abl protein but independent of ROS generation. Does this mean that the 
former activity can still contribute to IM-resistant cell killing? We agree with the 
investigators that their findings strongly encourage further studies of unique agents that 
work by the up-regulation of ROS. Encouragingly, earlier studies by this group have 
shown relative selectivity of this drug for leukemic and not normal cells (Shanafelt 
TD, Lee YK, Bone ND, et al. Adaphostin-induced apoptosis in CLL B cells is associated 
with induction of oxidative stress and exhibits synergy with fludarabine. Blood. 
2005;105: 2099-2106) (Mow BM, Chandra J, Svingen PA, et al. Effects of the Bcr/abl 
kinase inhibitors STI571 and adaphostin (NSC 680410) on chronic myelogenous 
leukemia cells in vitro. Blood. 2002;99: 664-671). Again I believe that this illustrates 
the ability of antioxidants to block apoptosis and perhaps promote cancer. 
 



(ROS: double-edged sword for leukemic cells. Neil E. Kay. MAYO CLINIC. Blood, 15 
March 2006, Vol. 107, No. 6, pp. 2212-2213) 
 
1.7.6.7  Bortezomib-EMOD-induced cancer apoptosis blocked by antioxidant Tiron 
 
Bortezomib, a proteasome inhibitor, shows substantial anti-tumor activity in a variety of 
tumor cell lines, is in phase I, II, and III clinical trials and has recently been approved for 
the treatment of patients with multiple myeloma. The sequence of events leading to 
apoptosis following proteasome inhibition by bortezomib is unclear. Bortezomib effects 
on components of the mitochondrial apoptotic pathway were examined: generation 
of reactive oxygen species (ROS), alteration in the mitochondrial membrane 
potential ( m), and release of cytochrome c from mitochondria. With human H460 
lung cancer cells, bortezomib exposure at 0.1 µM showed induction of apoptotic cell 
death starting at 24 h, with increasing effects after 48-72 h of treatment. After 3-6 h, an 
elevation in ROS generation, an increase in ( m) and the release of cytochrome c into 
the cytosol, were observed in a time-dependent manner. Co-incubation with rotenone and 
antimycin A, inhibitors of mitochondrial electron transport chain complexes I and III, or 
with cyclosporine A, an inhibitor of mitochondrial permeability transition pore, resulted 
in inhibition of bortezomib-induced ROS generation, increase in ( m) and cytochrome c 
release. Tiron, an antioxidant agent, blocked the bortezomib-induced 
ROS production, ( m), and cytochrome c release. Tiron treatment also protected 
against the bortezomib-induced PARP protein cleavage and cell death. 
Benzyloxycarbonyl-VAD-fluoromethyl ketone, an inhibitor of pan-caspase, did not alter 
the bortezomib-induced ROS generation and increase in ( m) although it prevented 
bortezomib-induced poly(ADP-ribose) polymerase cleavage and apoptotic death. In PC-3 
prostate carcinoma cells (with overexpression of Bcl-2), a reduction of bortezomib-
induced ROS generation, ( m) was correlated with cellular resistance to bortezomib and 
the attenuation of drug-induced apoptosis. The transient transfection of wild type p53 in 
p53 null H358 cells caused stimulation of the bortezomib-induced apoptosis but failed to 
enhance ROS generation and ( m). Thus ROS generation plays a critical role in the 
initiation of the bortezomib-induced apoptotic cascade by mediation of the 
disruption of ( m) and the release of cytochrome c from mitochondria (Reactive 
Oxygen Species Generation and Mitochondrial Dysfunction in the Apoptotic Response to 
Bortezomib, a Novel Proteasome Inhibitor, in Human H460 Non-small Cell Lung Cancer 
Cells. Yi-He Ling, Leonard Liebes, Yiyu Zou and Roman Perez-Soler. J. Biol. Chem., 
Vol. 278, Issue 36, 33714-33723, September 5, 2003). I believe that this again 
demonstrates the danger of antioxidants in blocking apoptosis in human cancer. 
 
1.7.6.8  Tumoricidal arsenic oxide (As2O3) acts via EMOD production 
 
Cancer cells are under intrinsic increased oxidative stress and vulnerable to EMOD- 
induced apoptosis. A strategy was used to hinder mitochondrial electron transport and 
increase superoxide generation in human leukemia cells as a novel way to enhance 
apoptosis induced by anticancer agents.   
 



This strategy was first tested in a proof-of-principle study using rotenone, a specific 
inhibitor of mitochondrial electron transport complex I. Partial inhibition of 
mitochondrial respiration 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 is a clinically 
active anti-leukemic agent, which inhibits mitochondrial respiratory function by 
increasing EMOD levels.  Interfering with mitochondrial respiration is a novel 
mechanism by which As2O3 increases generation of free radicals. (Inhibition of 
mitochondrial respiration: a novel strategy to enhance drug-induced apoptosis in human 
leukemia cells by a reactive oxygen species-mediated mechanism. H. Pelicano et al. J 
Biol Chem. 2003 Sep 26;278(39):37832-9). 
 
1.7.6.9 2-methoxyestradiol (2-ME) increases EMODs and kills tumor cells 
 
Therapeutic selectivity is one of the most important considerations there is in cancer 
chemotherapy.  Certain agents generate EMODs, such as 2-methoxyestradiol (2-ME), 
which selectively kills human leukemia cells without exhibiting significant cytotoxicity 
in normal lymphocytes. 
 
In general, malignant cells are more active than normal cells in the production of EMODs 
and are more vulnerable to EMOD induced apoptosis than normal cells. 
 
The increase in SOD and catalase expression was observed both in primary human 
leukemia cells and in primary ovarian cancer cells. Both malignant cell types were 
more sensitive to 2-ME than their normal counterparts, as demonstrated by the 
significant accumulation of EMODs and subsequent apoptosis. The administration of 
EMOD scavengers in combination with 2-ME prevented the accumulation of superoxide 
and scavengers blocked EMOD induced apoptosis. (Intrinsic oxidative stress in cancer 
cells: a biochemical basis for therapeutic selectivity. Hileman EO, Liu J, Albitar M, 
Keating MJ, Huang P. Cancer Chemother Pharmacol. 2004 Mar;53(3):209-19). 
 
1.7.7.0  Sulforaphane (SFN) induces apoptosis 
 
Sulforaphane, a constituent of many edible cruciferous vegetables, including 
broccoli, effectively suppresses proliferation of cancer cells in culture and in vivo by 
causing apoptosis induction, but the sequence of events leading to cell death is poorly 
defined. Here, we show that multidomain proapoptotic Bcl-2 family members Bax and 
Bak play a critical role in apoptosis induction by sulforaphane. This conclusion is based 
on the following observations: (a) sulforaphane treatment caused a dose- and time-
dependent increase in the protein levels of both Bax and Bak and conformational change 
and mitochondrial translocation of Bax in SV40-transformed mouse embryonic 
fibroblasts (MEF) derived from wild-type mice to trigger cytosolic release of apoptogenic 
molecules (cytochrome c and Smac/DIABLO), activation of caspase-9 and caspase-3, 
and ultimately cell death; (b) MEFs derived from Bax or Bak knockout mice resisted cell 
death by sulforaphane, and (c) MEFs derived from Bax and Bak double knockout mice 
exhibited even greater protection against sulforaphane-induced cytochrome c release, 



caspase activation, and apoptosis compared with wild-type or single knockout cells. 
Interestingly, sulforaphane treatment also caused a dose- and time-dependent increase in 
the protein level of Apaf-1 in wild-type, Bax-/-, and Bak-/- MEFs but not in double 
knockout, suggesting that Bax and Bak might regulate sulforaphane-mediated induction 
of Apaf-1 protein. A marked decline in the protein level of X-linked inhibitor of 
apoptosis on treatment with sulforaphane was also observed. Thus, it is reasonable to 
postulate that sulforaphane-induced apoptosis is amplified by a decrease in X-linked 
inhibitor of apoptosis level, which functions to block cell death by inhibiting activities of 
caspases. In conclusion, the results of the present study indicate that Bax and Bak 
proteins play a critical role in initiation of cell death by sulforaphane (Bax and Bak 
are required for apoptosis induction by sulforaphane, a cruciferous vegetable-derived 
cancer chemopreventive agent. S.Choi and S.V. Singh. Cancer Res. 2005 Mar 
1;65(5):2035-43). 
 
1.7.7.1  EMODs cause SFN-induced apoptosis in prostatic cancer cells 
 
Choi and Singh have shown previously that sulforaphane (SFN), a constituent of 
many edible cruciferous vegetables including broccoli, suppresses growth of 
prostate cancer cells in culture as well as in vivo by causing apoptosis, but the 
sequence of events leading to cell death is poorly defined. Using PC-3 and DU145 human 
prostate cancer cells as a model, they now demonstrate, for the first time, that 
the initial signal for SFN-induced apoptosis is derived from reactive 
oxygen species (ROS). Exposure of PC-3 cells to growth-suppressive concentrations 
of SFN resulted in ROS generation, which was accompanied by disruption of 
mitochondrial membrane potential, cytosolic release of cytochrome c, and apoptosis. All 
these effects were significantly blocked on pretreatment with N-acetylcysteine and 
overexpression of catalase. The SFN-induced ROS generation was significantly 
attenuated on pretreatment with mitochondrial respiratory chain complex I 
inhibitors, including diphenyleneiodonium chloride and rotenone. SFN treatment 
also caused a rapid and significant depletion of GSH levels. Collectively, these 
observations indicate that SFN-induced ROS generation is probably mediated by a 
nonmitochondrial mechanism involving GSH depletion as well as a mitochondrial 
component. Ectopic expression of Bcl-xL, but not Bcl-2, in PC-3 cells offered significant 
protection against the cell death caused by SFN. In addition, SFN treatment resulted in 
an increase in the level of Fas, activation of caspase-8, and cleavage of Bid. 
Furthermore, SV40-immortalized mouse embryonic fibroblasts (MEFs) derived from Bid 
knock-out mice displayed significant resistance toward SFN-induced apoptosis compared 
with wild-type MEFs. In conclusion, the results of the present study indicate that SFN-
induced apoptosis in prostate cancer cells is initiated by ROS generation 
and that both intrinsic and extrinsic caspase cascades contribute to the cell death caused 
by this highly promising cancer chemopreventive agent (Sulforaphane-induced cell death 
in human prostate cancer cells is initiated by reactive oxygen species.  S.V. Singh et al. J 
Biol Chem. 2005 May 20;280(20):19911-24).  To me, this data augments my 
Unified theory and the data indicating the significance of EMODs as 
tumoricidal agents. 



 
1.7.7.2  Sulforaphane (SFN) EMOD-induced apoptosis blocked by N-acetylcysteine 
 
Sulforaphane (SFN) is a major isothiocyanate compound in cruciferous vegetables 
such as broccoli, cauliflower, and Brussels sprouts. Preclinical animal models have 
recently shown that SFN and other isothiocyanates may be useful for prostrate cancer 
(PCa) chemoprevention. Pretreatment of cells with N-acetylcysteine to enrich 
intracellular glutathione blocked SFN-induced ROS and apoptotic cell death. Taken 
together, the data indicate that SFN decreased viable DU145 cell number in large part 
through the generation of ROS and JNK-mediated signaling to G2/M arrest and 
caspase-dependent apoptosis. Selenium in the form of inorganic sodium selenite salt 
or methylseleninic acid did not enhance SFN-induced apoptosis in this cell culture 
model (Involvement of c-Jun N-terminal kinase in G2/M arrest and caspase-mediated 
apoptosis induced by sulforaphane in DU145 prostate cancer cells. S.D. Cho et al. Nutr 
Cancer. 2005;52(2):213-24).  Again, we see that an antioxidant blocks neoplasia kill. I 
believe that this has significant clinical importance and relevance and that these 
antioxidants should be avoided in patients undergoing cancer treatment. 
 
1.7.7.3  Phenylethyl isothiocyanate (PEITC) apoptosis blocked by NAC and vitamin 
E 
 
Phenylethyl isothiocyanate (PEITC) is a well recognized potential chemopreventive 
compound against human cancers. In this study, the molecular mechanism of PEITC-
induced apoptosis was examined with two antioxidants (N-acetyl-cysteine and vitamin E) 
and a caspase-3 inhibitor (z-DEVD-fmk). Results demonstrated that PEITC significantly 
induced human hepatoma PLC/PRF/5 (CD95-negative) cells undergoing apoptosis. 
Treatment with 0 approximately 10 microM PEITC-triggered cell apoptosis as revealed 
by the externalization of annexin V-targeted phosphatidylserine and the subsequent 
appearance of sub-G1 population. Results also displayed that PEITC-induced apoptosis 
involves the up-regulation of p53 and Bax protein, down-regulation of the XIAP, Bcl-2, 
Bcl-(XL) and Mcl-1 proteins, cleavage of Bid, and the release of cytochrome c and 
Smac/Diablo, which were accompanied by the activation of caspases -9, -3 and -8. 
PEITC-induced the generation of reactive oxygen species and the decrease of 
mitochondrial membrane potential (Deltapsim) in a time-dependent pattern. N-acetyl-
cysteine and vitamin E at 100 microM, and z-DEVD-fmk at 50 microM 
markedly blocked PEITC-induced apoptosis, which was demonstrated 
by a decline in the reactive oxygen species generation and the release of the 
cytochrome c and Smac/Diablo from mitochondria to the cytosol. N-acetyl-cysteine, 
vitamin E and z-DEVD-fmk also prevented the PEITC in inducing the loss of Deltapsim. 
They also affected the activity of XIAP and Bax proteins. Taken together, these studies 
suggest that PEITC is an apoptotic inducer that acts on the mitochondria and the feedback 
amplification loop of caspase-8/Bid pathways in PLC/PRF/5 cells (Effects of antioxidants 
and caspase-3 inhibitor on the phenylethyl isothiocyanate-induced apoptotic signaling 
pathways in human PLC/PRF/5 cells. S.J. Wu et al. Eur J Pharmacol. 2005 Aug 



22;518(2-3):96-106). Clearly, human cancer cells will be allowed to proliferate by the 
use of NAC and vitamin E. 
 
1.7.7.4  Doxorubicin blocked by N-acetyl-cysteine 
 
The cardiotoxicity induced by the anticancer anthracycline doxorubicin (DOX) is 
attributed to reactions between iron and reactive oxygen species (ROS) that lead to 
oxidative damage. They found that DOX forms ROS in H9c2 cardiomyocytes, as shown 
by dichlorodihydrofluorescein oxidation and the expression of stress-responsive genes 
such as catalase or aldose reductase. DOX also increased ferritin levels in these cells, 
particularly the H subunit. A considerable increase in ferritin mRNA levels showed that 
DOX acted at transcriptional level, but an additional potential mechanism was identified 
as the down-regulation of iron regulatory protein-2, post-transcriptional inhibitor of 
ferritin synthesis. Pretreatment with DOX protected H9c2 cells against the damage 
induced by subsequent exposure to ferric ammonium citrate, and experiments with 
[5][5]Fe revealed that the protection was due to the deposition of iron in ferritin. 
Cytoprotection was also observed when DOX was replaced by glucose/glucose oxidase, a 
source of H2O2, thus suggesting that DOX increases ferritin synthesis through the action 
of ROS. This concept was supported by three more lines of evidence. (i) DOX-induced 
ferritin synthesis was blocked by N-acetyl-cysteine, a scavenger of ROS. (ii) 
Mitoxantrone, a ROS-forming analogue, similarly induced ferritin expression and 
protected the cells against iron toxicity. (iii) 5-Iminodaunorubicin, an analogue lacking 
ROS-forming activity, did not induce ferritin synthesis or protect the cells against iron 
toxicity. These results characterize a paradoxically beneficial link between 
anthracycline-derived ROS, increased ferritin synthesis, and resistance to iron-
mediated damage. The role of iron and ROS in anthracycline-induced cardiotoxicity 
may, therefore, be more complex than previously believed (C. Gianfranco et al. The 
Journal of biological chemistry . 2004, vol. 279, pp. 13738-13745). 
 
1.7.7.5  Antioxidants mimic the ability of chorionic gonadotropin to suppress 
apoptosis 
 
Dharmarahan et al. have recently reported that members of the bcl-2 gene family are 
expressed and estradiol regulated in rabbit luteal cells during corpus luteum (CL) 
regression, and that estradiol and hCG are effective inhibitors of apoptosis in the 
rabbit CL in vivo and in vitro. As Bcl-2 and related proteins are known to regulate 
levels of reactive oxygen species or their intermediates in cells as one possible 
mechanism to control apoptosis, the present studies were designed to examine if 
oxidative stress plays a role in luteal cell apoptosis during CL regression in the rabbit. In 
the first set of experiments, healthy CL obtained from day 11 pseudopregnant rabbits 
were incubated in serum-free medium for 2 h in the absence or presence of superoxide 
dismutase (SOD; 1.5-150 U/ml), ascorbic acid (1-100 mM), N-acetyl-L-cysteine (25 and 
50 mM), or catalase (10-1000 U/ml). Cells within CL incubated in medium alone 
exhibited extensive apoptosis (examined by analysis of extracted DNA using 3'-end 
labeling), and this onset of apoptosis was blocked in a dose-dependent 
fashion by treatment with SOD, ascorbic acid, N-acetyl-L-cysteine, or 



catalase. In the second set of experiments, expression of bax and bcl-x in CL after in 
vitro treatment without and with 100 U/ml SOD was examined. Although SOD 
treatment did not alter the levels of bcl-x messenger RNA (mRNA) over the 2-h 
incubation period, this antioxidant enzyme significantly reduced the levels of bax 
mRNA in incubated CL. In the final set of experiments, they observed that expression of 
mitochondrial- or manganese-containing SOD was significantly increased by treatment of 
isolated CL with 1 microg/ml hCG in vitro, whereas bax mRNA levels were significantly 
reduced under the same culture conditions. Collectively, these data indicate that the 
gonadotropin-mediated inhibition of apoptosis in rabbit luteal cells involves enhanced 
expression of the oxidative stress response gene, manganese-containing SOD, whose 
protein product may then function to protect luteal cells directly from the damaging effect 
of reactive oxygen species and/or indirectly by acutely down-regulating expression of 
Bax, a prooxidant member of the Bcl-2 protein family (Antioxidants mimic the ability of 
chorionic gonadotropin to suppress apoptosis in the rabbit corpus luteum in vitro: a novel 
role for superoxide dismutase in regulating bax expression. A.M. Dharmarahan et al. 
Endocrinology. 1999 Jun;140(6):2555-61). 

1.7.7.6 H. pylori killed in vitro by eugenol and Cinnamaldehyde 

Helicobacter pylori was first discovered in 1982 and was subsequently found to be an 
important etiological agent for gastritis, peptic ulcers and gastric malignancy. It is 
estimated that one-half of the world's population is infected with H. pylori. Numerous 
clinical evidences reveal that eradication of H. pylori results in improvement of gastritis 
and drastically decreases the rate of relapse of gastric and duodenal ulcers. H. pylori 
carriage rates are about 80–90% in developing countries, with a high risk of gastric 
cancer and antibiotic regimens against H. pylori are frequently ineffective in such 
populations. Besides this, undesirable side effects, noncompliance among the patients and 
the cost of the antibiotic regimens are few other factors for their ineffectiveness. Hence 
there is a need to develop alternative approaches to suppress/cure the infection. 

Since ancient times, spices and condiments have been considered indispensable in the 
culinary arts, as they are used to flavor foods. Also these spices were recognized for their 
physiological and medicinal properties. It is presumed that the broad-spectrum 
effectiveness of these spices may provide a suitable basis for new anti H. pylori therapies. 
Some of the epidemiological studies suggest an inverse relationship between the 
occurence of cancer of stomach (for which H. pylori infection is a known risk factor) and 
the intake of the allium vegetables. There are reports on in vitro antimicrobial activity of 
many spice extracts (and not their active principles) on H. pylori. But active principles of 
garlic and garlic components have been tried. 

Eugenol, a phenolic compound is the main component of clove (Eugenia caryophillis) 
oil. Cinnamaldehyde is an aromatic aldehyde and main component of bark extract of 
cinnamon (Cinnamomum verum). Both these compounds are present in essential oils of 
many plants and are proved to be active against many pathogenic bacteria, fungi and 
viruses. There is a paucity of information on the effects of these bioactive compounds on 



H. pylori. Therefore, the present study was undertaken to evaluate the efficacy of eugenol 
and cinnamaldehyde as anti H. pylori agents. 

In Indian traditional medical system, a number of plants and plant products are known to 
possess potent medicinal properties, suggesting that plants, plant products and their 
extracts may be useful for specific medical conditions. Hence in our effort to identify 
newer compounds, which can inhibit H. pylori growth, we tested eugenol and 
cinnamaldehyde. These compounds have already been found to inhibit 10 different multi 
drug resistant pathogenic bacteria such as E. coli, Staphylococcus, Proteus, Klebsiella, 
Enterobacter, and Pseudomonas isolated from human subjects. In our studies, eugenol 
and cinnamaldehyde completely inhibited all the strains (both sensitive & resistant) at a 
concentration of 2 µg/ml. This inhibitory concentration is very less when compared 
against the previously reported MICs {allicins: 6–12 µg/ml, garlic oil: 8–32 µg/ml [11] 
and ajoenes: 10–25 µg/ml}. Our compounds also proved to be more potent than 
thiosulfinate {40 µg/ml}, vinyldithiins {<100 µg/ml}, epigallocatechin gallate {50–100 
µg/ml} and garlic powder {250 µg/ml}. 

The data obtained in this study show that eugenol and cinnamaldehyde at 2 µg/ml 
produce significant decrease of viability of the organism H. pylori, irrespective of the 
strain. Activity of these compounds at low pH levels may help them achieve their 
efficacy in an environment such as human stomach. Eugenol and cinnamaldehyde 
inhibited the growth of all the 30 H. pylori strains tested, at a concentration of 2 µg/ml, in 
the 9th and 12th hours of incubation respectively. At acidic pH, increased activity was 
observed for both the compounds. Furthermore, the organism did not develop any 
resistance towards these compounds even after 10 passages grown at sub-inhibitory 
concentrations. 

1.7.7.7  Cinnamaldehyde EMOD induced apoptosis blocked by NAC and vitamin E 

Cinnamaldehyde (cinnamic aldehyde) is the main component in cassia oil as well as 
cinnamon bark oil and is used in flavoring compounds to impart a cinnamon flavor. 
Considerable safety data exist from the food and flavoring industry which utilizes food 
grade cinnamaldehyde in non-alcoholic beverages, ice cream, candy, baked goods, 
chewing gum, condiments and meats at levels ranging from 9 ppm to 4900 ppm. 
Cinnamaldehyde is Generally Recognized As Safe (GRAS) by the Flavoring Extract 
Manufacturers' Association and is approved for food use (21 CFR 182.60) by the Food 
and Drug Administration (FDA). Cinnamon oil, which contains 70% to 90% 
cinnamaldehyde, is also classified as GRAS, and, like cinnamaldehyde, is used in the 
food and flavoring industry. 

Cinnamic aldehyde is a oily yellow liquid with strong odor of cinnamon. This compound 
is the main component of cinnamon oil, a volatile oil used as a flavoring agent for 
pharmaceuticals. Cinnamaldehyde is obtained from the distillation  with steam from the 
leaves and twigs of Cinnamomum. The predominant application for cinnamaldehyde is in 
the flavor and fragrance industries. It is used as a flavouring for chewing gum, ice cream, 
candy, and beverages. is used in some perfumes of natural, sweet, or fruity scents. A 

http://www.ann-clinmicrob.com/content/4/1/20


variety of alkyl substituted cinnamaldehyde derivatives including amyl and hexyl 
cinnamicaldehydes are also widely used in flavouring additives. They imparts a 
cinnamon odor to soaps and household products. Cinnamaldehyde is also used as a 
fungicide or  insecticide. Cinnamaldehyde is also used as a corrosion inhibitor in 
combination with additional components such as dispersing agents, solvents and other 
surfactants for steel and other ferrous alloys in corrosive fluids. 
 
trans-Cinnamaldehyde is a major constituent of cinnamon bark, and it provides the 
distinctive odor and flavor associated with cinnamon. Concentrated cinnamaldehyde can 
irritate the skin and mucous membranes, and typical scented products contain only a few 
tenths of a percent of this compound. Cinnamaldehyde is also used as an agricultural 
fungicide. 
 
Cinnamaldehyde has been shown to be effective in inducing cell apoptosis in a 
number of human cancer cells. The aim of the present study was to investigate the 
effect of vitamin E on the apoptotic signalling mechanism induced by cinnamaldehyde in 
human hepatoma PLC/PRF/5 cells. Using the XTT assay, cinnamaldehyde exhibited a 
powerful antiproliferative effect on PLC/PRF/5 cells. Apoptosis was elicited when cells 
were treated with 1 micromol/L cinnamaldehyde, as characterized by the appearance of 
phosphatidylserine on the outer surface of the plasma membrane. The apoptotic effect 
induced by cinnamaldehyde could be further supported by the release of cytochrome c, 
Smac/Diablo and Omi/HtrA2 from mitochondria to the cytosol and activation of caspase  
Cinnamaldehyde also upregulated the expression of pro-apoptotic protein (Bax) and 
down-regulated the levels of anti-apoptotic proteins, such as Bcl-2 and the inhibitor of 
apoptosis protein family (X-linked inhibitor of apoptosis protein (XIAP), cellular 
inhibitor of apoptosis protein (cIAP)-1 and cIAP-2). Cinnamaldehyde induces the 
generation of reactive oxygen species (ROS) in cells. Following the pre-
incubation of PLC/PRF/5 cells with anti-oxidants, it was found that 100 micromol/L 
vitamin E significantly diminished the effect of cinnamaldehyde-induced apoptosis, 
whereas a lesser effect was seen with on 100 micromol/L N-acetyl-L-cysteine. 
Vitamin E effectively blocked the release of cytochrome c, Smac/Diablo and Omi/HtrA2 
from mitochondria to the cytosol in cells treated with cinnamaldehyde. Vitamin E also 
markedly suppressed caspase 3 activation. The expression of apoptotic inhibitors (XIAP, 
cIAP-1, cIAP-2) and anti-apoptotic (Bcl-2) and pro-apoptotic (Bax) proteins was affected 
by vitamin E pretreatment. Taken together, the results suggest that cinnamaldehyde 
triggers apoptosis possibly through the mitochondrial pathway. Pretreatment with vitamin 
E markedly prevented cinnamaldehyde-mediated apoptosis, which was associated with 
the modulation of XIAP, cIAP-1, cIAP-2, Bcl-2 and Bax protein activity (Effects of 
vitamin E on the cinnamaldehyde-induced apoptotic mechanism in human PLC/PRF/5 
cells. S.J.Wu et al. Clin Exp Pharmacol Physiol. 2004 Nov;31(11):770-6). Data 
consistently shows that EMODs kill human cancer cells and this effect is 
blocked by antioxidants. 
 
 
 
 



1.7.7.8  Doxycycline blocks anti-apoptotic Bcl-2 
 
There is an anti-suicide (anti-apoptosis) protein called Bcl-2.  The famous "Cell 
Death" lab at Dana Farber headed by Dr. Stanley J. Korsmeyer has announced some very 
interesting data. They used mice that had been specially bred to express human Bcl-2, the 
expression of which can then be turned off by a simple antibiotic called doxycycline. The 
mice were then transplanted with B-cell lymphoblastic leukemia. Sure enough, the mice 
got the leukemia, and died pretty quickly if left untreated. But when doxycycline was 
added to their drinking water in order to shut down Bcl-2 as intended, the mice 
quickly normalized their WBC. Spleens, which had earlier been swollen to as much as 
68 grams, shrunk back to a normal 0.08 grams. This makes the point quite clearly: Bcl-2 
plays a very important role in preventing leukemic cell death and shutting it down is 
therefore an interesting therapy target.  
 
I believe that my singlet oxygen delivery system is a relatively low toxicity approach to 
making cancer therapy a managed process that could let you live out your normal life 
span. 
 
1.7.9.0 Coexisting or CLUSTERING OF DISEASES 
 
1.7.9.1 Coexisting or clustering of diseases and the Howes EMOD insufficiency 
syndrome (The ROSI Syndrome of Howes) 
 
Throughout my many years of research on oxygen metabolism, I have been impressed 
with the clustering of certain diseases , such as cancer, diabetes, atherosclerosis, arthritis, 
cataracts, obesity, HIV/AIDS, immunosuppression and Alzheimer’s disease.  The 
presence of ony one of these diseases tends to increase the risk for another of this group.  
Thus, the obvious question is, “Why?”  Clues to this query are hidden throughout the vast 
vista of the scientific literature. 

A risk factor is anything that increases a person's chance of getting a disease. Some 
risk factors can be changed and others cannot. For example, risk factors for cancer 
can include a person's age, sex, and family medical history. Others are linked to 
cancer-causing factors in the environment. Still others are related to lifestyle choices 
such as tobacco and alcohol use, diet, and sun exposure.  

Having a risk factor for a disease means that a person is more likely to develop the 
disease at some point in their lives. However, having one or more risk factors does 
not necessarily mean that a person will get the disease. Some people with one or 
more risk factors never develop the disease, while other people who do develop the 
disease have no apparent risk factors.  

Even when a person who has a risk factor is diagnosed with, for instance, cancer, 
there is no way to prove that the risk factor actually caused the cancer.  Overall, 
environmental factors, defined broadly to include tobacco use, diet, and infectious 
diseases, as well as chemicals and radiation cause an estimated 75% of all cancer cases in 



the United States. Among these factors, tobacco use, unhealthy diet, and physical activity 
are more likely to affect personal cancer risk. Research shows that about one-third of 
all cancer deaths are related to dietary factors and lack of physical activity in 
adulthood. 

Certain cancers are related to viral infections and could be prevented by behavior changes 
or vaccines. More than 1 million skin cancers expected to be diagnosed in 2003 could 
have been prevented by protection from the sun's rays. While all men are at risk for 
prostate cancer, several factors can increase the chances of developing the disease, such 
as age, race, and diet. The chance of getting prostate cancer goes up with age. Prostate 
cancer is more common among African-American men than among white men. (We do 
not yet know why this is so.)  However, I believe that it is related to racial differences 
in abilities to produce adequate protective levels of EMODs.  
 
"Living a healthy lifestyle is especially important for cancer survivors because they may 
be at increased risk for other cancers, heart disease, and diabetes," said Colleen Doyle, 
MS, RD, director of nutrition and physical activity at American Cancer Society. Cancer 
survivors may also benefit from taking a multivitamin that provides about 100% of the 
daily requirement of essential vitamins and minerals, the guide says. However, the 
authors caution against taking high doses of any vitamin, especially 
antioxidants. That's because it's possible that high doses may interfere with treatment 
or have other unforeseen consequences.   
 

 

Cancer survivors need to pay special attention to food safety, especially during treatment, 
when their immune system may not be in top form. Germs that may not harm a healthy 
person could make someone with a compromised immune system very sick. Exercise is 
another essential part of keeping cancer survivors healthy. Physical activity can improve 
anxiety, mood, and depression, boost self esteem, and relieve fatigue in survivors 
("Nutrition and Physical Activity During and After Cancer Treatment: An American 
Cancer Society Guide for Informed Choices." Published in the Nov./Dec. 2006 CA: A 
Cancer Journal for Clinicians (Vol. 56, No. 6: 323-353). First author: Colleen Doyle, 
MS, RD, American Cancer Society.). I believe that exercise also provides a dose of 
prooxidant protective EMODs. 
 
Patients taking long term cortisone tend to develop skin cancer and lymphomas, high 
blood glucose (diabetes), cardiovascular disease, thin skin, repeated infections, 
osteoporosis, impaired immune system, siphoning of fat from the arms and legs and 
depositing of it in the face and trunk, weakened muscles, cataracts and poor wound 
healing. My studies lead me to believe that most of these conditions are due to an 
EMOD insufficiency.  The fact that long term ingestion of steroids causes the 
development of these conditions speaks volumes about their inter-relationships.   

Investigators have recently demonstrated that reactive oxygen species (ROS) 
generation by polymorphonuclear leukocytes (PMNL) and mononuclear cells 
(MNC) is inhibited following the intravenous administration of hydrocortisone. This 
is associated with a parallel decrease in intranuclear NFκB, known to modulate 

http://us.lrd.yahoo.com/_ylt=ApV7a3uS8cubFLT0r7.OGdwqLcsF/SIG=15ai6ba92/**http%3a//www.cancer.org/docroot/pi_ipg.asp%3fsitename=CA%3a%2bA%2bCancer%2bJournal%2bfor%2bClinicians%26url=http%3a//caonline.amcancersoc.org/cgi/content/full/56/6/323
http://us.lrd.yahoo.com/_ylt=ApV7a3uS8cubFLT0r7.OGdwqLcsF/SIG=15ai6ba92/**http%3a//www.cancer.org/docroot/pi_ipg.asp%3fsitename=CA%3a%2bA%2bCancer%2bJournal%2bfor%2bClinicians%26url=http%3a//caonline.amcancersoc.org/cgi/content/full/56/6/323


inflammatory responses including ROS generation. They have also shown that the plasma 
levels of interleukin-10 (IL-10), an anti-inflammatory and immunosuppressive cytokine 
produced by TH2 cells, are also increased after hydrocortisone administration (Acute 
suppressive effect of hydrocortisone on p47phox subunit of nicotinamide adenine 
dinucleotide phosphate oxidase. Paresh Dandona et al. Metabolism. Volume 50, Issue 5 , 
May 2001, Pages 548-552). 
 
We knew that HIV infection or AIDS weakens the immune system 
and makes people at least 800 times more likely to have 
their latent TB infection activated. It wasn’t realized until later 
that the reverse is also true: Active tuberculosis further suppresses 
the immune system of AIDS patients; curing tuberculosis actually 
improves the immune system. 
Lee B. Reichman, 
Timebomb: The Global Epidemic of 
Multi-Drug-Resistant Tuberculosis, 
2002, New York: McGraw Hill 
 
I believe that just as one disease lowers the immune system and predisposes to 
another disease that lowering of the EMOD level also predisposes to the occurrence 
of another disease.  They can have a cumulative EMOD lowering effect and produce 
the clustering I discuss.  
 
First a new theory is attacked as absurd; then it is 
admitted to be true, but obvious and insignificant; 
finally it is seen to be so important that its adversaries 
claim they themselves discovered it. 
William James, Pragmatism, 1907 
 
A sounder approach to distinguishing normal from abnormal is 
to call abnormal those observations that are regularly associated 
with disease, disability, or death—that is, any clinically meaningful 
departure from good health. The disease may be expressed 
directly by symptoms, or predicted by characteristics that are 
themselves strongly associated with poor health, such as “risk 
factors” or clinically important physical signs. 
Robert H. Fletcher, Suzanne W. Fletcher, 
and Edward H. Wagner, 
Clinical Epidemiology: The Essentials, 
1988, Baltimore: Williams & Wilkins 
 
 
We have, I hope, abandoned the convenient but restricted 
and artificial two-foci correlations linking single 
factors in causality of disease processes. Hence 
we need no longer argue whether a disease is caused 
by heredity, constitution, disordered chemistry or 
physiology, infection, trauma, or repressed pathogenic 
emotions. We are no longer concerned with either-or single- 

http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236952%232001%23999499994%23315458%23FLT%23&_cdi=6952&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=949f4aea678b25a42b932cc6c0f95aca


factor polarities but currently attempt to map out 
the widest possible ranges of conditions, all of which 
in some way and at some time, seem to be implicated 
in a dynamic chain of causes and effects. 
Roy Grinker 
 
Grinker, R., cited by H. Foster (1986). Reducing cancer mortality: A geographical 
perspective. Victoria, BC: University of Victoria, Department 
of Geography, Western Geographical Series, Vol. 23, p. 163 
 
 
Your body naturally produces glutathione in abundance 
—it is essential to life itself. Glutathione circulates constantly 
throughout your body, neutralizing free radicals 
and removing dangerous waste products and toxins from 
your system. When your glutathione level is high, your 
overall health is high. You feel good and you look good. 
You fight off minor illnesses quickly, you have plenty of 
energy, and you feel mentally and physically alert. 
If your glutathione level is high, you’re at an optimal level 
of good health, for now and for the future. Glutathione 
naturally protects you from the long-term dangers of free 
radicals, metabolic wastes, and environmental poisons. 
Since those dangers include cancer, heart disease, premature 
aging, autoimmune diseases, and chronic illnesses 
such as asthma, keeping your glutathione level 
high helps you stay healthy and active. 
Alan H. Pressman 
 
Pressman, A.H. (1997). The GSH phenomenon: Nature’s most powerful 
antioxidant and healing agent glutathione. New York: St. Martin’s 
Press, p. 2. 
 
 
1.7.9.2  Half of All Hospital Patients Have Coexisting Diseases 

According to a November 17, 2000 report by the U.S. Agency for Healthcare Research 
and Quality (AHRQ), more than half of all hospital patients have "comorbidities"—
co-existing diseases which are not the main reason they were hospitalized, but which 
can complicate treatment and lengthen their stays. 

One in three hospital patients has two or more comorbidities. A fifth have hypertension, 
or high blood pressure, in addition to their principal diagnosis. Hypertension can 
complicate treatment of a principal diagnosis, for example, by increasing the risk of a 
complicating stroke or heart attack. The second most common comorbidity—present in 
roughly 14 percent of patients—are fluid and electrolyte disorders. These are, for 
example, abnormalities in a patient's potassium or sodium level, and they may indicate 
that the patient is significantly dehydrated. These disorders can complicate a hospital stay 
by increasing the risk of a complicating heart arrhythmia or unstable blood pressure. 



Nearly 11 percent of hospital patients suffer from emphysema or chronic bronchitis—
chronic lung diseases that can increase the risk of a complicating pneumonia during a 
hospital stay. Almost 10 percent have diabetes mellitus, and about 7 percent have an 
irregular heartbeat. 

These statistics on comorbidities are derived from a comprehensive AHRQ report, 
Hospitalization in the United States, 1997 

 
 
 
1.7.9.3  Strange link between arthritis and lung cancer 

Knee arthritis may be a sign of early lung cancer.  Having isolated arthritis in one knee 
could be an early warning sign for lung cancer, Italian researchers suggest.  "Knee 
monoarthritis as an early manifestation of lung cancer has never been described 
previously," Dr. Fabrizio Cantini, from the Hospital of Prato, told Reuters Health. He 
noted that the knee trouble in such cases appears very early, "with the consequent 
possibility of surgical removal of the cancer." 

The researchers reviewed the medical records of everyone with isolated knee arthritis 
seen at their center over a 6-year period, and report their findings in the Annals of the 
Rheumatic Diseases.  During the study period, 6654 patients were seen for various 
rheumatic disorders, including 296 with isolated knee arthritis. In five of these 
patients (1.7 percent), the arthritis appeared to be the first sign of lung cancer. 

These five patients were all middle-aged men and each had a long history of heavy 
cigarette smoking.  In all five men, the cancer could be completely removed surgically, 
and the patients were in good condition after an average follow-up period of 41 months. 

The arthritis totally disappeared in all cases after lung cancer surgery, confirming 
that the two were linked.  Based on these observations, Cantini advises doctors to order 
a chest x-ray "every time you see a heavy smoker who presents (with) mild knee 
arthritis." (SOURCE: Annals of the Rheumatic Diseases, online September 4, 2007).  I 
believe that the conditions of either arthritis or cancer is an indicator of an EMOD 
insufficiency and this means that this patient is susceptible to any combinations of 
the diseases seen in these clusters, such as infections, cancer, diabetes, arthritis, 
cataract formation and atherosclerosis.  Actually, I believe that these same patients 
would already have combinations of obesity, CVD, diabetes, etc. if their medical 
records were evaluated for such. 

1.7.9.4  Half of diabetics in U.S. have arthritis 

People with diabetes are twice as likely to have arthritis, putting them in a double bind 
as the pain in their joints keeps them from getting the exercise they need to keep both 
diseases at bay, the U.S. Centers for Disease Control and Prevention said on 5/08/08.  

http://www.ahrq.gov/data/hcup/factbk1/


They found that more than half of U.S. adults diagnosed with diabetes also have arthritis, 
a condition that makes them far less likely to exercise. 

The association was independent of age, gender or body mass index (BMI), a measure of 
obesity.  "The prevalence of arthritis in a diabetic population is astoundingly high," said 
Dr. John Klippel, president of the Arthritis Foundation in a telephone interview.  "Over 
half the people with diabetes have arthritis. If in fact you have both conditions, you are 
quite unlikely to be physically active," he said. 

According to the report, nearly 30 percent of diabetics with arthritis are likely to be 
physically inactive, compared with 21 percent of diabetics who do not have arthritis.  
That compares with 17.3 percent of adults with arthritis alone who are inactive, and 10.9 
percent of adults with neither condition who are inactive. 

Nationwide, the CDC found 46.4 million adults have arthritis and 20.6 
million have diabetes. 

The CDC said the study suggests the pain of arthritis presents a barrier to physical 
activity -- the very thing that might offer people some relief.  "For people with diabetes, 
physical activity helps control blood glucose and risk factors for complications. For 
people with arthritis, physical activity reduces pain and improves function," said Janet 
Collins, director of the CDC's National Center for Chronic Disease Prevention and Health 
Promotion. 

There is a common misconception that exercise is bad for arthritis and it will damage 
joints."  Many forms of exercise are in fact "joint-safe," including walking, swimming 
and biking.  "If people walked 30 minutes a day it would have a profound effect on 
reducing their pain and improving their symptoms," he said. 

The report is based on data gathered from a random telephone survey in 2005 and 2007. 
People were asked if they had ever been diagnosed with arthritis or diabetes. It does not 
say what type of arthritis people had -- osteoarthritis, rheumatoid arthritis or another 
form. Nor does it say if people had type 2 diabetes, the most common kind that is 
associated with obesity and lack of exercise.  Type 1 diabetes is an autoimmune disease 
often diagnosed at an early age.  Again, we see the benefits of exercise and increasing 
EMOD levels. 

1.7.9.5  Rheumatoid arthritis linked to cardiovascular disease (CVD) 

In a recent issue (3/19/2008) of The Johns Hopkins Arthritis Bulletin, Johns Hopkins 
specialists reported on the latest research regarding the link between rheumatoid arthritis 
and heart health.  With rheumatoid arthritis, the inflammation that damages joints 
also takes a toll on the heart. Johns Hopkins specialists offer bottom line advice on how 
to adopt a heart-healthy lifestyle to combat the effects of rheumatoid arthritis (RA) and its 
accompanying inflammation.  
 



People with rheumatoid arthritis understandably focus on caring for their joints. But their 
most serious health risk involves their heart.  Compared to the general 
population, rheumatoid arthritis patients have a significantly increased 
risk of heart attack and stroke, and a shorter life expectancy.  
 
Here are some of the findings from recent studies about the link between rheumatoid 
arthritis and heart disease:  
 
--Heart attacks are twice as common among women with rheumatoid arthritis as 
among those without the disease.  
 
--Atherosclerosis ("hardening of the arteries") starts early and progresses more 
rapidly in people with rheumatoid arthritis.  
 
--Carotid artery blockages (a risk factor for stroke) are three times more common 
in people with rheumatoid arthritis than in people without the disease (44% vs. 15%). 
 
--Cardiovascular events, such as heart attack and stroke, occur about 10 years 
earlier in people with rheumatoid arthritis.  
 
--Mortality is higher among rheumatoid arthritis patients after a first heart attack.  
 
--Blood vessel damage is often already apparent at the time of rheumatoid arthritis 
diagnosis.  
 
--Heart attacks in rheumatoid arthritis patients are more likely to be silent or to occur 
without the typical symptoms, and they more often result in sudden cardiac death.  
 
--Congestive heart failure (weakening of the heart's pumping ability) is more common 
among people with rheumatoid arthritis.  
 
Researchers have identified several links between rheumatoid arthritis and 
cardiovascular disease. Inflammation is believed to be the most important 
of these.  Cardiologists now understand that inflammation plays a crucial role in the 
onset of atherosclerosis. They believe that an injury to the inner lining of the arteries 
(the endothelium) triggers an immune response, sending immune system cells 
rushing to repair the damage.  
 
But in chronic inflammatory states such as rheumatoid arthritis, the immune 
response doesn't shut off after the injury heals. The accumulating immune system 
cells attract deposits of cholesterol, blood platelets, cellular debris, and calcium, which 
clump together to form plaque.  As plaque deposits grow, they restrict blood flow through 
the artery. If the plaque ruptures, clots can break away and travel to the heart or brain, 
where they may cause a heart attack or a stroke.  
 
The relationship between rheumatoid arthritis and the heart is complex, and 



rheumatologists still have a great deal to learn about how to reduce the risk of 
cardiovascular disease among people who have rheumatoid arthritis.  For now, it's 
important to do everything possible to reduce the traditional risk factors for heart 
disease and stroke:  smoking, obesity, a sedentary lifestyle, high blood pressure, 
high cholesterol, and diabetes.  
 
Getting regular exercise and losing extra pounds (even a 5-10% weight reduction is 
beneficial) will help your joints as well as your heart. Monitor your blood pressure and 
have your cholesterol levels checked regularly.  Also, ask your physician about the 
possibility of taking a low-dose aspirin each day to reduce your risk of cardiovascular 
disease.  
 
In addition, the cholesterol-lowering medications known as statins--atorvastatin (Lipitor) 
and others--not only help the heart, but allegedly also have modest beneficial effects on 
rheumatoid arthritis-related inflammation.   
 
I believe that this supports my concept of the ROSI syndrome, which is the reason 
that exercise and weight loss are beneficial.  
 
1.7.9.6  Rheumatoid arthritis said to double heart risk 

People with rheumatoid arthritis have double the risk of suffering heart attacks or 
strokes and should be considered for treatment with statins and blood pressure drugs, 
rheumatology experts said on 6/13/08.  A report by a medical task force to the annual 
congress of the European League Against Rheumatism in Paris concluded the risk was 
comparable to that associated with type 2 diabetes, which is already an established 
cardiovascular risk factor. 

Dr Michael Nurmohamed , leader of the task force, said the inflammatory processes 
underlying rheumatoid arthritis appeared to increase patients' risk of serious heart 
problems.  "There is mounting evidence that inflammation may be the missing link," 
he said in a statement. 

As a result, giving patients cholesterol-lowering statin medicines and anti-hypertensives 
to reduce blood pressure may yield greater benefits than in the general population, he 
added.  Statins and blood pressure medicines are already among the world's best-
selling drugs. They are big profit generators for companies like Pfizer, which markets 
the blockbuster statin Lipitor, and Novartis, which sells blood pressure pill Diovan. 

1.7.9.7  Alcohol reduces risk of developing rheumatoid arthritis 

People who drink alcohol are less prone to the sometimes crippling disease called 
rheumatoid arthritis compared with non-drinkers, according to a Scandinavian study 
published on 6/5/08.  People who had a moderate alcohol consumption were 40 and 45 
percent less likely to develop rheumatoid arthritis compared with people who did not 
drink or drank only occasionally, it found.  Among those who had a high consumption, 
the risk was reduced by 50 and 55 percent respectively. 



Most surprising was that the biggest benefits were seen among smokers with a 
genetic profile known to make them vulnerable to the disease.  Rheumatoid arthritis 
affects between 0.5 and one percent of people, according to figures for the industrialised 
world. 

It happens when the immune system attacks the joints, causing inflammation and damage 
to the cartilage and bone.  A mixture of environmental factors, especially smoking, and 
genetic heritage are the deemed causes of the disease.  The authors, led by Henrik 
Kaellberg of the Institute of Environmental Medicine at the Karolinska Institute in 
Stockholm, note previous research that suggests alcohol interferes with inflammatory 
processes that trigger heart disease. 

Doctors advising patients about the disease say they should urge smokers to kick tobacco, 
but not necessarily to stop consumption of alcohol in moderate quantities.  High 
consumption of alcohol, while apparently protective for rheumatoid arthritis, is 
itself linked with many other health problems.  The paper appears in Annals of the 
Rheumatic Diseases, a specialist journal published by the British Medical Association 
(BMA). 

I believe that the alcohol reduction in risk of developing arthritis is possibly related 
to its prooxidant activity. 
 
1.7.9.8  Hypoxia and angiogenesis in rheumatoid arthritis 
 
Angiogenesis is a prominent feature of rheumatoid synovitis. Although new blood 
vessels deliver oxygen to the augmented inflammatory cell mass, the neovascular 
network is dysfunctional and fails to restore tissue oxygen homeostasis, so that the 
rheumatoid joint remains a markedly hypoxic environment.  Vascular 
pathologic change, in the form of angiogenesis, is important in the perpetuation of 
rheumatoid arthritis and, in the form of endothelial dysfunction, contributes to associated 
cardiovascular comorbidity. Recent data suggest that tumor necrosis factor-alpha 
blockade may modify the vascular pathologic changes in rheumatoid arthritis. 
Angiogenesis is a prominent feature of rheumatoid synovitis. Emerging evidence based 
on ultrasonographic vascular imaging and angiogenic biomarkers implicates angiogenesis 
in the active phase of erosive disease. Many factors contribute to the profoundly hypoxic 
environment that can arise within the joint affected by rheumatoid arthritis. At a cellular 
level, hypoxia is detected by a mechanism that regulates cytoplasmic concentrations of 
hypoxia-inducible factor-1alpha. After translocation to the nucleus, hypoxia-inducible 
factor-1alpha binds its partner hypoxia-inducible factor-1beta to form a heterodimeric, 
functional transcription factor, hypoxia-inducible factor-1, which activates a gene 
program associated with angiogenesis, glycolysis, and adaptation to pH.  
 
Despite the luxuriant vasculature associated with rheumatoid arthritis synovitis, the joint 
affected by rheumatoid arthritis is hypoxic. Repetitive cycles of hypoxia and 
reoxygenation together with oxidants produced by phagocytic cells promote chronic 
oxidative stress within the microenvironment of the affected joint, leading to the 



generation of reactive oxygen species with the potential to contribute to tissue damage 
(Hypoxia and angiogenesis in rheumatoid arthritis.  Taylor PC, Sivakumar B. Curr Opin 
Rheumatol. 2005 May;17(3):293-8).  I believe that the arthritic joint is actually 
EMOD deficient.  

1.7.9.9  Link between coronary heart disease (CHD), cholesterol levels and cancer 

Throughout the years, cholesterol has enjoyed intermittent popularity both as a 
causative factor in CHD and a key factor in tumorigenesis (Bjeike, E. Colon cancer 
and blood-cholesterol. Lancet. 1: 1116-1117, 1974).  
 
Demographic studies show that those populations with a high incidence of CHD 
similarly have a high incidence of colorectal cancer (Rose, G., Blackburn, H., Keys, 
A., Taylor, H. L., Kannel, W. B., Paul, 0., Reid, D. D., and Stamlet, J. Colon cancer and 
blood cholesterol. Lancet, 1:181-183, 1974).  
 
These populations additionally exhibit a relatively high incidence of cancer of the 
breast, pancreas, and prostate as well as leukemias (Carroll, K. K., and Khor, H. T. 
Dietary fat in relation to tumorigenesis. Prog. Biochem. Pharmacol., 10: 308-353,1975). 
 
Additional articles have appeared which are germane to the topic. Liu et al. (Liu, K., 
Stamier, J., Moss, D., Garside, D., Persky, V., and Soltero, I. Dietary cholesterol, fat, and 
fiber, and colon cancer mortality. Lancet, 2: 782-785, 1979), using food disappearance 
data from 20 industrialized countries and simple correlation analysis, showed that, when 
cholesterol is controlled, the partial correlations of dietary fat and fiber with the mortality 
rate of colon cancer were no longer significant. Cross-classification showed a highly 
significant main effect for cholesterol but not for fat or fiber. They suggested that the data 
support a causal relationship between dietary cholesterol and colon cancer. 
 
Williams et al. (Williams, A. R., Sorlie, P. D., Feinleib, M., McNamara, P. M., Kannel, 
W B., and Dawber, T. R. Cancer incidence by levels of cholesterol. J. Am. Med. 
Assoc.,245:247-252, 1981), using data from the Framingham Heart Study, showed 
that serum cholesterol levels were inversely associated with colon cancer 
and cancer at other sites only in men.  Obviously, this is a complex set of 
interactions and needs further elucidation and study. 
 
1.7.9.0 Psoriasis linked to early death and suppressed immune system 

People with a severe form of the skin disease psoriasis are likely to die at a younger 
age than their healthy peers, according to a study released 12/18/07.  The illness 
appears to shorten life expectancy by about five percent in patients most afflicted, 
shaving more than three years off the life expectancy of a man and more than four off 
that of a woman, compared to people who don't have the condition.  The shortened life 
expectancy is comparable to what is seen in patients with a long history of hypertension, 
the researchers said. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Taylor%20PC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sivakumar%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


"This study underscores just how serious this condition is," said Joel Gelfand, assistant 
professor of dermatology at the University of Pennsylvania School of Medicine in 
Philadelphia and lead author on the paper.  "It's more than a disfiguring skin condition. 
It's an immunological illness that has a profound impact on the health and well-being of 
people who suffer with it for decades. 

Psoriasis is a common, but incurable, skin disease characterized by outbreaks of scaly red 
patches of skin. The lesions can appear on any part of the body. Treatments include 
steroid medications and treatment with ultraviolet light.  The condition is thought to be at 
least partly genetic, and involves some immune dysfunction. It has been linked to 
depression, higher rates of smoking and alcohol use and diseases such as obesity, 
cardiovascular disease and some forms of cancer.   

I believe that this indicates that this condition is associated with EMOD 
insufficiency.  Hence, the “allowance” of disease manifestations, such as cancer and 
CVD. 

Gelfand and his co-authors analyzed medical records of almost 4,000 patients with 
severe psoriasis, where the condition affected about 10 to 20 percent of their body, and 
133,000 patients with a milder form of the condition. 

The research team matched each patient with five healthy controls. All of the patients 
were from the United Kingdom.  The findings showed that the risk of death was 50 
percent higher in patients with severe psoriasis compared to those 
without the illness. Individuals with mild psoriasis did not have a higher risk of 
death.  The study did not address the question of early mortality, but Gelfand speculated 
that it could be related to the immune dysfunction or inflammation that is part of the 
disease.  The study appears in the Archives of Dermatology, a journal of the American 
Medical Association. 

 

Spurious statistical associations  
are the malodorous herring,  

which confound the 
scientific hounds and completely throw them off of the  

sweet-smelling trail of truth. 
The stench of the putrid misleading misinformation 

is nigh unbearable. 
R. M. Howes, M.D., Ph.D. 

11/12/07 

 

 



1.7.9.1  Spurious associations-short legs linked to liver disease (see section at end of 
this tome on spurious associations) 

Women with short legs may have a higher risk of liver disease, with both probably 
caused by diet or other factors early in life, British researchers reported on 12/18/07. 

Their study of 3,600 women showed that the shorter a woman's legs were, the more likely 
she was to have signs of liver damage. 

The findings fit in with other studies linking leg length with diabetes and heart 
disease, Abigail Fraser of the University of Bristol and colleagues said. 

"Adult liver function is affected by early life environmental exposures as reflected in leg 
length, and this may suggest common childhood influences on liver development and 
adult risk of diabetes and coronary heart disease," they wrote. 

Fraser's team looked at women aged 60 to 79 who were taking part in a larger health 
study. They measured their leg length as compared to trunk length and also measured 
four liver enzymes: alanine aminotransferase, gamma-glutamyltransferase, aspartate 
transaminase and alkaline phosphatase. 

"Each of these markers reflects a different aspect of potential liver damage," they wrote 
in their report, published in the Journal of Epidemiology and Community Health. 

Leg length can point to how well a person was nourished in early childhood. "In 
particular, evidence shows that breast-feeding, high-energy intake at four years and 
childhood affluent socioeconomic position are all associated with longer adult leg 
length," Fraser's team wrote. 

The findings held even when Fraser's team took into account smoking, drinking and other 
behaviors that can damage a person's liver 

In my opinion, this is primarily a spurious association, which has little relevance to 
reality. 
 
1.7.9.2  Metabolic syndrome tied to cancer in black men 

Certain features of the metabolic syndrome are associated with an increased risk of 
developing prostate cancer in African-American men, according to a report in the journal 
Cancer. Metabolic syndrome is a cluster of conditions that raise the risk of heart 
disease, including obesity, high blood sugar levels or overt diabetes, and high blood 
pressure, among others. 

Dr. Jennifer L. Beebe-Dimmer and associates from the University of Michigan, Ann 
Arbor, used data from the Flint Men's Health Study to explore potential correlations 
between metabolic syndrome conditions and prostate cancer in African-American men. 



Abdominal obesity, defined as having a waist greater than 40 inches, was 80 percent 
more common among African-American men with prostate cancer than among those 
without prostate cancer, the investigators report, and African-American men with high 
blood pressure or taking blood pressure medications were 2.4-times as likely to have 
prostate cancer as those who weren't. 

The presence of any two features of the metabolic syndrome was associated with a 
higher likelihood of having prostate cancer, the researchers note, and the combination 
of abdominal obesity and high blood pressure showed the strongest association. 

Conversely, diabetes, overall obesity, and sedentary behavior were not associated 
with prostate cancer in this population, the report indicates. (SOURCE: Cancer, April 
2007). "Further study will be necessary to confirm these findings and should be 
considered a significant public health priority," the investigators say. 

If the relationship proves to be causal, it would suggest that "prevention or control of 
these conditions eventually may lead to a reduction in the (occurrence) of prostate cancer 
in this high-risk minority group." 

1.7.9.3  Clustering of heart disease more common in W.Va., Ky. 

West Virginia and Kentucky, states known for high levels of obesity, diabetes 
and smoking, have the highest proportion of people with heart disease 
in the nation, U.S. health officials said on 2/15/07. 

The findings, from the first study ever to look at heart disease prevalence state by state, 
showed that states in the Southeast and Southwest were heart disease leaders. Colorado 
and the District of Columbia had the lowest percentages. The results line up well with 
previous, state-specific reports about heart disease death rates, obesity and other risk 
factors, said Wayne Rosamond, an epidemiology professor at the University of North 
Carolina who chairs a statistics committee for the American Heart Association. 

It confirms what we know about regional differences in the burden of disease." For the 
nation as a whole, roughly 4 percent of those surveyed had had a heart attack. A slightly 
higher percentage reported angina or coronary heart disease, and 6.5 reported any of 
those conditions. But in West Virginia, more than 10 percent had at least one of the 
conditions. The prevalence in Kentucky was nearly 9 percent, and Mississippi was No. 3, 
with 8 percent. 

CDC researchers drew their data from a 2005 telephone survey of 356,112 U.S. adults in 
all 50 states, the District of Columbia, Puerto Rico and the U.S. Virgin Islands. 

Participants were asked if a doctor or health care professional had told them they had 
experienced a heart attack, angina, or coronary heart disease. The researchers then 
statistically adjusted the results to correct demographic differences in state samples to 
better mirror the U.S. census. The prevalence in both Colorado and the District of 



Columbia was a little under 5 percent, tying them for the nation's lowest rate. 
Hawaii was close behind. 

The regional differences are believed to stem from rates of obesity, high blood 
pressure, high cholesterol, diabetes, smoking and other known risk factors for heart 
disease, said the study's lead author, Jonathan Neyer, a CDC epidemiologist. That means 
the explanation would come from differences in cultural norms, poverty rates and other 
social factors, and not environmental causes, he said. "There's not something in the 
water," Neyer said. 

Other findings: 

• Among those who didn't finish high school, 1 in 10 had at least one of the conditions. 
Among college graduates, only 1 in 20 did. 

• More than 8 percent of men had one of the conditions, but only 5 percent of women did. 

• Nearly 1 in 5 people 65 and older had at least one of the conditions. The percentages 
were much smaller among younger age groups. 

• The results were the same for blacks and whites, with just over 6 percent having one of 
the conditions. Fewer than 5 percent of Asian-Americans had any of the health problems, 
making them the healthiest ethnic group. American Indians and Alaska Natives had the 
highest prevalence, at about 11 percent. 

1.7.9.4  Link Between Rheumatoid Arthritis And Cancer 
 
For years I have included arthritis in the clustering group for EMOD insufficiency 
diseases.  If I have been correct, I would expect the arthritis patients to have higher 
incidence of cancer that the general population. The following study shows an increased 
mortality in patients with arthritis, inflammatory disease and cancer.  
 
Patients with rheumatoid arthritis (RA), a chronic inflammatory autoimmune 
disease, have a high risk of death from disease - at least double the risk of the 
general population, studies overwhelmingly show. Evidence has been less clear on 
whether RA patients are exceptionally vulnerable to dying from cancer.  
 
The first study to investigate whether patients with RA who develop cancer have a 
decreased rate of survival, featured in the March 2007 issue of Arthritis & Rheumatism, 
("Influence of Inflammatory Polyarthritis on Cancer Incidence and Survival: Results 
from a Community-Based Prospective Study," Jarrod Franklin, Mark Lunt, Diane Bunn, 
Deborah Symmons, and Alan Silman, Arthritis & Rheumatism, March 2007, (DOI: 
10.1002/art.22430) also examined the impact of rheumatic disease on overall cancer 
incidence. Conducted by a team of researchers in the United Kingdom, it focused on 
2,105 patients with recent onset inflammatory polyarthritis (IP). Over time, a large 
proportion of new-onset IP cases evolve into RA, meeting the diagnostic criteria of the 

http://www.interscience.wiley.com/journal/arthritis


American College of Rheumatology.  
 
Researchers followed the IP patients over a 10-year period to detect the occurrence of 
cancer. Among the group, they identified 123 cases of cancer for analysis. These cases 
included bone, lung, breast, prostate, urinary, colon, and brain cancers; cancers of the 
digestive, respiratory, and central nervous systems; cancers of the blood cells and 
cancerous tumors; but excluding non-melanotic skin cancers. Then, they compared these 
rates with the rates of cancer in the general population from the same geographic area, 
Norfolk, adjusting for difference in age and sex. Overall, the incidence of cancer was 
not increased in the IP subjects compared with the general population. However, the 
risk of blood cell cancers was increased among the IP sample, a finding researchers 
expected given the association between RA and lymphoma.  
 
The study also compared the number of deaths in patients with cancer and 
inflammatory arthritis with that of cancer patients without a history of 
inflammatory arthritis. The finding was striking: a 40 percent increase in 
mortality in patients who suffered both IP, or RA, and cancer.  
 
"The results of this study demonstrated that 5-year cancer survival in patients with IP 
is substantially reduced in comparison with that in the general population, even after 
adjusting for differences in age, sex, and cancer site, whereas the overall cancer incidence 
does not seem to be increased," observes Alan Silman, M.D., an epidemiologist with the 
University of Manchester and the study's leading researcher.  
 
Rheumatoid arthritis joints are hypoxic 
Despite the luxuriant vasculature associated with rheumatoid arthritis synovitis, the 
joint affected by rheumatoid arthritis is hypoxic (Hypoxia and angiogenesis 
in rheumatoid arthritis. P.C. Taylor and B. Suvakumar. Curr Opin Rheumatol. 2005 
May;17(3):293-8). 
 
1.7.9.5  Antioxidant vitamins A, C & E, selenium do not affect arthritis 

Investigators reviewed the evidence from randomized clinical trials (RCTs) for the 
effectiveness of the antioxidant vitamins A, C, E or selenium or their combination in the 
treatment of arthritis.  

Methods. A systematic search of computerized databases from inception to September 
2006 for relevant RCTs, application of pre-defined inclusion/exclusion criteria and 
independent data extraction by two authors. Methodological quality was assessed using 
the Jadad scale.  

Results. The searches identified 20 unique RCTs meeting the inclusion criteria: 11 in 
inflammatory arthritis and 9 in osteoarthritis (OA). The studies included are generally of 
poor quality. They fall into three main clusters: selenium for rheumatoid arthritis (n = 5); 
vitamin E for inflammatory arthritis (n = 5) and vitamin E for OA (n = 7). One RCT 
suggests superiority of vitamin E over placebo and three RCTs suggest equivalence 



between vitamin E and diclofenac in the treatment of inflammatory arthritis. In OA, four 
RCTs compared vitamin E with placebo. Two shorter-term studies were positive and two 
longer-term studies were negative. Two further RCTs suggest equivalence between 
vitamin E and diclofenac in the treatment of OA. Findings for selenium, vitamin A and a 
combination product in inflammatory arthritis and for vitamin A, and a combination 
product in OA were negative. An isolated positive result for vitamin C in OA is of 
doubtful clinical significance.  

Conclusions. Clinical trials testing the efficacy of vitamin E in the treatment of OA and 
inflammatory arthritis have been methodologically weak and have produced 
contradictory findings. There is presently no convincing evidence that 
selenium, vitamin A, vitamin C or the combination product selenium 
ACE is effective in the treatment of any type of arthritis. (The antioxidant 
vitamins A, C, E and selenium in the treatment of arthritis: a systematic review of 
randomized clinical trials. P. H. Canter, B. Wider and E. Ernst. Rheumatology 2007 
46(8):1223-1233) 

1.7.9.6  Mild hypothermia 
 
Investigators tested the hypothesis that mild intraoperative hypothermia decreases 
neutrophil phagocytic capacity and generation of reactive oxygen intermediates (a 
measure of oxidative killing). Mild hypothermia directly impairs numerous immune 
functions in vitro. Thermal management was randomly assigned in 10 surgical patients, 
causing intraoperative core temperatures to range from 33 to 37°C. 
 
Neutrophil oxidative and phagocytic capacities were significantly reduced  
intraoperatively, compared with preoperative and postoperative values. Intraoperative 
production of reactive oxygen species was linearly related to core temperature. In 
contrast, there was no correlation between core temperature and phagocytic activity. In 
vitro production of reactive oxygen intermediates increased sixfold from 32 to 40°C. 
In vitro phagocytic capacity increased fourfold in this temperature range. Production of 
oxidative intermediates ROS was most closely related to intraoperative core temperature, 
decreasing nearly fourfold over a 4°C range. This in vivo temperature dependence was 
matched in vitro. Impaired neutrophil oxidative killing may contribute to the 
observed hypothermia-induced reduction in resistance to infection (Mild 
lntraoperative Hypothermia Reduces Production of Reactive Oxygen Intermediates by 
Polymorphonuclear Leukocytes. C. Wenisch et al. Anesth Analg 1996;82:810-6). I 
believe that this argues for the use of hyperthermia as a simple and safe means to 
increase oxidative capacity. This can be obtained by the use of electric blankets, a 
sauna, shower or hot tub.  
 
1.7.9.7  EMODs as essential components of ambient air 
 
Some investigators believe that ROS are essential components of ambient air.  
Various aspects of the biological effect of superoxide and other reactive oxygen species 
contained in air at the cell, tissue, and organism levels are discussed by N. Goldstein. The 



results of the therapeutic use of exogenous gaseous superoxide and low doses of H2O2 for 
the treatment of bronchial asthma, pain, and Parkinson''s disease are reported. A 
hypothesis on the mechanism of physiological action of exogenous reactive oxygen 
species is discussed (Reactive Oxygen Species as Essential Components of Ambient Air. 
N. Goldstein. Biochemistry (Moscow). Volume 67, Number 2 / February, 2002 ).  Rats 
raised in a free-radical-free atmosphere died in a few weeks. 
 
1.7.9.8 Integrity of the network of the EMOD matrix 
 
My use of “integrity” refers to the completeness or wholeness of the organismal, organ, 
tissue, cellular, organelle and molecular matrix for EMOD production, maintainance, 
interconnections, cross talk and signaling. The integrity of this matrix of the EMOD 
network for prooxidant protection and oxidative healing can be compromised at many 
levels. 
 
Likewise, one must consider the site of the EMOD insufficiency and its relationship to 
disease allowance.  The EMOD insufficiency may be at a systemic level, as in smoking 
or anemia or it occur at an organ or tissue level, such as in diabetes or Alzheimer’s 
disease.   
 
Further, the EMOD insufficiency may occur at a cellular or organelle level and result in 
the allowance of a different disease manifestation.  This would be seen in defects of the 
endoplasmic reticulum, the cytochromes, the mitochondria or peroxisome, etc.   
 
Even further, the EMOD insufficiency may occur as a result of an enzymatic defect or at 
the molecular level, as in chronic granulomatous disease and NADPH oxidase, 
myeloperoxidase insufficiency, eNOS, xanthine oxidase, mixed function oxidases, etc.  
  
There exists a curious link in the mechanism of action of many chemotherapeutic agents 
and antimalarials.  I believe that they are linked at the redox and EMOD level and act via 
oxidative mechanisms.   
 
There is a connection between HIV/AIDS, immunosuppression, steroid effects, recurrent 
infections, neoplasia, diabetes and decreased EMOD production. 
 
Investigators published new data in a report "HIV-associated Kaposi's sarcoma." 
According to recent research in the journal Dermatologic Clinics, "Kaposi's sarcoma 
(KS) is a multifocal vascular tumor that occurs most commonly in patients who have 
immunosuppression caused by HIV. KS-associated herpes virus (human herpes virus 
8, KSHV) has been identified as the causative agent."  

"There are marked geographic differences in the prevalence of both KS and seropositivity 
to KSHV. The incidence of the tumor has shown a marked decline in first-world 
countries with the widespread use of effective antiretroviral therapy," wrote S. Jessop and 
colleagues, University of Cape Town, Department of Medicine.  

http://www.springerlink.com/content/m5pcwu3e9bl5/


The researchers concluded: "The most effective anthracycline is pegylated liposomal 
doxorubicin; however, few developing countries, where KS prevalence is highest, can 
afford to use these agents." (Dermatologic Clinics. HIV-associated Kaposi's sarcoma. 
Dermatologic Clinics, 2006;24(4):509-20, vii). I believe that doxorubicin is an agent 
which utilizes EMODs as a tumoricidal mechanism of kill.  This illustrates the fact 
that high EMOD levels are necessary for the killing of neoplasia and of the HIV 
virus. 

1.8.0.0  The NOX family of NADPH oxidases 
 
For a long time, superoxide generation by an NADPH oxidase was considered as an 
oddity only found in professional phagocytes. Over the last years, six homologs of the 
cytochrome subunit of the phagocyte NADPH oxidase were found: NOX1, NOX3, 
NOX4, NOX5, DUOX1, and DUOX2. Together with the phagocyte NADPH oxidase 

itself (NOX2/gp91phox), the homologs are now referred to as the NOX family of NADPH 
oxidases. These enzymes share the capacity to transport electrons across 
the plasma membrane and to generate superoxide and other 
downstream reactive oxygen species (ROS). Activation mechanisms and tissue 
distribution of the different members of the family are markedly different. The 
physiological functions of NOX family enzymes include host defense, posttranlational 

processing of proteins, cellular signaling, regulation of gene expression, and cell 
differentiation. NOX enzymes also contribute to a wide range of pathological processes. 
NOX deficiency may lead to immunosuppresion, lack of otoconogenesis, 
or hypothyroidism. Increased NOX actvity also contributes to a large number or 

pathologies, in particular cardiovascular diseases and neurodegeneration. This 
review summarizes the current state of knowledge of the functions of NOX enzymes in 
physiology and pathology (The NOX Family of ROS-Generating NADPH Oxidases: 
Physiology and Pathophysiology. Karen Bedard and Karl-Heinz Krause. Physiol. Rev. 
87: 245-313, 2007). 
  
There exists a curious link in the mechanism of action of many chemotherapeutic agents 
and antimalarials.  I believe that they are linked at the redox and EMOD level and act via 
oxidative mechanisms.   
 
There is a connection between HIV/AIDS, immunosuppression, steroid effects, recurrent 
infections, neoplasia, diabetes and decreased EMOD production. 
 
Investigators published new data in a report "HIV-associated Kaposi's sarcoma." 
According to recent research in the journal Dermatologic Clinics, "Kaposi's sarcoma 
(KS) is a multifocal vascular tumor that occurs most commonly in patients who have 
immunosuppression caused by HIV. KS-associated herpes virus (human herpes virus 
8, KSHV) has been identified as the causative agent."  

"There are marked geographic differences in the prevalence of both KS and seropositivity 
to KSHV. The incidence of the tumor has shown a marked decline in first-world 



countries with the widespread use of effective antiretroviral therapy," wrote S. Jessop and 
colleagues, University of Cape Town, Department of Medicine.  

The researchers concluded: "The most effective anthracycline is pegylated liposomal 
doxorubicin; however, few developing countries, where KS prevalence is highest, can 
afford to use these agents." (Dermatologic Clinics. HIV-associated Kaposi's sarcoma. 
Dermatologic Clinics, 2006;24(4):509-20, vii). I believe that doxorubicin is an agent 
which utilizes EMODs as a tumoricidal mechanism of kill.  This illustrates the fact 
that high EMOD levels are necessary for the killing of neoplasia and of the HIV 
virus. 

1.8.0.1  Forms of preconditioning 
 
I believe that exercise, resistance to infections, preconditioning and immunization share 
oxidative commonalities and that they are all forms of preconditioning. I believe that 
hypoxia is a cardinal feature of disease “allowance,” not because of deficient levels of 
ground state oxygen, but because of insufficient levels of electronically modified oxygen 
derivatives (EMODs).  In this book I present the various stages responsible for hypoxia, 
i.e., pre- intra- and post-pulmonary.  Many pathological conditions of altered cardiac 
function, erythrocyte levels, hemoglobin levels, oxygen saturation, etc. can be associated 
with this condition of disease “allowance.”   
 
I believe that the answer to this query lies at the heart of oxygen metabolism 
biochemistry, especially as it relates to electronically modified oxygen derivatives 
(EMODs). This book discusses in detail theses interrelationships and presents 
considerable data in support of my theory of EMOD insufficiency syndrome disease 
associations.  My work has now progressed to the point whereby I can see a disease 
entity and fairly accurately predict the participation of EMODs or a deficiency thereof in 
the manifestation of that specific disease.  Predictability is the bedrock of the scientific 
method. 
 
To say the least, this has been challenging work but it has been incredibly exciting to 
participate in the discovery of new paradigms of disease causation and prevention.  
 
Examples of EMOD insufficiency and the “allowance” of diseases, in support for my 
Unified theory, are widespread and numerous.  
 
1.8.0.2  Skin cancer, oxygen and EMODs 
 
Take for example skin cancer.  I can list numerous features with lower oxygen and 
EMOD levels and which increase the incidence or risk of developing skin cancer:  
age, burned or scarred skin, a weakened immune system, or living at high altitudes.  
Remember that the skin has the lowest levels of oxygen in the body and has one of 
the highest rates of cancer.  Also, adipose tissue, which is hypoxic, has very high 
levels of tumor formation and a link to diabetes, arthritis, cataract formation, 
Alzheimer’s disease, etc. 



 
1.8.0.3  Lipomas  

The following data was obtained at the emedicine website and was accessed on 7/11/08.  
Lipomas are benign tumors composed of mature fat cells. They are the most common 
benign mesenchymal tumor. These are the most common form of soft tissue tumor.  
Lipomas are found in the subcutaneous tissues and, less commonly, in internal organs.  
Solitary lipomas are seen predominately in women. Multiple lipomas occur more 
frequently in men and men are affected 4 times as often as women.  Lipomas can occur at 
any age; however, they usually arise in early adulthood and are rare in children and 
infants.  They occur in about 1% of the population.  The patient's history often includes 
excessive alcohol consumption or diabetes and this could be another example of disease 
clustering or coexisting, as it relates to an EMOD insufficiency.  Other conditions 
associated with Madelung disease include malignant tumors of the upper airways, 
hyperuricemia, obesity, renal tubular acidosis, peripheral neuropathy, and liver disease.   

Lipomas histologically resemble normal fat. When completely excised, a thin fibrous 
capsule surrounding the aggregate of adipocytes may be seen. Without a clinical or gross 
description, it often is impossible to distinguish between tumor cells and mature 
adipocytes.  The same hypoxic conditions would be expected in this fatty structure as 
is found in normal adipose tissue. 

Lipomas differ biochemically from normal mature fat. Lipomas have increased levels of 
lipoprotein lipase.  More than half of lipomas encountered by clinicians are subcutaneous 
in location.   

1.8.0.4  High altitude and overall disease risk 
 
High altitude exposure and/or aviator status correlate significantly with cancerous 
conditions of the skin, testicles, bladder, and thyroid based upon a comprehensive 
literature review and survey of governmental sources. Other lesser significantly 
associated conditions include leukemia, lymphosarcoma, and Hodgkin's disease. 
Although radiation and sunlight are strongly associated with cancer incidence and risk at 
high altitudes, other intervening variables, such as lowered oxygen levels, are reasonable 
etiologic factors (Med Hypotheses 1991 Mar;34(3):288).  I believe that this observation 
strongly supports my overall theory on disease manifestation and aging. 
 
US researchers concluded that higher altitudes may increase the risk for 
atherosclerotic cardiovascular disease.  A study in Saudi Arabia demonstrated 
that populations living at higher altitudes have a higher prevalence of 
hypertension, CAD, diabetes mellitus, and tobacco smoking than populations 
living at lower altitudes. Another study in Saudi Arabia showed that serum cholesterol, 
LDL-C, hematocrit, and obesity were more prevalent in high-altitude populations 
than in low-altitude populations, and blood pressure was significantly higher in 
highlanders compared with lowlanders. Another study in Saudi Arabia reported that men 
and women who were 45 years old and above living at high altitude had a significantly 



higher risk of developing hypertension compared with those living at sea level (Medscape 
General Medicine.  2006;8(4):28.).   

Moderate altitude is defined as 5,000-10,000 feet above sea level. Migration in the United 
States to the western mountain states has increased the number of children living at 
moderately high altitudes. In isolated geographic areas of the world adaptation to altitude 
has occurred over multiple generations. However, the population living in the United 
States is genetically mixed and has a varied response to the added stress of altitude-
induced hypoxia.  

As the altitude increases, the barometric pressure decreases. This fall in the barometric 
pressure affects the partial pressure of available oxygen. The percentage of oxygen 
remains stable at about 21%. At sea level, the partial pressure of oxygen available in the 
environment is equal to 0.21 times the barometric pressure (760 mm Hg), or 159 mm Hg. 
After saturation with water and expired CO2, the partial pressure of alveolar O2 (PAO2) is 
103 mm Hg. The decrease in barometric pressure with increasing altitude results in 
a fall in the PAO2. The PAO2 decreases from 103 mm Hg at sea level to 81 mm Hg in 
Denver, Colo (5,280 ft, 1,610 m), and 48 mm Hg at the top of Pikes Peak (14,110 ft, 
4,300 m). In mountain areas popular with vacationers, such as Leadville, Colo (10,200 ft, 
3,100 m), the PAO2 is 61 mm Hg.  

The chronic hypoxia associated with moderate altitudes can affect the fetus. Birth 
weights are smaller, uterine blood flow is decreased, placental morphology may be 
different, and the incidence of prematurity and pregnancy-induced hypertension is 
increased at higher altitudes. Maternal smoking at high altitudes can have an additive 
effect. Travel by pregnant women from a low to a high altitude and vice versa has the 
potential to initiate premature labor caused by the changing barometric pressures on the 
amniotic sac. No difference in hematocrit levels has been reported in neonates born at 
higher altitudes compared with those born at sea level; however, elevated neutrophil 
counts at higher altitudes have been reported (eMedicine website). Additionally, an 
increased frequency of delayed closure of the ductus arteriosus occurs. 

Other chronic diseases that may be affected adversely by altitude include sickle cell 
disease and cystic fibrosis. 

1.8.0.5 Aging and high altitude living 
 
Women who live at high altitudes are likely to age faster, research suggests. 
Scientists drew their conclusions after finding lower concentrations of hormones, which 
are important for maintaining health and youthfulness, in women living in the 
mountainous areas of Peru (BBC News. Saturday, 27 April, 2002). A team led by Dr 
Gustavo Gonzales studied the hormone levels of 210 women living at above 4,000 metres 
in the Peruvian Andes.  

For comparison they looked at a control group of 170 women of similar age and ethnic 
origin who lived at just 150m above sea level, in the Peruvian capital Lima. They found 



DHEA levels in mountain-living women aged between 60 and 70 were only at about 40% 
of the levels found in the control group.  

Dr Gonzales said: "It's known that women living at high altitude are more 
susceptible to disease, and tend to die earlier. Our findings show that changes in the 
levels of these hormones with age seem to be associated with both maturation and aging, 
and that where you live affects this.”  

In conclusion, high altitude can positively or negatively affect a range of 
diseases, including circulatory and pulmonary disease, and diabetes.  The 
literature has studies supporting both sides of this argument. 
 
COPD symptoms will worsen at altitude with additional increased risk of infections. 
 
I wonder if signs and symptoms of altitude hypoxia are similar to signs of hypoxia 
resulting from other conditions such as obesity, cardiopulmonary disease, etc.  Also, 
I wonder if altitude hypoxia could be used as a form of preconditioning for strokes 
and heart attacks.  Overall, the observation that the hypoxia of higher altitudes 
increases risk of disease is consistent with my unified theory, in that, lower oxygen 
levels leads to EMOD insufficiency, which allows for the manifestation of many 
diseases and aging. 
 
1.8.1.0  Malaria, chloroquine and EMODs 
 
Malaria is a serious, sometimes fatal, disease that mainly affects the warm regions of 
developing countries such as Africa, Southeast Asia, South and Central America. Malaria 
is caused by  protozoan parasites of the genus Plasmodium and transmitted by the female 
Anopheles mosquitos when they feed on infected blood. Plasmodium parasites are highly 
sensitive to oxidative stress during their intraerythrocytic life stage as they consume 
hemoglobin inside their food vacuoles and generate toxic haem moieties and reactive 
oxygen species (ROS).  
 
Antimalarial drugs, such as chloroquine and artemisinin, treat malarial 
infection by increasing the oxidative stress inside the infected 
erythrocytes and thus killing the parasites. Furthermore, red blood cell (RBC) 
disorders like sickle cell anemia cause enhanced oxidative stress in Plasmodium-infected 
erythrocytes and confer a certain degree of resistance to malarial infection, suggesting 
that an increase in free radical production impairs the infection (Hadzic T. Malaria 
and Reactive Oxygen Species: The Dance of Death. 2005. Free Radicals in Biology and 
Medicine. Univ. of Iowa Student paper). 
 
Many drugs used to treat malaria exert their function primarily by increasing 
oxidative stress in parasite-infected erythrocytes. Antimalarial drugs include 
chloroquine, primaquine, artemisinin and xanthones (Becker K, Tilley L, Vennerstrom 
JL, Roberts D, Rogerson S, Ginsburg H. (2003) Oxidative stress in malaria parasite-
infected erythrocytes: host-parasite interactions. Int J Parasitol. 34:163-189).  



 
The ability of antimalarial drugs to alter the oxidative status of parasitized host 
erythrocytes suggests that free radicals play an important role in malaria pathogenesis but 
certainly are not causative. 
 
Like all aerobic organisms, malaria parasites generate reactive oxygen species 
(ROS) as by-products of their metabolism. Because of their high metabolic rate as the 
rapidly growing and constantly multiplying parasites, Plasmodium parasites 
generate very large quantities of toxic redox-active metabolites, which can lead to 
oxidative stress. Previous studies have shown that malaria parasites are most sensitive to 
oxidative stress during their erythrocytic life stages (Hunt NH, Stocker R. (1990) 
Oxidative stress and the redox status of malaria-infected erythrocytes. Blood Cells. 
16:499-526) (Simoes AP, van den Berg JJ, Roelofsen B, Op den Kamp JA. (1992) Lipid 
peroxidation in Plasmodium falciparum-parasitized human erythrocytes. Arch Biochem 
Biophys. 298:651-657).  
 
This is not surprising since the host cells also produce ROS, thus adding to the overall 
burden of the parasites. Malaria parasites live in ROS-rich environment that contains the 
key prerequisites for formation of ROS via the Fenton reaction. 
 
Chloroquine, for instance, functions by inhibiting FP IX detoxification. Primaquine  
and artemisinin are thought to react with heme moieties forming 
cytotoxic radicals. Xanthones interfere with haemozoin formation.  Since malaria 
parasites clearly possess an active respiratory chain it is essential for SOD-2 to remove 
the superoxide anions that have leaked from the chain and, in doing so, allegedly prevent 
damage to the parasite. Please remember that SOD produces H2O2. 
 
Plasmodium parasites also contain a thioredoxin superfamily member unique only 
to them called plasmoredoxin. Plasmoredoxin is thought to function by reducing 
ribonucleotide reductase. Trx especially seems to be essential for parasite survival 
because knockout studies of thioredoxin reductase have proven to be lethal for P. 
falciparum.  I believe that the antioxidant thioredoxin keeps the EMOD levels low 
enough for survival of the parasite and that knockout studies of Trx show that high 
EMOD levels are indeed cytotoxic and parasiticidal. 
 
Parker and colleagues (Parker PD, Tilley L, Klonis N. (2004) Plasmodium falciparum 
induces reorganization of host membrane proteins during intraerythrocytic growth. 
Blood. 103:2402-2406) demonstrated that haemichrome accumulation and aggregation of 
erythrocyte band 3 occur on the inner surface of the infected RBCs, suggesting that the 
host erythrocytes are severely damaged by oxidative stress. These modifications 
resembled those observed in RBCs of humans with RBC disorders, such as sickle cell 
anemia and glucose-6-phosphate dehydrogenase deficiency.  
 
It was proposed that enhanced oxidative stress was responsible for these transformations.  
Surprisingly, RBC disorders and glucose-6-phosphate dehydrogenase deficiency limited 
the severity of malarial infection by conferring a degree of resistance to Plasmodium. 



Two theories were proposed to explain this apparent paradox. According to one theory, 
enhanced oxidative stress within the parasitized erythrocytes slows the growth rate 
of parasites and impairs the infection. Alternatively, malaria-infected erythrocytes are 
detected by the host immune system at an early stage of the infection so that oxidative 
stress is kept low and parasitemia under control. Both theories implicate ROS as the two-
edged sword for Plasmodium parasites. They inevitably produce ROS during normal 
aerobic respiration yet are highly sensitive to increased ROS production, including ROS 
generated by the infected host cells. It is likely that Plasmodium parasites are sensitive 
to increased oxidative stress because they are not fully equipped to combat excessive 
free radical production since they lack the antioxidant redox systems used by higher 
organisms. Based on these observations it was possible to formulate the hypothesis on the 
relationship between ROS and malaria.  
 
Malarial infection is caused by Plasmodium parasites with the Anopheles mosquito as the 
vector of the disease. The complex life cycle of malaria probably does not involve ROS 
species, which are produced by the parasites as a necessary by-product of metabolism. 
Plasmodium most likely uses its antioxidant defenses to survive inside the host 
erythrocytes. I believe that this shows that antioxidants can be harmful in patients 
with malaria and block prooxidant protection.  Further, it appears that the high 
levels of EMODs in malaria patients renders the pathogen more sensitive to further 
increases in EMOD levels, just as was seen in cancerous growths.  Thus, increased 
oxidative capacity and increases of EMODs is an effective way of controlling or 
curing malaria.  Likewise, an EMOD deficiency would “allow” for parasitic growth 
and proliferation.   
 

 

 

 

Against rheumatoid arthritis, chloroquine operates by inhibiting lymphocyte 
proliferation, phospholipase A, release of enzymes from lysosomes, release of reactive 
oxygen species from macrophages, and production of IL-1.   

As an antiviral agent, it impedes the completion of the viral life cycle by inhibing some 
processes occurring within intracellular organelles and requiring a low pH. As for HIV-1, 
chloroquine inhibits the glycosylation of the viral envelope glycoprotein gp120, which 
occurs within the Golgi apparatus. 
 
1.8.1.1  Artemisinin and chloroquinine increase EMODs 

Artemisinin is another antimalaria drug and it has other therapeutic applications.  
Artemisinin is under early research and testing for treatment of cancer. Artemisinin has 
a peroxide lactone group in its structure. It is thought that when the peroxide comes 
into contact with high iron concentrations (common in cancerous cells), the molecule 
becomes unstable and releases reactive oxygen species. It has been shown to reduce 
angiogenesis and the expression of vascular endothelial growth factor in some tissue 
cultures.  

When the parasite that causes malaria infects a red blood cell, it consumes hemoglobin 
and liberates free heme, an iron-porphyrin complex. The iron reduces the peroxide 
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bond in artemisinin generating high-valent iron-oxo species, resulting in a cascade 
of reactions that produce reactive oxygen radicals which damage the parasite 
leading to its death.  A 2005 study investigating the mode of action of artemisinin using 
a yeast model demonstrated that the drug acts on the electron transport chain, generates 
local reactive oxygen species, and causes the depolarization of the mitochondrial 
membrane (Li et al., PLOS Genetics, September 2005, Volume 1, Issue 3). 
  
1.8.1.2  Tying together factions of the Howes EMOD insufficiency syndrome 
 
Some of the following was abstracted, excerpted or modified from:  Today’s Top 
Research News website on 11/27/06. This article was prepared by Obesity & Diabetes 
Week editors from staff and other reports. Copyright 2006, Obesity & Diabetes Week via 
NewsRx.com. 
 
In findings published in a recent issue of Cell Metabolism, researchers at Washington 
University School of Medicine in St. Louis and St. Jude Children's Research Hospital in 
Memphis, Tenn. report that a small dose of the malaria drug chloroquine 
eased many symptoms of metabolic syndrome in mice - reducing blood 
pressure, decreasing hardening and narrowing of the arteries and 
improving blood sugar tolerance.  
 
"We just received funding for a clinical trial, and we're very excited to see if the 
processes activated by chloroquine can effectively treat one of the most common health 
problems of modern industrialized society," said senior author Clay F. Semenkovich, 
MD, professor of medicine and of cell biology and physiology at Washington University. 
"We already know that chloroquine is safe and well-tolerated, and our mouse results 
suggest we may only need very low and perhaps infrequent doses to achieve similar 
effects in humans." 

Scientists know relatively little about metabolic syndrome, which is linked to a range of 
symptoms that include obesity, insulin resistance, high blood pressure, low levels of good 
cholesterol and high blood sugar levels. The number of adults and children with the 
condition is rising sharply in industrial countries, and diagnoses are also increasing in 
developing countries like India and China as they adopt Western standards of living.  

Researchers elsewhere proposed recently that high doses of the anti-aging molecule 
resveratrol might similarly treat obesity and metabolic syndrome. However, it is 
unclear if such high doses are safe, and scientists know relatively little about how 
resveratrol is easing symptoms. I believe that its activity is related to its prooxidant 
properties. 

1.8.1.3  Malaria drug (chloroquine) promising against cancer 

A common anti-malaria drug called chloroquine can also prevent the development 
of certain types of human cancers in mice, a U.S. study finds.  The finding may help 
lead to new kinds of cancer treatments, researchers say. 



Scientists at The Scripps Institute and St. Jude's Children's Research Hospital found that 
chloroquine, which has been in use since 1946, blocked Burkitt lymphoma, a 
cancer of the lymphatic system, and ataxia telangiectasia (A-T), a rare 
immunodeficiency disease that predisposes people to cancer, especially leukemia 
and lymphoma. 

The study was published online Dec. 20, 2007 by the Journal of Clinical Investigation 
and will appear in the January 2008 print edition.  "Our study shows that chloroquine 
inhibits the final steps of a pathway that is required for tumor cell survival and 
effectively eliminates cancer cells in mouse models that replicate human tumors," 
John Cleveland, chairman of the department of cancer biology at Scripps' campus in 
Jupiter, Fla., said in a prepared statement. 

"The fact that the drug attacks premalignant cells, and cells that overexpress transcription 
factor MYC, a notorious contributor to tumorigenesis that is implicated in more than 70 
percent of all cancers, makes the use of this drug very attractive for chemoprevention 
and cancer treatment," he said. 

I believe that this is again an example of EMOD protection against pathogens, such 
as malaria (antimalarial and amebicide) and cancer, such as Burkitt’s lymphoma.  
Prooxidant protection appears to be all important for maintenance for health 
homeostasis. 

Chloroquine is also used to treat sarcoidosis and its granulomas.  Hydroxychloroquine 
has less risk of visual impairments.   

1.8.1.4  Antimalarial EMODs 

Some of the following was excerpted, modified or abstracted from:  Phagocyte-Derived 
Reactive Oxygen Species Do Not Influence the Progression of Murine Blood-Stage 
Malaria Infections. S.M. Potter et al. Infection and Immunity, August 2005, p. 4941-
4947, Vol. 73, No. 8. 

Malaria is an enormous health, social, and economic burden for over 40% of the world's 
population. More than half a billion people are infected with malaria each year, and 
many of these infections result in chronic parasitemia and anemia. It is believed that 
phagocytic cells such as monocytes are important in the clearance of the blood-stage 
parasite. However, the mechanism by which monocytes and other phagocytic cells affect 

killing of the parasite is as yet unknown.  

Phagocytic leukocytes are able to engulf bacteria, fungi, or antigens within a phagocytic 
vacuole (phagosome). The formation of the vacuole leads to the activation of the enzyme 
NADPH oxidase, present in a dormant state in all phagocytic leukocytes. NADPH 
oxidase is involved in the generation of the superoxide anion (·O2

–) by the addition of an 
electron to oxygen. Superoxide and its derivatives such as hydrogen 
peroxide (H2O2) and ·OH, which collectively are referred to as reactive 



oxygen species (ROS), are released into the phagosome and are essential 
in the killing of the ingested pathogen (Karupiah, G., N. H. Hunt, N. J. King, and 
G. Chaudhri. 2000. NADPH oxidase, Nramp1 and nitric oxide synthase 2 in the host 
antimicrobial response. Rev. Immunogenet. 2:387-415) (Verhoeven, A. J. 1997. The 
NADPH oxidase: lessons from chronic granulomatous disease neutrophils. Ann. N. Y. 
Acad. Sci. 832:85-92). 

Electron transport in NADPH oxidase is mediated by a membrane-bound 

flavocytochrome b (b558), a heterodimer. An essential component of the flavocytochrome 
is the ß subunit, termed gp91phox. The gp91phox–/– mouse does not express the 

flavocytochrome b558 complex and thus lacks NADPH oxidase activity. The 
phagocytic leukocytes of these mice therefore are unable to generate ROS and to kill 
various infectious agents.  

It has long been appreciated that intraerythrocytic forms of malaria parasites are exposed 
to oxidative stress and that increasing oxidative stress is inimical to their growth and 
survival. For example, it has been proposed that increased generation of ROS in abnormal 

erythrocytes from people with genetically determined hemoglobinopathies inhibits the 
growth of malaria parasites and may be responsible for the preservation in human 
populations of these otherwise apparently deleterious traits. Furthermore, malaria 

parasites grow poorly in vitamin E-deficient mice (Eaton, J. W., J. R. Eckman, E. 
Berger, and H. S. Jacob. 1976. Suppression of malaria infection by oxidant-sensitive host 
erythrocytes. Nature 264:758-760). I find this a curiosity. 

ROS-generating systems kill murine malaria parasites in vitro (Buffinton, 
G. D., N. H. Hunt, W. B. Cowden, and I. A. Clark. 1986. Malaria: a role for reactive 
oxygen species in parasite killing and host pathology, p. 201-220. In C. Rice-Evans (ed.), 
Free radicals, cell damage and disease. Richelieu Press, London, United Kingdom) 
(Dockrell, H. M., and J. H. L. Playfair. 1983. Killing of blood-stage murine malaria 
parasites by hydrogen peroxide. Infect. Immun. 39:456-459) (Dockrell, H. M., and J. H. 
L. Playfair. 1984. Killing of Plasmodium yoelii by enzyme-induced products of the 
oxidative burst. Infect. Immun. 43:451-456)  

and in vivo (Clark, I. A., W. B. Cowden, N. H. Hunt, L. E. Maxwell, and E. J. Mackie. 
1984. Activity of divicine in Plasmodium vinckei-infected mice has implications for 
treatment of favism and epidemiology of G-6-PD deficiency. Br. J. Haematol. 57:479-
487) (Clark, I. A., and N. H. Hunt. 1983. Evidence for reactive oxygen intermediates 
causing hemolysis and parasite death in malaria. Infect. Immun. 39:1-6) (Clark, I. A., N. 
H. Hunt, W. B. Cowden, L. E. Maxwell, and E. J. Mackie. 1984. Radical-mediated 
damage to parasites and erythrocytes in Plasmodium vinckei-infected mice after injection 
of t-butyl hydroperoxide. Clin. Exp. Immunol. 56:524-530)  

and kill Plasmodium falciparum in vitro (Berman, P. A., L. Human, and J. A. 
Freese. 1991. Xanthine oxidase inhibits growth of Plasmodium falciparum in human 
erythrocytes in vitro. J. Clin. Investig. 88:1848-1855) (Clark, I. A., W. B. Cowden, and 
G. A. Butcher. 1983. Free oxygen radical generators as antimalarial drugs. Lancet i:234) 



(Marva, E., M. Chevion, and J. Golenser. 1991. The effect of free radicals induced by 
paraquat and copper on the in vitro development of Plasmodium falciparum. Free Radic. 
Res. 12-13:137-146) (Wozencraft, A. O., H. M. Dockrell, J. Taverne, G. A. T. Targett, 
and J. H. L. Playfair. 1984. Killing of human malaria parasites by macrophage secretory 
products. Infect. Immun. 43:664-669).  

Just as I had envisioned an I.V. drip of peroxide and hypochlorous acid to generate 
singlet oxygen to dissolve in sity plaques, I envision that such a drip would 
ultimately cleanse the blood of parasites, due to the fact that the blood would 
circulate passed a central venous catheter tip every minute.  As the singlet oxygen 
was eluted from the tip, all RBCs and parasites in their immediate vicinity would be 
cleansed.  Likely, this procedure would have to be repeated on a regular basis to 
keep the level of parasites in a tolerable range, just as would occur with the 
HIV/AIDS virus.  All of this was described in my patent application of 2001.  

The possibility that phagocyte-derived ROS are involved in the host antimalarial immune 
response has been investigated only indirectly in past studies. Leukocytes from mice and 
humans infected with malaria show an increased ability to generate ROS. I believe that 
this represents the body’s natural response to infection, even with parasites.   

Leukocytes stimulated with malaria parasites in vitro generate ROS, and in some 
cases this has been linked to damage to the parasites in human (Golenser, J., M. 
Kamyl, A. Tsafack, E. Marva, A. Cohen, N. Kitrossky, and M. Chevion. 1992. 
Correlation between destruction of malarial parasites by polymorphonuclear leucocytes 
and oxidative stress. Free Radic. Res. 17:249-262) (Kharazmi, A., S. Jepsen, and B. J. 
Andersen. 1987. Generation of reactive oxygen radicals by human phagocytic cells 
activated by Plasmodium falciparum. Scand. J. Immunol. 25:335-341) (Ockenhouse, C. 
F., S. Schulman, and H. L. Shear. 1984. Induction of crisis forms in the human malaria 
parasite Plasmodium falciparum by gamma-interferon-activated, monocyte-derived 
macrophages. J. Immunol. 133:1601-1608) and murine systems. 

1.8.1.5  Killing of blood-stage murine malaria parasites by hydrogen peroxide  

Both nonlethal Plasmodium yoelii and lethal Plasmodium berghei were 
killed in vitro by hydrogen peroxide at concentrations as low as 10–5 M. 
Higher concentrations were required in the presence of added normal erythrocytes. 
Injection of hydrogen peroxide in vivo significantly reduced P. yoelii parasitemia but 
had less effect on P. berghei (Killing of Blood-Stage Murine Malaria Parasites by 
Hydrogen Peroxide. Hazel M. Dockrell and John H. L. Playfair Hazel M. Dockrell and 
John H. L. Playfair. Infect Immun. 1983 January; 39(1): 456-459). I believe that this is 
the basis for invitro EMOD treatment of malaria.  I firmly believe that prooxidant 
capacity can be adjusted such that parasite growth and proliferation can be stopped 
or controlled.  
 

 
They have shown elsewhere that serum containing "tumor necrosis factor," a product 
of activated macrophages, can kill blood-stage malaria parasites in vitro and in vivo 



(Taverne, J., P. Depledge, and J. H. L. Playfair. 1982. Differential sensitivity in vivo of 
lethal and nonlethal malarial parasites to endotoxin-induced serum factor. Infect. Immun. 
37:927-934).  
 
They now present evidence that hydrogen peroxide, which can also be released by 
macrophages, is effective against murine blood-stage malaria at concentrations 
which might occur naturally. They used four rodent parasites chosen for their 
various degrees of virulence: Plasmodium chabaudi and Plasmodium yoelii 17X, which 
give self-resolving infections in mice; a stable lethal variant of P. yoelii 17X, which kills 
mice within 14 days but against which vaccination is protective; and Plasmodium berghei 
(ANKA), fatal to mice within 18 days and relatively resistant to vaccination. Infections 
were established with 104 parasitized erythrocytes injected intravenously. 
 

 

Briefly, parasitized blood containing approximately 104 parasitized erythrocytes and 5 x 
105 uninfected erythrocytes was incubated in 1-ml volumes of N-2- 
hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES)- buffered RPMI 1640 
containing 10% fetal calf serum in 24-well Linbro plates. Additional washed normal 
mouse erythrocytes were added to some cultures to give final erythrocyte concentrations 
of 5 X 106, 5 X 107, and 5 x 108 per ml. Appropriate dilutions of hydrogen peroxide 
(20 volumes; 6% [wt/vol]; Hopkin & Williams) or distilled water (control) were added to 
give final peroxide concentrations ranging from 10-6 to 4 x 10-2 M. There is an inverse 
relationship between the time taken to reach a given parasitemia and the log dose of 
viable parasites injected. When hydrogen peroxide was added to the cultures at 
concentrations of from 10-2 to 10-4 M, all the parasites were killed, and no parasites 
grew in the recipient mice. With the nonlethal P. yoelii, the addition of various numbers 
of normal erythrocytes improved parasite survival and reduced the effect of hydrogen 
peroxide; nevertheless, even in the presence of 5 x 108 added erythrocytes, there was 
detectable killing with 10-2 M peroxide. P. berghei appeared to be equally or more 
susceptible. 
 
Hydrogen peroxide was also effective against parasites in vivo. Intravenous injection of 
1 mg, the highest dose which caused the mice no visible distress, on day 5 or 6 of 
infection resulted in a significant reduction of parasitemia 2 h later, and a second 
injection led to a further fall. CBA and (BALB/c x C57BI) Fl mice gave identical 
results, but not all the parasites were equally susceptible, P. chabaudi and the lethal P. 
yoelii being the most and P. berghei the least affected. The maturity of the host 
erythrocyte could be a major influence on susceptibility to hydrogen peroxide. However, 
the nonlethal P. yoelii, also restricted to reticulocytes, appeared to be relatively 
susceptible; thus, another possibility is that parasite species differ in their production 
of catalase or other antioxidants, such as have been found in the intracellular 
protozoan Toxoplasma gondii (Murray, H. W., C. F. Nathan, and Z. A. Cohn. 1980. 
Macrophage oxygen-dependent antimicrobial activity. IV. Role of endogenous 
scavengers of oxygen intermediates. J. Exp. Med. 152:1610-1624) and in mycobacteria 
differing in their susceptibility to hydrogen peroxide. 



CBA or (BALB/c x C57BI) Fl mice were injected intravenously with 104 of the parasites 
indicated. Five days later, they were injected intravenously twice with either 1 mg of 
hydrogen peroxide (0.25 ml of a 1/16 dilution of 20 volumes of hydrogen peroxide 
[6% (wt/vol); Hopkin & Williams]  or with 0.25 ml of phosphate-buffered saline. 
Injections were at 0 and 2 h, as indicated by arrows in the lower left panel, and the 
percentage of infected erythrocytes was counted at 0, 2, and 4 h on Giemsa-stained tail 
blood smears. The values plotted are the geometric means ± 1 standard error of groups of 
four to nine mice. Two separate experiments are shown for each species of parasite. With 
the exception of P. berghei, all the hydrogen peroxide groups showed a significant 
drop in parasitemia from 0 to 4 h, whereas the 4-h values are significantly below those 
of the control groups (P < 0.005) when assessed by Student's t test. 
 
It is possible that the hydrogen peroxide acts by making the microenvironment of the 
erythrocyte inhospitable for the parasite (i.e., by altering the hemoglobin), but it does not 
seem to have a detectable effect on erythrocyte numbers as measured by hematocrit 
levels (unpublished data).  I believe that this observation is of extreme importance 
for clinical application. 
 
In one experiment with repeated injections of hydrogen peroxide, it was 
possible to keep a P. chabaudi parasitemia significantly below control 
values for at least 3 days, and in another, three of five mice given 
hydrogen peroxide on day 5 eventually recovered from the uniformly 
lethal P. yoelii. However, we have not been able to induce rapid elimination of 
infection. Of course, it is likely that even this relatively large amount of hydrogen 
peroxide is rapidly inactivated by endogenous catalase (e.g., from erythrocytes and that 
only a proportion of the parasites in the blood are exposed to toxic levels. 
 
Hydrogen peroxide released from macrophages or neutrophils in vivo would be expected 
to be most effective in sites at which the parasite and the cells come into close contact, 
such as the sinusoids of the liver or the spleen. Liver macrophages are activated during 
malaria infections, as measured by secretion of plasminogen activator (H. M. Dockrell 
and J. H. L. Playfair, submitted for publication), and can respond to infection with 
Leishmania by giving an oxidative burst (J. Y. Channon and J. M. Blackwell, personal 
communication). Moreover, peritoneal cells induced with fetal calf serum during a 
malaria infection show spontaneous secretion of hydrogen peroxide (unpublished 
results). Liver macrophages, as well as those in other sites, extensively phagocytose 
parasitized erythrocytes, as seen by intracellular pigment; thus, it is possible that this acts 
as a trigger for an oxidative burst, similar to agents like Phorbol myristate acetate used in 
vitro. 
 
An effect of parenteral hydrogen peroxide has also been shown in a 
tumor system; 8 mg administered intraperitoneally was able to kill 
more than 90% of P338 lymphoma cells (Nathan, C. F., and Z. A. Cohn. 1981. 
Antitumor effects of hydrogen peroxide in vivo. J. Exp. Med. 154:1539-1553). 
 



 It has been calculated that 106 activated macrophages can release about 2 nmol of 
hydrogen peroxide per min (Nathan, C. F., and R. K. Root. 1977. Hydrogen peroxide 
release from mouse peritoneal macrophages. J. Exp. Med. 146:1648-1662), so that, at a 
rough estimate, the macrophages in the mouse liver during malaria, which number at 
least 108, could release some 200 nmol (6 ,ug) of hydrogen peroxide per min. Taking into 
account that in sites such as the microenvironment of the spleen or the liver, the 
inhibition by erythrocyte catalase might be relatively less efficient than in the 
bloodstream, it is evident that the concentrations shown here to be toxic (less than 1 
,ug/ml in vitro are not beyond attainment in vivo, and we propose that hydrogen 
peroxide is in fact a possible contributor to the destruction of at least some species of 
malaria parasite. From the point of view of vaccination against this disease, it is 
encouraging that activation of macrophages, for example, by specific T cells, can 
increase their output of hydrogen peroxide (Jackett, P. S., P. W. Andrew, V. R. Aber, 
and D. B.Lowrie. 1981. Hydrogen peroxide and superoxide release by alveolar 
macrophages from normal and BCG-vaccinated guinea pigs after intravenous challenge 
with Mycobacterium tuberculosis. Br. J. Exp. Pathol. 62:419-4287), whereas the presence 
of specific antibody has been shown to facilitate the lysis of target cells by hydrogen 
peroxide (Nathan, C., and Z. Cohn. 1980. Role of oxygen-dependent mechanisms in 
antibody-induced lysis of tumor cells by activated macrophages. J. Exp. Med. 152:198-
208). They are currently investigating the susceptibility of both human and mouse 
malaria parasites to in vitro systems generating hydrogen peroxide and other 
intermediates during the oxidative burst, as well as the production of such factors by 
resident tissue macrophages during murine malaria infections. 
 
I believe that this simple experiment emphasizes the importance of high levels of 
EMODs, especially hydrogen peroxide, in killing malaria parasites and tumor.  
These facts again support my ROSI syndrome and UTOPIA theory of prooxidant 
protection. 
 

1.8.1.6  A chain of connections 

In contrast, the surprising chain of connections that led to the possibility of using 
chloroquine also has provided a fairly detailed sense for how the drug may be helping. 
That chain starts with a link between insulin and a protein known as ATM. Normally 
involved in the response to stress and repair of DNA, ATM is mutated in the rare genetic 
disorder ataxia-telangiectasia (AT). Individuals with this disease have markedly 
increased risk of tumors, immunological problems and severe progressive 
deterioration of a part of their brain that controls muscle function and coordination. 

In the present study, the Washington University/St. Jude team demonstrated that the 
ATM enzyme is important for many of the beneficial effects of insulin and that loss of 
ATM worsens blood sugar control, high blood pressure and atherosclerosis.  

"Our studies of ATM demonstrate how investigating the causes of rare diseases at a 
molecular level can contribute to understanding the mechanisms of more common 



diseases and point the way to new treatment options for those diseases," said Michael 
Kastan, MD, PhD, director of the Cancer Center at St. Jude.  I believe that this is exactly 
the course I have taken in establishing the EMOD insufficiency syndrome. 

Kastan's laboratory discovered how ATM is activated in response to DNA damage. Six 
years ago, they were investigating an unusual type of diabetes that can occur in children 
with AT when they discovered that insulin can activate ATM. This observation led to 
studies in the Semenkovich lab showing the importance of ATM in metabolic syndrome. 
When the Kastan lab discovered that chloroquine can activate ATM, it provided a 
potential treatment intervention, the success of which is reported in this paper.  

Prior studies done elsewhere had suggested that loss of one copy of the gene for ATM, a 
condition that could be present in one in every 50 to 100 people, increases risk of 
coronary artery disease and heart attack. The Kastan and Semenkovich labs found 
reduced ATM levels created a condition like metabolic syndrome in mice fed a high-
fat diet and given a genetic predisposition to heart disease. Symptoms included increased 
insulin resistance and atherosclerosis and higher levels of a signaling molecule that 
activates a class of immune defensive cells known as macrophages.  

"The data are starting to suggest that some of the metabolic dysfunctions triggered by 
obesity may be linked to the inflammatory responses that go awry in autoimmune 
disorders like arthritis," notes Semenkovich. "Chloroquine is sometimes used to treat 
autoimmune conditions like lupus and arthritis. Our studies provide further evidence 
for links between oxidative stress, inflammatory processes and common human diseases 
such as type 2 diabetes."  I have been linking cancer, diabetes, arthritis, malaria, 
obesity and cataracts for many years.  However, unlike those that speculate that 
EMODs are causative of these diseases, I believe that these diseases are “allowed” to 
be manifested because of an EMOD insufficiency. 

At low doses, chloroquine moderated many of the symptoms of metabolic syndrome in 
several mouse models of metabolic syndrome and type 2 diabetes. (Please refer to my 
book entitled, Diabetes and Oxygen Free Radical Sophistry, (c) 2006) Researchers are 
still determining the exact details of how chloroquine and insulin signal through ATM, 
and those details could lead to additional treatment options for these disorders. I feel 
strongly that they signal via EMODs. 

A pilot clinical trial at Washington University using low dose chloroquine in patients 
with symptoms of metabolic syndrome is showing promising results. A broader 
therapeutic trial that involves a year of low-dose chloroquine treatment will get under 
way soon.  

Semenkovich said, "We're also looking into the possibility of screening for the loss of 
one copy of ATM in humans that unknowingly puts many at increased risk of heart attack 
and diabetes, and are planning studies in animals to see if chloroquine can help reduce 
this risk." 



1.8.1.7  Chloroquine increases EMOD production 
 
Chloroquine is a well known antimalarial. 
 
Chloroquine may evoke inflammatory responses in the central nervous system by 
inducing expression of pro-inflammatory cytokines by astroglial cells. Chloroquine 
increased the intracellular level of reactive oxygen species (ROS) in a dose- and 
time-dependent manner by human astroglial cells, but not by monocytic/microglial 
cells. Results collectively suggest that chloroquine generates ROS, which is responsible 
for NF-KB activation and subsequent expression of pro-inflammatory chemokines in 
human astroglial cell (Reactive oxygen species mediate chloroquine-induced expression 
of chemokines by human astroglial cells. J. Park et al. Glia. 2004, vol. 47(1), pp. 9-20). 
 

 

However, another study suggests that chloroquine decreases ROS production.  
Generation of reactive oxygen species (ROS) by blood monocytes and Kupffer cells of 
normal and Plasmodium berghei infected mice treated at different levels of parasitaemia 
with chloroquine, were studied. Cells isolated at lower level of parasitaemia (less than 
2%) produced ROS within the range of normal animals, whereas ROS production by the 
cells isolated from the animals at higher level of parasitaemia (greater than 20%), was 
significantly higher even without stimulation with latex particles. The ROS generation 
capacity of both normal and infected animals was less after the chloroquine 
treatment. This inhibitory effect of chloroquine may be beneficial in protecting the host 
from the adverse effect of reactive oxygen species by controlling their overproduction 
(Reactive oxygen species generation by Kupffer cells and blood monocytes of mice 
infected with Plasmodium berghei and the chloroquine treatment. R.N. Prasad et al. Jpn J 
Exp Med. 1990 Feb;60(1):1-4). 

Plasmodium berghei ANKA infected C57B1/6 mice develop cerebral malaria at a 
parasitaemia of 15-25%. After artemether or chloroquine treatment, the ROI 
production was significantly enhanced. These findings suggest that increased 
production of ROI and RNI after chemotherapy may play a protective role for the host 
during malaria (Upregulation of reactive oxygen and nitrogen intermediates in 
Plasmodium berghei infected mice after rescue therapy with chloroquine or artemether. J. 
Prada et al. J Antimicrob Chemother. 1996 Jul;38(1):95-102). I believe that the EMOD 
enhancement is the reason that chloroquine is showing positive results in reversing 
the metabolic syndrome, malaria and cancer. 
 
1.8.1.8  More and smaller RBCs protect against malaria 
 
Children with an inherited blood disorder called alpha thalassemia make unusually 
small red blood cells that mostly cause a mild form of anemia. Now, researchers have 
discovered that this disorder has a benefit it can protect children against one of the 
world's greatest killers, malaria, according to a new study.  "We made the surprising 
finding that packaging your hemoglobin in smaller amounts in more cells is an advantage 
against malaria," says Karen Day, Ph.D., Professor and Chairman of the Department of 
Medical Parasitology at NYU School of Medicine, who led the research with colleagues 



at the University of Oxford. Hemoglobin is the oxygen-carrying protein in red blood 
cells. 
 
The new research shows how children with a mild form of alpha thalassemia are 
protected against life-threatening malarial anemia. The study, published in the March 
2008 issue of the journal PLoS Medicine, proposes an answer to a biological puzzle that 
first emerged more than 50 years ago. 
 
Some 800 children living in Papua, New Guinea, participated in the study. Malaria is 
endemic in Papua New Guinea and 68 percent of children living there have alpha 
thalassemia. Dr. Day and her then-Ph D. student Freya J.I. Fowkes, and colleagues from 
the University of Oxford, Papua New Guinea Institute of Medical Research, and Swansea 
University, show that an attack of severe malaria causes the loss of one-third to one-
half of the total number of red blood cells, which number in the trillions per liter of 
blood.  
 
Children with mild alpha thalassemia tolerated this massive loss because they 
started out with 10 to 20 percent more red blood cells than unaffected children. 
 
"It is really remarkable and so simple. Children with alpha thalassemia have adapted to 
the loss of red blood cells associated with malarial disease by making more of these cells 
with less hemoglobin," says Dr. Day. "So, these children do better because they 
end up with more hemoglobin overall when they have a malaria attack 
compared to normal children," says Dr. Day.  I believe that this is directly related to 
providing a sufficient oxygen level, such that adequate EMODs are available to kill  
the malarial parasite.  Also, if the Fenton reaction is involved for the increased 
production of EMODs, the increased iron-containing hemoglobin would also 
enhance EMOD generation. 
 
Malaria has been a scourge for thousands of years. The parasite causing the disease 
spends part of its life inside human red blood cells, which are eventually destroyed. 
Severe anemia occurs in some children with malaria when blood cell loss leads to 
hemoglobin levels of less than 50 grams per liter.  Malaria afflicts hundreds of millions of 
people, causing up to 2 million deaths every year in Africa and Asia. Many of its 
victims are young children. In regions of the world where malaria is endemic, mutations 
have arisen in human populations that allow people to survive. Sickle cell trait, for 
example, protects against malaria. 
 
Nearly sixty years ago the renowned evolutionary biologist J.B.S.Haldane postulated 
that the thalassemias were common in human populations because they protected 
against malaria. Alpha thalassemia is common in Asia, the Mediterranean and 
Melanesia where malaria is or was prevalent. In the mid 1990s researchers working on 
the north coast of Papua New Guinea proved that children with mild alpha thalassemia, 
who inherit mutations in the "alpha" part of hemoglobin genes from each parent, were 
protected against malaria. These children were 60 percent less likely to get severe 
malarial anemia than normal children, however the mechanism of such protection was 



unclear. 
 
"We show that alpha thalassemia is giving the child a hematological advantage by 
making more red blood cells.  According to the National Human Genome Research 
Institute, part of the National Institutes of Health, most individuals with alpha thalassemia 
have milder forms of the disease, with varying degrees of anemia. The most severe form 
of alpha thalassemia, which mainly affects individuals of Southeast Asian, Chinese and 
Filipino ancestry, results in fetal or newborn death. 
 
1.8.1.9  Malaria and singlet oxygen 
 
Some of the following was excerpted, modified or abstracted from:  J. Chil. Chem. Soc., 
48, N 4 (2003) ISSN 0717-9324.  Quantum yield of singlet oxygen by antimalarial drugs.   
 
Detection of singlet molecular oxygen, O2(1� 

g), by phosphorescence emission, � = 1270 
nm, following laser excitation was employed to measure the quantum yield of O2(1� 

g) 
generation by the antimalaric drugs quinine, quinacrine, chloroquine and primaquine in 
several organic solvents. The same method was employed to measure total rate constants, 
kT, for quenching (physical and chemical) of O2(1�g) by the antimalaric drugs. All drugs 
studied sensitize singlet oxygen formation in organic media. Quinine was the most 
efficient sensitizer in the four solvents employed. Three of the drugs under study, 
quinine, quinacrine and chloroquine, produced efficiently singlet molecular oxygen in 
ethanol. Also, the antimalaric drugs are relatively efficient quenchers of singlet oxygen. 
Values of kT range from (0.63 � 0.02) x 107 M-1 s-1 for primaquine in hexane to (17.1 � 
0.30) x 107 M-1 s-1 for primaquine in acetonitrile. Data obtained show that undesirable 
adverse cutaneous and ocular side effects associated to the malaria treatments with these 
drugs could be related at least partially to their ability to produce singlet molecular 
oxygen in particular if the drug is present in low polarity microenvironments in biological 
systems. 

Malaria, which is caused by four different kinds of mosquito transmitted plasmodium 
(protozoan) parasites, is one of the worst diseases in humans. There are death estimations 
of about 1.5 to 2.7 million people killed by this parasite every year. Another 300 to 500 
million people have the disease, resulting in incalculable loss of productivity (Butler, D., 
(1997), Nature, 386, 535).  

For centuries quinine was the only drug employed for the treatment of malaria. 
From early 1900, great interest in the development of synthetic antimalarials has been 
devoted because of the undesirable side effects of quinine and the appearance of 
quinine resistant strain of malarial parasites. Quinacrine was the first synthetic 
antimalarial, introduced in the thirties, and due to the demands caused by the Second 
World War, syntheses and testing of new molecules greatly increased. From these 
studies, a number of useful compounds, such as chloroquine, primaquine, 
mefloquine, and amodiaquine, have been employed in the treatment of malaria. 
Most synthetic antimalarials have pharmacological activities in addition to those for 
malaria. Consequently, some of them have been used, with several degrees of success, 
in the treatment of other medical diseases unlike malaria, including lupus 



erythematosus, polymorphous light eruption, cutaneous lymphoma, rheumatoid 
arthritis, etc (Tonnesen, H.H., Kristensen, S., and Nord, K., (1996) In The Phostability of 
Drugs and Drugs Formulations, H.H. Tonnesen Ed., Taylor & Francis, Washington 
D.C.).  I believe that this shows the commonality of reactivity of EMODs in the 
treatment of varying diseases, including many included in my ROSI syndrome, such 
as cancer, arthritis, etc. 

Most synthetic antimalarials derived from quinoline possessed undesirable 
photosensitizing properties that produce phototoxic side effects both in the skin and the 
eye (Spikes, J.D., (1998), J. Photochem. Photobiol. B:Biology, 42, 1.).  

Cutaneous and ocular effects that may be caused by light include changes in the skin 
pigmentation, corneal opacity, cataract formation and other irreversible retinal damage 
(retinopathy) leading to blindness (Tonnesen, H.H., Kristensen, S., and Nord, K., (1996) 
In The Phostability of Drugs and Drugs Formulations, H.H. Tonnesen Ed., Taylor & 
Francis, Washington D.C.).  

The accurate mechanisms for these reactions in humans is unknown, although singlet 
molecular oxygen, O2(1∆g) and free radicals including superoxide/hydroperoxyl or 
peroxyl adduct, carbon-centered and nitrogen-centered radicals have been invoked as 
responsible for these phototoxic effects (Kristensen, S., Nord, K., Orsteen, A.-L., and 
Tonnesen, H.H., (1998), Pharmazie, 53, 98) (Motten, A.G., Martínez, L.J., Holt, N., Sik, 
R.H., Reszka, K., Chignell, C.F., Tonnesen, H.H., and Roberts, J.E., (1999) Photochem. 
Photobiol., 69,282).  

Singlet molecular oxygen (1∆ 
g) reactions are important in biological systems, where 

it can “allegedly” play deleterious (damaging valuable biomolecules) and/or 
beneficial roles (Briviba, K., Klotz, L.-O., and Sies, H., (1997), Biol. Chem., 378, 1259) 
(Hultén, L.M., Holmström, M., and Soussi, B., (1999), Free Radical Biol. Med., 27, 
1203).  

Then, the relevance of the singlet oxygen-mediated photosensitizing effects of the 
antimalarials will be related to the efficiency of the drug to produce O2(1∆g). Most 
determinations of quantum yields for singlet oxygen formation by antimalaric drugs have 
been carried out by Motten et al., in D2O at pD = 7. They found that in these conditions, 
mefloquine, quinine and amodiaquine photosensitize the production of singlet 
oxygen with quantum yields of 0.38, 0.36 and 0.011, respectively. The other 
antimalarials studied by Motten et al., primaquine, chloroquine, quinacrine and 
hydroxychloroquine, produce very low or undetectable levels of O2(1∆g). The same 
authors also measured the total rate constants for quenching singlet oxygen in D2O at pD 
= 7.4. On the basis of these values, they concluded that at least for primaquine, O2(1∆g) 
production is lowered by the efficient quenching process. On the other hand, a main 
characteristic of biological systems is their microheterogenity, resulting 
of several coexisting microphases, from the very polar aqueous 
microenvironment to the highly hydrophobic lipidic regions. Also it has 



been shown that several antimalarials form complexes with melanine in vitro. From zeta 
potential measurements, a proposition is made stating that only a small fraction of the 
bound drug is located at the melanin particle surface, and the greater part of the bounded 
drug is occluded deeper in the biopolymer probably due to favorable steric 
rearrangement. Then, quinine derivative antimalarials can accumulate in non-polar 
environments of melanine-rich tissues. Furthermore, no data have been reported thus far, 
regarding singlet oxygen quantum yields for antimalarials bounded to melanine, likely 
due to the complex nature of the solid melanine-drug adduct. A simple estimation of the 
phototoxic potential of antimalarials in media of different polarity than water at 
physiological pH can be obtained from measurements in a set of solvents of dissimilar 
characteristics.  

 

Fig. 1. Molecular structures of antimalaric drugs 

This work reports measurements of singlet oxygen quantum yields of several 
antimalarials in a set of selected solvents, employing time-resolved methods. Figure 1 
shows the structures of the studied compounds. In addition, measurements were 
performed of total quenching rate constants for singlet oxygen by the drugs. 

EXPERIMENTAL 

Singlet oxygen quantum yields (φ ∆ ) were determined in time-resolved experiments 
observing the IR luminescence of O2(1∆g) at 1270 nm. Time-resolved phosphorescence 
measurements were carried out in 1 cm path fluorescence cells. Quinacrine and 
primaquine were excited by the third harmonic (355 nm, ca. 18 mJ per pulse) of the 6-ns 
light pulse of a Quantel Brilliant Q-Switched Nd:YAG laser. In all the solvents, singlet 

http://www.scielo.cl/scielo.php?pid=S0717-97072003000400003&script=sci_arttext


oxygen quantum yields calculations for quinacrine and primaquine were made relative to 
perinaphtenone as the reference sensitizer. Quinine and chloroquine were excited with 
a PTI model PL-2300 nitrogen laser (337 nm, c.a. 6 mJ per pulse, 6-ns light pulse). 
The same experimental setup was employed to measure total rate constants for quenching 
O2(1∆g) by the antimalaric drugs. In these experiments, TPP and RB were employed as 
sensitizers in non-polar and polar organic solvents respectively. Both TPP and Rose 
Bengal were excited by absorption of the 500-ps light pulse of a PTI model PL-202 dye 
laser (419 nm or 556 nm, ca. 200 µJ per pulse). A PTI model PL-2300 nitrogen laser was 
used to pump the dye laser. 

RESULTS AND DISCUSSION. 

The UV-VIS spectra of the drugs studied in this work show that the position of the lower 
energy band is slightly dependent on solvent nature. In Table 1, the absorption maxima in 
several solvents are included.  

 

Table 1. Maxima of the lower energy absorption bands in the UV-VIS spectra of 
antimalaric drugs in several solvents.  

 

      λ max/nm  
 

Solvent  Quinine Quinacrine Chloroquine Primaquine 
n-Hexane  331  412  324  366  
Benzene  332  414  328  368  
Acetonitrile 332  414  332  364  
Ethanol  332  416  333  364  

Methanol  332  418  333  362  
 

Direct evidence of O2(1∆ 
g) generation by antimalarials was demonstrated by the detection 

of O2(1∆ 
g) phosphorescence emission, λmax= 1270 nm, following laser excitation. This 

method is much more reliable than the indirect trapping method with 
diphenylisobenzofuran or the detection of IR luminescence of singlet oxygen in steady 
state experiments. Initial singlet oxygen luminescence values were dependent on 
antimalaric drug concentration, in the range of absorbances employed from 0.125 to 
0.275. Furthermore, these values were dependent on the laser power, which was 
attenuated by intercalating a sodium nitrite solution with transmittances between 20% 
and 100%. Data collected in Table 2 correspond to φ ∆ values extrapolated to zero laser 

http://www.scielo.cl/scielo.php?pid=S0717-97072003000400003&script=sci_arttext
http://www.scielo.cl/scielo.php?pid=S0717-97072003000400003&script=sci_arttext


power and concentration zero of the drug. Data in D2O at pD = 7.4 were reported 
previously.  

 

Table 2. Quantum yields, φ ∆ , for the O2(1∆ 
g) formation by antimalarials 

photosensitization in several solvents.  

 

      φ ∆  
 

Solvent  Quinine Quinacrine Chloroquine Primaquine  
n-Hexane  0.43 ± 

0.01  
0.078 ± 
0.013  

0.034 ± 
0.002  

0.006 ± 
0.002  

Benzene  0.33 ± 
0.01  

0.076 ± 
0.009  

0.044 ± 
0.003  

0.010 ± 
0.003  

Acetonitrile  0.34 ± 
0.05  

0.083 ± 
0.013  

b  

D2O, pD = 
7.4a  

a Data from reference 9.  

0.011 ± 
0.002  

Ethanol  0.44 ± 
0.01  

0.142 ± 
0.005  

0.146 ± 
0.008  

0.003 ± 
0.001  

0.36  0.013 < 0.005  <0.005 

 

Data in Table 2 show that all drugs sensitize singlet oxygen formation in organic media. 
Quinine was the most efficient sensitizer in the four solvents employed. This result agrees 
with a previous finding of Motten et al.10 who evaluated the generation of singlet oxygen 
by Quinine in D2O at pD = 7.4 by measuring the O2(1∆ 

g) luminescence in a steady-state 
condition. The main mechanism of singlet oxygen generation by quinine probably 
involves a triplet-triplet annihilation by interaction of 3Σg state of oxygen and the low 
lying excited triplet of quinine. In laser flash photolysis experiments we detected, at least 
in benzene under nitrogen, a transient absorption with λmax = 432 nm. 

I believe that the main point is that these varied Antimalarials are capable of 
generating singlet oxygen.  I believe that the phototoxic side effects of the drugs can 
be avoided by using the system described in my patent application for dissolving 
arteriosclerotic plaques by infusion with a catheter into a centra vein.  
Combinations of hydrogen peroxide and hypochlorous acid to produce short lived 
singlet oxygen would obviate the phototoxic problems. 
 
1.8.2.0   Phototoxic side effects of malarial drugs 

http://www.scielo.cl/scielo.php?pid=S0717-97072003000400003&script=sci_arttext


 
Most drugs used in the treatment of malaria produce phototoxic side effects in both the 
skin and the eye. Cutaneous and ocular effects that may be caused by light include 
changes in skin pigmentation, corneal opacity, cataract formation and other visual 
disturbances including irreversible retinal damage (retinopathy) leading to blindness. The 
mechanism for these reactions in humans is unknown. We irradiated a number of 
antimalarial drugs (amodiaquine, chloroquine, hydroxychloroquine, mefloquine, 
primaquine and quinacrine) with light (A > 300 nm) and conducted electron 
paramagnetic resonance (EPR) and laser flash photolysis studies to determine the 
possible active intermediates produced. Each antimalarial drug produced at least one EPR 
adduct with the spintrap 5,5-dimethyl-1-pyrroline N-oxide in benzene: 
superoxide/hydroperoxyl adducts (chloroquine, mefloquine, quinacrine, amodiaquine and 
quinine), carbon-centered radical adducts (all but primaquine), or a nitrogen-centered 
radical adduct only (primaquine). In ethanol all drugs except primaquine produced some 
superoxide/hydroperoxyl adduct, with quinine, quinacrine, and hydroxychloroquine also 
producing the ethoxyl adduct. As detected with flash photolysis and steady-state 
techniques, mefloquine, quinine, amodiquine and a photoproduct of quinacrine produced 
singlet oxygen (phi^sub Delta^ = 0.38; phi^sub Delta^ = 0.36; phi^sub Delta^ = 0.011; 
phi^sub Delta^ = 0.013 in D^sub 2^O, pD7), but only primaquine quenched singlet 
oxygen efficiently (2.6 x 10^sup 8^s M^sup -1^ s^sup -1^ in D^sub 2^O, pD7). Because 
malaria is a disease most prevalent in regions of high light intensity, protective 
measures (clothing, sunblock, sunglasses or eye wraps) should be recommended 
when administering antimalarial drugs (Photophysical studies on antimalarial drugs. 
Photochemistry and Photobiology,  Mar 1999. Motten, Ann G,  Martinez, Lydia J,  Holt, 
Nathan,  Sik, Robert H,  Et al). 
 
1.8.2.1 EMOD and cancer relationship:  overview 

In thermodynamical terms, oxygen is a very reactive molecule and, thus it can react with 
most chemical elements (all except the inert gases) and many organic molecules (most 
biological molecules).  In kinetic terms, O2 is rather inert.  Its reactivity can be 
augmented either by reduction or excitation.  After accepting four electrons, oxygen is 
ultimately reduced to water.  Partial reduction results in relatively more reactive 
intermediates, such as superoxide anion, H2O2 and the hydroxyl radical.  Singlet oxygen 
is the product of oxygen excitation.  Phagocytes (neutrophil leukocytes), acting like 
agents of nonspecific immunity, generate such reactive forms of O2 (Chemical bases of 
nonspecific immunity.  R.A. Muravev and V.V. Rogovin. Biology Bulletin of the Russian 
Academy of Sciences. Vol. 28, No. 3, May 6, 2001).   

Pathologic so called "oxidant stress," which is allegedly produced by a wide variety of 
conditions, such as drug-enhanced reactive oxygen metabolism, chronic inflammation, 
ischemia reflow, and exposure to environmental toxins, has traditionally been viewed as a 
form of toxic cell injury that may serve to initiate cell damage, repair, or death cascades 
(Slater AF, Nobel CS, Orrenius S. The role of intracellular oxidants in apoptosis. 
Biochim Biophys Acta 1995;1271:59–62).  

http://findarticles.com/p/articles/mi_qa3931
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Until recently, reactive oxygen metabolism was seen as synonymous with the potential 
for the development of tissue injury. Reactive oxygen formation was associated for many 
years with the cardiac toxicity of the anthracycline antibiotics and the site-specific 

oxidative metabolism of these drugs in cardiac sarcoplasmic reticulum and mitochondria 
(Doroshow JH. Effect of anthracycline antibiotics on oxygen radical formation in rat 
heart. Cancer Res 1983;43:460–72). 

Moreover, over the past decade, reactive oxygen production that is unrelated to 
known drug metabolism pathways and that usually occurs 6–48 hours following 

drug exposure, after cells have committed to a specific death pathway, has been 
demonstrated in tumors treated with a series of structurally dissimilar anticancer 
agents, including camptothecin, vinblastine, cisplatin, paclitaxel, cytarabine, and 
histone deacetylase inhibitors (Simizu S, Takada M, Umezawa K, Imoto M. 
Requirement of caspase-3(-like) protease-mediated hydrogen peroxide production for 
apoptosis induced by various anticancer drugs. J Biol Chem 1998;273:26900–7) (Ikeda 
K, Kajiwara K, Tanabe E, Tokumaru S, Kishida E, Masuzawa Y, et al. Involvement of 
hydrogen peroxide and hydroxyl radical in chemically induced apoptosis of HL-60 cells. 
Biochem Pharmacol 1999;57:1361–5).  

The mechanism(s) by which exposure to so many different cancer chemotherapeutic 
agents initiates reactive oxygen production is unclear. Developing an understanding of 
these mechanisms is an important area of current investigation, because the initiation of a 
common reactive oxygen cascade by such a wide variety of drugs questions our 

traditional classification of anticancer agents and the molecular targets that have been 
employed to build the classifiers used today.  

 

 

My point is that there exists a common 
apoptotic agent, namely EMODs.  

A broader, physiologic view of the role of reactive oxygen has also developed over the 
past decade (Burdon RH. Control of cell proliferation by reactive oxygen species. 
Biochem Soc Trans 1996;24:1028–32) (Finkel T. Redox-dependent signal transduction. 
FEBS Lett 2000;476:52–4).  

There is now little question that ROS, in particular H2O2, perform a critical role in cell 
signaling following the binding of essentially all receptor tyrosine kinase ligands 
(Bae YS, Kang SW, Seo MS, Baines IC, Tekle E, Chock PB, et al. Epidermal growth 
factor (EGF)-induced generation of hydrogen peroxide. Role in EGF receptor-mediated 
tyrosine phosphorylation. J Biol Chem 1997;272:217–21) (Junn E, Lee KN, Ju HR, Han 
SH, Im JY, Kang HS, et al. Requirement of hydrogen peroxide generation in TGF-beta 1 
signal transduction in human lung fibroblast cells: involvement of hydrogen peroxide and 
Ca2+ in TGF-beta 1-induced IL-6 expression. J Immunol 2000;165:2190–7) (Bae YS, 
Sung JY, Kim OS, Kim YJ, Hur KC, Kazlauskas A, et al. Platelet-derived growth factor-
induced H2O2 production requires the activation of phosphatidylinositol 3-kinase. J Biol 
Chem 2000;275:10527–31) (Mahadev K, Zilbering A, Zhu L, Goldstein BJ. Insulin-
stimulated hydrogen peroxide reversibly inhibits protein- tyrosine phosphatase 1b in vivo 
and enhances the early insulin action cascade. J Biol Chem 2001;276:21938–42).  



Furthermore, low levels of H2O2 are potent proliferative, rather than antiproliferative, 
signals that are essential for the trophic effects of a wide variety of cytokines (Lo YY, 
Wong JM, Cruz TF. Reactive oxygen species mediate cytokine activation of c-Jun NH2- 
terminal kinases. J Biol Chem 1996;271:15703–7).  This is why I say that an EMOD 
deficiency or insufficiency “allows” disease to manifest itself, such as cancer, 
because if there was a sufficiency of EMODs, apoptosis would control and block the 
development of neoplasia. According to an immunologist at St. Jude’s Hospital, it is 
estimated that the human body normally loses 1 million cells per second, which is a 
necessary and beneficial process. 
 
Finally, very recent evidence suggests that ROS production is essential for the growth of 
p53-deficient tumors in vivo (Sablina AA, Budanov AV, Ilyinskaya GV, Agapova LS, 
Kravchenko JE, Chumakov PM. The antioxidant function of the p53 tumor suppressor. 
Nat Med 2005;11:1306–13).  I do not believe that p53 is an antioxidant. 
These data are consistent with a large body of literature suggesting that the redox balance 
of many epithelial tumor cells favors an elevated oxidant set point, leading to a growth-
inhibitory effect of antioxidants in these tumors. I believe that the “elevated oxidant set 
point” allows” us to exploit the tumor cell’s sensitivity to increased EMOD levels 
and consequently, it requires only a small increase in EMOD levels to affect 
apoptotic changes in cancer cells, while sparing normal cells. 
 
1.8.2.2 A new path to progress----EMODs 
 
If we are going to beat cancer, we need a new path to progress (Scientific American, 
Dec. 2006).  I believe that I have spearheaded such a new path of originality. 
 
If the right amount of a tumoricidal agent does not make it to the tumor, then even 
substances with impressive credentials for killing tumor cells in a petri dish will not stand 
a chance of working in human patients. However, please remember that in vitro 
experiments can be terribly misleading.  Moreover, by utilizing my system, which 
delivers EMODs directly to the target, has the added benefit of avoiding the toxicity 
associated with systemic therapy. 

1.8.2.3 Association of pulmonary fibrosis to lung cancer 

Among individuals receiving chest X-rays as part of a lung cancer screening study, those 
with signs of scarring and pulmonary fibrosis had a two-fold increased risk of 
subsequently developing lung cancer. These results were published in the journal Chest 
(Pinsky PF, Freedman M, Kvale P, Oken M, Caporaso N, Gohagan J. Abnormalities on 
Chest Radiograph Reported in Subjects in a Cancer Screening Trial. Chest. 2006;130: 
688-693). 

Although cigarette smoking has long been established as the predominant cause of lung 
cancer, other risk factors have been identified, some acting to modify the lung cancer 
risks of smokers (Does Idiopathic Pulmonary Fibrosis Increase Lung Cancer Risk? J. M. 
Samet. Am. J. Respir. Crit. Care Med., Volume 161, Number 1, January 2000, 1-2).  



Idiopathic pulmonary fibrosis (IPF) has also been referred to as "cryptogenic fibrosing 
alveolitis."  Cigarette smoking not only causes fibrosis but it also produces carbon 
monoxide which forms carboxyhemoglobin and lowers circulating oxygen levels 
systemically.  I believe that this is the primary mechanism “allowing” the 
manifestations of smoking co-morbidities.   

Among other factors causing IPF are the presence of chronic lung diseases, including 
chronic obstructive pulmonary disease and fibrotic disorders asbestosis, silicosis, 
and idiopathic pulmonary fibrosis, and a past history of tuberculosis have also been 
linked to increased lung cancer risk in some studies (Tockman, M. S. 1994. Other host 
factors and lung cancer susceptibility. In J. M. Samet, editor. Epidemiology of Lung 
Cancer. Marcel Dekker, New York. 397-412). 

The hypothesis that diffuse fibrotic disorders of the lung are associated with increased 
lung cancer risk arose from clinical observations of the simultaneous finding at autopsy of 
lung cancer and asbestos (Gloyne, S. R.. 1935. Two cases of squamous carcinoma of the 
lung occurring in asbestosis. Tubercle 17: 5-10) and of lung cancer and pulmonary 
fibrosis (Spain, D. M. 1957. The association of terminal bronchiolar carcinoma with 
chronic interstitial inflammation and fibrosis of the lungs. 559-567) (Haddad, R., and D. 
Massaro. 1968. Idiopathic diffuse interstitial pulmonary fibrosis (fibrosing alveolitis), 
atypical epithelial proliferation and lung cancer. Am. J. Med. 45: 211-219). 

Epidemiologic studies involving follow-up of asbestos workers and persons with IPF 
have generally confirmed this hypothesis. In silica-exposed workers, those most at risk for 
lung cancer in association with this exposure have established silicosis (Smith, A. H., P. 
A. Lopipero, and V. R. Barroga. 1995. Meta-analysis of studies of lung cancer among 
silicotics. Epidemiol. 6: 617-624) and the presence of asbestosis is an indicator of 
increased risk as well.  

Please remember that all of these pulmonary conditions effectively decrease oxygen 
levels locally and systemically and that they are associated with chronic 
inflammation, which is pathogmnomonic of hypoxia. 

Increased lung cancer risk has also been described in persons with collagen vascular 

diseases causing pulmonary fibrosis, particularly progressive systemic scleredema. 
The concept of "scar carcinomas" has also been advanced, which attributes the origin of 
peripheral carcinomas to adjacent areas of scarring (Raeburn, C., and H. Spencer. 1953. A 
study of the origin and development of lung cancer. Thorax 8: 1-10) (Marchevsky, 
A. M. 1990. Surgical pathology of lung neoplasms. Marcel Dekker, Inc., New York. 158-
162).  Also, please remember that scars are areas of hypoxia, due to altered blood 
flow from the scarring process.  

This is an example of utilizing clinical data in an attempt to find an underlying 
condition or agent of causation.  In all of the above, hypoxia is a central element.  
Strands of scar stretch across the alveolar air sacs and block the passage of oxygen 



from the lungs into the blood.  Patients with this condition are in a state of oxygen 
deprivation and only slight exertion leaves them breathless. 

If there is an increased association between a disease and cancer it is useful to consider 
the possible explanations. In brief, one disease may increase the risk of the other either as 
a direct complication or as a result of the treatment given. Alternatively, the two disorders 
may share common risk factors. 

1.8.2.4  Emphysema and pneumonia increase lung cancer risk 

Individuals with a history of emphysema and pneumonia have an increased risk of 
developing lung cancer (Ramanakumar A, Parent M-E, Menzies D, Siemiatycki J. Risk 
of Lung Cancer Following Nonmalignant Respiratory Conditions: Evidence from Two 
Case-Control Studies in Montreal, Canada. Lung Cancer. 2006; 53: 5-12).  

1.8.2.5  Scleroderma increases lung cancer risk 

The first report linking cancer with scleroderma (Scl) was 50 years ago when a case of 
alveolar cell carcinoma was described (Zatuchni J, Campbell WN, Zarafonetis CJD. 
Pulmonary fibrosis and terminal bronchiolar carcinoma in scleroderma. Cancer 
1953;6:1147–58). 

 Since then there have been several further case reports and series linking Scl with cancer 
at various sites (Bielefeld P, Meyer P, Caillot D, Dalac S, Camus P, Tavernier C, et al. 
Systemic sclerosis and cancer: 21 new cases and review of literature. Rev Med Interne 
1996;17:810–13). The sites of cancer most frequently reported are the lung and breast 

(perhaps reflecting their prevalence in the general population), but cancers at other sites 
have also been reported.  

There is a report of an Australian population study on Scl and cancer. The authors 
showed a doubling in the risk of all cancers over an average six year follow up period, 
with the lung being the site at greatest risk. (Risk of cancer in patients with scleroderma. J 
E Pearson and A J Silman. Annals of the Rheumatic Diseases 2003;62:697-699).  

An alternative hypothesis is that immunosuppressive drugs used to treat Scl may 
predispose patients to cancer. There have been no studies to assess this, but there is 
evidence that immunosuppression, for example in those who have had a kidney 
transplant, may increase the risk of subsequent malignancy (Tremblay F, Fernandes 
M, Habbab F, Edwardes MDD, Loertscher R, Meterissian S. Malignancy after renal 
transplantation: incidence and role of type of immunosuppression. Ann Surg Oncol 
2002;9:785–8).  

Although there is no evidence that cancer itself increases the risk of Scl, there is reported 
evidence that some of the treatments used in cancer induce Scl or Scl-like reactions. Thus 
there have been reports of Scl-like skin after radiation therapy for breast cancer. In 
addition, there have been case reports of an Scl-like illness after the use of anticancer 



drugs, including docetaxel, paclitaxel, a combination of uracil and tegafur, bleomycin and 
carboplatin chemotherapy. A recent case report has reported the development of 
Raynaud’s phenomenon in a child after chemotherapy. By contrast there have also been 

reports of Scl remission during chemotherapy (Comer M, Harvey AR. Remission of 
scleroderma during chemotherapy for lymphoma. Ann Rheum Dis 1992;51:998–1000).  

The data suggesting a link between Scl and cancer are not overwhelming, but there is 
probably a modest increase in risk, particularly of lung cancer, in patients with diffuse 
disease and associated pulmonary fibrosis. The other explanation is that there are shared 
risk factors, either genetic or environmental, for the two diseases. 

1.8.2.6  Oxidative chemoprevention 

What cardiologists have known for a long time--that millions of lives can be saved 
through the prevention of heart disease--is just now gaining traction in the cancer field. 
The term "chemoprevention" was coined 30 years ago to refer to the administration of 
compounds to prevent cancer, but scientists did not gather nationally to debate cutting-
edge knowledge of cancer prevention until October 2002.  Today the pace is quickening 
as investigators are examining a diverse armamentarium of potential cancer-protective 
agents. But finding the proper dose of promising agents has always been challenging. 
Indeed, failure to do so proved disastrous for some early human trials of preventives. For 
example, in two large lung cancer prevention trials, people receiving high doses of the 
antioxidant nutrient beta-carotene had an unexpected increase in lung cancer 
incidence compared with placebo-treated control subjects.  

Vitamins A, D, E and K are fat soluble, meaning that they dissolve in fatty substances 
and fatty foods and that they get into your blood through the absorption of fats.  Fat 
soluble vitamins are also stored in the body fat.  If excessive doses of these vitamins are 
taken day in and day out, high levels can build up in the body.  An overload of vitamin A 
can lead to liver scarring and excess vitamin D can lead to elevated calcium blood levels.  
Large amounts of vitamin K can work against blood-thinning medicines like Coumadin 
and excess vitamin E may bring on heart failure.   A, C and E are well known so called 
antioxidants. 

Recently canine studies have helped define the dose of an antioxidant--the trace mineral 
selenium--that minimizes cancer-causing genetic damage within the aging prostate. The 
message from the dogs: when it comes to taking dietary supplements such as selenium to 
reduce your cancer risk, more of a good thing is not necessarily better. Elderly dogs given 
moderate doses ended up with less DNA damage in their prostates than dogs given lower 
or higher amounts. 

It turns out that most folks who live to be 100 die of disorders other than cancer. It 
appears that they have developed a type of cancer resistance.  However, I believe that it 
indicates that they have a high oxidative capacity, which protects them from cancer 
and which initiates apoptosis at a relatively low set point.   



In people, obesity and diets rich in animal fat are known to increase risk for colon cancer. 
In contrast, colorectal cancer in dogs is uncommon, even though many pet dogs are obese 
and consume a high-fat diet. 

The best science is done by asking good questions and then using the research tools most 
likely to yield meaningful answers. 

Several important issues regarding these results, in particular the authors' interpretation of 
the effect of antioxidants on tumor cells, require clarification. Although it has been 

recognized for many years that antioxidants, including NAC, can blunt the 
cytotoxicity of platinum-containing chemotherapeutic agents against 
both tumor cells and normal tissues, NAC itself allegedly has profound 

antiproliferative effects across a wide spectrum of tumor cell types.  
 
Therapeutic approaches to the modulation of oxidant-mediated growth control may be 
possible in the near future, perhaps with mangafodipir, an SOD mimetic and a contrast 
medium, or with other redox modulators in development. However, as this and other 
recent efforts demonstrate, a remarkable degree of variation in the redox status of current 
model systems exists, indicating that the optimal study venue for agents that target the 
intracellular oxidant milieu of tumors may well be early-phase clinical trials (Redox 
Modulation of Chemotherapy-Induced Tumor Cell Killing and Normal Tissue Toxicity. 
James H. Doroshow. Journal of the National Cancer Institute, Vol. 98, No. 4, 223-225, 
February 15, 2006). 

Apoptosis or programed cell death is a continuous process of destruction of 
nonfunctional cells. It is a physiologic process whereby the body disposes of unwanted 
cells by self-destruction and is our utmost defense against damaged cells. There 
are several pathways leading to programed cell death. Apoptosis is seen in failing, 
infarcted, and hibernating human hearts, and during open heart surgery. Apoptosis 
appears to be induced by myocardial ischemia-reperfusion injury and this is reduced by 
ischemic preconditioning. Antiapoptotic interventions may be a future target for 
myocardial protection (The basic biology of apoptosis and its implications for cardiac 
function and viability. Guro Valen. Ann Thorac Surg 2003;75:S656-S660).  

1.8.2.7  EMODs regulate neovascularization and VEGF release 

Neovascularization, the natural physiological process of formation of new blood vessels, 
is extremely important for ameliorating the function of the heart that undergoes ischemic 
stress. This process is potentially important for the treatment of ischemic heart and limb 
diseases, which includes formation of capillaries (angiogenesis) and collateral arteries. 
Ischemia or coronary artery occlusion induces vascular endothelial growth factor (VEGF) 
in the experimental rat myocardial infarction model, and this molecule encourages 
development of coronary collateral circulation and retention of the blood supply to the 
ischemic area. Restoration of the blood supply to the ischemic area prevents 
cardiomyocyte death and cardiac remodeling. Among the various triggers and enhancers 
of angiogenesis, hypoxic or ischemic preconditioning, as well as pharmacologic agents 



such as statin and resveratrol, have been identified as important stimuli for the induction 
of new vessel growth. It has already been demonstrated that the VEGF family and its 
receptor system is the fundamental regulator in the redox cell signaling of angiogenesis. 

Vascular endothelial growth factor (VEGF) is a potent angiogenic stimulus, the 
expression of which increases in skeletal muscle after exercise. Because exercise is also 
accompanied by increased intramuscular reactive oxygen species (ROS) generation, 
Kosmidou et al tested the hypothesis that ROS stimulate VEGF production from skeletal 

myotubes. Kosmidou et al concluded that ROS induce VEGF release from myotubes via 
a PI3K/Akt-dependent pathway (Reactive oxygen species stimulate VEGF production 
from C2C12 skeletal myotubes through a PI3K/Akt pathway. Ioanna Kosmidou et al. Am J 
Physiol Lung Cell Mol Physiol 280: L585-L592, 2001). 
 

 

 

 

Ushio-Fukai et al. showed that hydrogen peroxide (H2O2) activates the PI3K/Akt 
pathway in vascular smooth muscle cells (Ushio-Fukai, M, Alexander RY, Akers M, 
Yin Q, Fujio Y, Walsh K, and Griendling KK. Reactive oxygen species mediate the 
activation of Akt/protein kinase B by angiotensin II in vascular smooth muscle cells. J 
Biol Chem 274: 22699-22704, 1999). 
 
1.8.2.8 Oxygen desaturation predates atherosclerosis in OSA 

In my ebook entitled, Cardiovascular Disease and Oxygen Free Radical Mythology,” I 
stated my belief that EMODs are responsible for oxidizing microaggregates of plaque for 
excretion and are thus, of great importance in atherosclerosis prevention.  It has now 
been  shown that decreased levels of oxygen are related to increased intimal 
thickening and early onset of atherosclerosis.  The severity of oxygen desaturation 
appears to be one of the best predictors for carotid IMT and plaque occurrence in OSA 
(obstructive sleep apnea) patients without known cardiovascular disease. Thus, carotid 
IMT and plaque formation appeared as early cardiovascular consequences in OSA 
patients (The Severity of Oxygen Desaturation Is Predictive of Carotid Wall Thickening 
and Plaque Occurrence. Jean-Philippe Baguet et al. Chest. 2005;128:3407-3412). 

1.8.3.0   Tumor cell kill increased with H2O2 generating antioxidant mimetics 

Paradoxically, reactive oxygen species (ROS) can promote normal cellular proliferation 
and carcinogenesis, and can also induce apoptosis of tumor cells. In this report, 
investigators study the contribution of ROS to various cellular signals depending on the 
nature and the level of ROS produced. In nontransformed NIH 3T3 cells, ROS are at low 
levels and originate from NADPH oxidase. Hydrogen peroxide (H2O2), controlled by 
the glutathione system, is pivotal for the modulation of normal cell proliferation. In 
CT26 (colon) and Hepa 1-6 (liver) tumor cells, high levels of ROS, close to the threshold 
of cytotoxicity, are produced by mitochondria and H2O2 is controlled by catalase. N-
acetylcysteine, which decreases H2O2 levels, inhibits mitogen-activated protein kinase 

and normal cell proliferation but increases tumor cell proliferation as H2O2 concentration 
drops from the toxicity threshold. In contrast, antioxidant molecules, such as 
mimics of superoxide dismutase (SOD), increase H2O2 levels through 



superoxide anion dismutation, as well as in vitro proliferation of normal 
cells, but kill tumor cells. CT26 tumors were implanted in mice and treated by 
oxaliplatin in association with one of the three SOD mimics manganese(III)tetrakis(4-
benzoic acid) porphyrin, copper(II)(3,5-diisopropylsalicylate)2, or manganese 
dipyridoxyl diphosphate. After 1 month, the volumes of tumors were respectively 35%, 
31%, and 63% smaller than with oxaliplatin alone (P < 0.001). Similar data were gained 
with Hepa 1-6 tumors. In conclusion, antioxidant molecules may have opposite effects on 
tumor growth. SOD mimics can act in synergy with cytotoxic drugs to treat colon and 
liver cancers (Controlling Tumor Growth by Modulating Endogenous Production of 
Reactive Oxygen Species. A. Laurent et al. Cancer Research 65, 948-956, February 1, 
2005). This is supportive of my Unified theory and I have predicted for years that 
SOD acts in a prooxidant fashion. Also, I have pointed out the selective kill of 
varying concentrations of EMODs, while simultaneously sparing normal cells. 
 

 

 

1.8.3.1   Antioxidant SOD mimetic increases H2O2 production 

Mice that lack the mitochondrial form of superoxide dismutase (SOD2) incur severe 
pathologies and mitochondrial deficiencies, including major depletion of complex II, as a 
consequence of  buildup of endogenous reactive oxygen species (Melov, S., Coskun, P., 
Patel, M., Tuinstra, R., Cottrell, B., Jun, A. S., Zastawny, T. H., Dizdaroglu, M., 
Goodman, S. I., Huang, T. T., Miziorko, H., Epstein, C. J., and Wallace, D. C. (1999) 
Proc. Natl. Acad. Sci. U. S. A. 96, 846–851 and Li, Y., Huang, T. T., Carlson, E. J., 
Melov, S., Ursell, P. C., Olson, J. L., Noble, L. J., Yoshimura, M. P., Berger, C., Chan, P. 
H., Wallace, D. C., and Epstein, C. J. (1995) Nat. Genet. 11, 376–381). These problems 
can be greatly attenuated or rescued by synthetic antioxidant treatment, such as with the 
catalytic antioxidant EUK189 (Hinerfeld, D., Traini, M. D., Weinberger, R. P., Cochran, 
B., Doctrow, S. R., Harry, J., and Melov, S. (2004) J. Neurochem. 88, 657–667).  

Investigators have used heart mitochondria from sod2 null mice to better understand 
mitochondrial reactive oxygen species production both in the absence of SOD2 and 
following in vivo antioxidant treatment. Isolated heart mitochondria from 5-day-old sod2 
null animals respiring on the complex II substrate succinate exhibited statistically 
significant higher levels of mitochondrial  (157%, p < 0.01) but significantly less 
H2O2 (33%, p < 0.001) than wild type littermates. Treatment of sod2 nullizygous mice 
with EUK189 proportionately increased the levels of complex II and H2O2. Increased 
production of  resulting from complex II normalization had no effect on steady state 
levels due to the rapid conversion to H2O2, a process presumably aided by the presence of 
the EUK189, an SOD mimetic (Mitochondrial Reactive Oxygen Species in Mice Lacking 
Superoxide Dismutase 2. ATTENUATION VIA ANTIOXIDANT TREATMENT. Karl 
J. Morten, Brian A. C. Ackrell, and Simon Melov. J. Biol. Chem., Vol. 281, Issue 6, 
3354-3359, February 10, 2006). I believe that this work shows that both SOD and an 
SOD mimetic increase H2O2 levels and, in fact, act as prooxidants.  Thus, even the 
title of this paper is incorrect, in that SOD is not an antioxidant.  SOD generates a 
much stronger oxidant than superoxide, namely hydrogen peroxide. 
 
1.8.3.2  Peroxide-producing SOD reduces Ang-II vascular injury 



The goal of the present study was to test the hypothesis that the CuZn isoform of 
superoxide dismutase (CuZnSOD) protects against angiotensin II (Ang II)–induced 
endothelial dysfunction. Vascular responses of carotid arteries from control, CuZnSOD-
deficient (CuZnSOD+/–), and CuZnSOD transgenic mice were examined in vitro after 
overnight incubation with either vehicle or Ang II (1 or 10 nmol/L). In control mice, 
acetylcholine produced concentration-dependent relaxation that was not affected by 1 
nmol/L Ang II. In contrast, relaxation to acetylcholine in arteries from CuZnSOD+/– 
mice was markedly and selectively attenuated after incubation with 1 nmol/L Ang II (eg, 
100 µmol/L acetylcholine produced 93±6% and 44±15% relaxation in vehicle- and Ang 
II-treated arteries, respectively). A higher concentration of Ang II (10 nmol/L) selectively 
impaired relaxation to acetylcholine in arteries from control mice (eg, 100 µmol/L 

acetylcholine produced 96±4% and 45±7% relaxation in vehicle- and Ang II-treated 
vessels, respectively). In contrast, 10 nmol/L Ang II had no effect on responses to 
acetylcholine in carotid arteries from CuZnSOD transgenic mice (or in control mice 
treated with the superoxide scavenger Tiron [1 mmol/L]). Superoxide levels in control 
mice were higher in aorta treated with Ang II than with vehicle and were markedly 
reduced in CuZnSOD transgenic mice. These findings provide the first direct evidence 

that CuZnSOD limits Ang II-mediated impairment of endothelial function and that loss of 
1 copy of the CuZnSOD gene is sufficient to enhance Ang II-induced vascular 
dysfunction (Critical Role for CuZn-Superoxide Dismutase in Preventing Angiotensin II-
Induced Endothelial Dysfunction. Sean P. Didion; Dale A. Kinzenbaw; Frank M. Faraci. 
Hypertension. 2005;46:1147).  Again, I believe that this argues that the prooxidant 
SOD improves vascular function, contrary to the widely held belief that peroxide is 
harmful to the vascular wall.  
 
1.8.3.3  Heterozygous CuZn Superoxide Dismutase Deficiency Produces a Vascular 
Phenotype With Aging 
 
The goal of this study was to test the hypothesis that loss of a single copy of the gene for 
CuZn superoxide dismutase (CuZnSOD) increases vascular superoxide levels and 
produces vascular dysfunction with aging. Responses of carotid arteries from young (7 
months) and old (22 to 24 months of age) heterozygous CuZnSOD-deficient 

(CuZnSOD+/–) mice and their wild-type (CuZnSOD+/+) littermates were examined in 
vitro. Total superoxide dismutase activity in aorta was reduced by 30% (P<0.05) in 
CuZnSOD+/– mice compared with wild-type mice. Responses to acetylcholine (an 
endothelium-dependent agonist) produced relaxation that was similar (P>0.05) in carotid 
arteries from young wild-type, young CuZnSOD+/–, and old wild-type mice. In contrast, 
relaxation to acetylcholine was markedly impaired in old CuZnSOD+/– mice (eg, 100 
µmol/L acetylcholine produced 51±5% and 96±5% relaxation in vessels from old 
CuZnSOD+/– and old wild-type mice, respectively). This effect was selective, because 
relaxation to nitroprusside (an endothelium-independent agonist) was not affected by 
either CuZnSOD genotype or aging. The impaired response to acetylcholine in old 
CuZnSOD+/– mice was restored toward normal with either tempol (a scavenger of 
superoxide; 1 mmol/L) or PJ34 (an inhibitor of poly-ADP-ribose polymerase; 3 µmol/L). 
Vascular superoxide levels were increased in aorta in old CuZnSOD+/+ mice and 
increased further in CuZnSOD+/– mice with aging. These findings provide the first 



direct evidence that normal CuZnSOD expression protects endothelial 
function and that deficiency in a single copy of the gene that encodes CuZnSOD 
produces increases in superoxide and marked impairment of endothelial function with 
aging (Heterozygous CuZn Superoxide Dismutase Deficiency Produces a Vascular 
Phenotype With Aging. Sean P. Didion; Dale A. Kinzenbaw; Laura I. Schrader; Frank M. 
Faraci. Hypertension. 2006;48:1072).   
 

 

 

1.8.3.4     Overexpression SOD Increase Lifespan, no Decrease O2  Consumption 

A transgenic system ("FLP-out") based on yeast FLP recombinase allowed induced 
overexpression of MnSOD enzyme in adult Drosophila melanogaster. With FLP-out a 
brief heat pulse (HP) of young, adult flies triggered the rearrangement and subsequent 
expression of a MnSOD transgene throughout the adult life span. Control (no HP) and 
overexpressing (HP) flies had identical genetic backgrounds. The amount of MnSOD 
enzyme overexpression achieved varied among six independent transgenic lines, with 
increases up to 75%. Life span was increased in proportion to the increase in 
enzyme. Mean life span was increased by an average of 16%, with some lines showing 
30–33% increases. Maximum life span was increased by an average of 15%, with one 
line showing as much as 37% increase. 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. Cu/ZnSOD overexpression also 
increases mean and maximum life span. For both MnSOD and Cu/ZnSOD lines, 
increased life span was not associated with decreased metabolic activity, 
as measured by O2 consumption (Induced Overexpression of Mitochondrial Mn-
Superoxide Dismutase Extends the Life Span of Adult Drosophila melanogaster. Jingtao 
Sun, Donna Folk, Timothy J. Bradley, and John Tower. Genetics, Vol. 161, 661-672, 
June 2002). I believe that this shows that lifespan can be increased at a sustained 
level of EMOD production, as indicated by no reduction in O2 consumption.  Also, it 
shows that SOD is acting not by decreasing superoxide, but by increasing H2O2 
production. 
 
1.8.3.5 Hypoxic myoglobin-deficient animals remain robust 

Two intracellular scavengers of nitric oxide (NO) are: 1) superoxide dismutase (SOD) 
(SOD2) to scavenge intramitochondrial superoxide anion, and 2) cytosolic myoglobin 
(Mb) in the regulation of tissue O2 consumption. Myoglobin knockout (myo-/-) mice 
were previously reported to show no obvious phenotype but revealed several 
compensatory mechanisms that include increases in cardiac capillary density, coronary 
flow, and hemoglobin. Myo-/- and wild-type (WT) mice were exposed to hypoxia (10% 
O2) for 2 wks. Interestingly, hypoxia inducible factor-1  remained unchanged in both 
groups. This data thus demonstrate that myo-/- mice do not decompensate during 
hypoxic stress but are surprisingly well adapted. Changes in energy metabolism of fatty 

acids may contribute to the robustness of myoglobin-deficient mice (Adaptation of the 
myoglobin knockout mouse to hypoxic stress. Georg Schlieper et al. Am J Physiol Regul 



Integr Comp Physiol 286: R786-R792, 2004).  I believe that the robustness of these 
animals speaks volumes about increased EMOD levels and over all health. 
 
Metabolic Mechanisms of Stress Hyperglycemia:  I wonder if it is possible to increase 
EMOD levels on a temporary basis by inducing hyperglycemia for therapeutic purposes? 
 

1.8.4.0   High Levels Of Antibodies. Low Levels Of Cancer? 

Active immunization can stimulate the body to produce highly efficient IgE 
antibodies that attack tumors. This breakthrough, achieved in an animal model, is 
based on the skilful combination of two established experimental methods. The results 
are now being published in Cancer Research and are part of a project funded by the 
Austrian Science Fund FWF. The antibodies produced during the project belong to a 
class that also plays a key role in the development of allergic reactions. Consequently, the 
results will be a key focal point at the 1st International AllergoOncology Symposium, 
which is to be held today in Vienna, Austria. I believe that this is the result of the 
IgE antibodies ability to generate and act via EMODs. 
 
People who suffer from allergies are well acquainted with immunoglobulin E (IgE). It is 
this class of antibodies that plays a key role in causing an allergy sufferer's immune 
system to overreact. Oncologists too are very familiar with IgE. Numerous in-depth 
studies have shown that those with raised levels of IgE are much less 
likely to suffer from certain types of cancer. Or in other words allergy sufferers 
are at a lower risk of developing cancer. 
 
1.8.4.1  Inverse relationship of allergies and cancer  
 
"In actual fact, the IgE produced during an allergic reaction does not attack cancer 
tumours but instead attacks allergens, for example pollen", explains the study's leader, 
Prof. Erika Jensen-Jarolim, head of the Department of Pathophysiology at the Medical 
University of Vienna. "The fact that IgE nevertheless acts against tumors is more of a 
fortunate side-effect of the highly efficient characteristic of this antibody class. It was our 
aim to make this antibody class, which is typical for allergies, act directly against 
tumours. At the same time, we wanted to encourage the long-term production of IgE in 
the body by means of active immunisation." 
 
Prof. Jensen-Jarolim's group recently succeeded in achieving the latter active 
immunisation against certain types of tumor in mice. However, due to the selected 
type of immunisation (injection below the abdominal wall) the antibodies that were 
produced belonged to the IgG class. This type of antibody produces a much more limited 
and shorter-term effect against tumours than IgE antibodies.  

I do not believe that the class of antibody is crucial, since all antibodies appear to go 
through the EMOD generation phase, according to Barbior’s work. 



 
1.8.4.2  Via the stomach (food allergies) 

Prof. Jensen-Jarolim used one of her group's earlier successes achieved as part of another 
FWF project on food allergies to ensure that immunisation resulted in the intended 
activation of IgE. These findings prove that food proteins are effective in inducing IgE-
dependent immune reactions when they withstand the acidic environment of the stomach. 
 
Prof. Jensen-Jarolim's team therefore fed mice a peptide very similar to a tumor peptide 
while reducing acidification in the stomach, thereby hindering digestion of the peptide. 
As a result, a type of allergic reaction was triggered against this tumor-like peptide the 
mice produced tumor-specific IgE antibodies. The result is the world's first active IgE-
stimulating tumor vaccination. 
 
From Prof. Jensen-Jarolim's point of view, the publication of this work in Cancer 
Research comes at a the perfect time just as the 1st International AllergoOncology 
Symposium starts on 16th April, 2007 in Vienna. This symposium, which she initiated 
and organised, will be the first time that specialists from the U.K., France, Italy, Canada, 
Austria and the U.S. have been brought together to analyse and discuss the links between 
allergies and cancer. The topics under discussion range from the use of allergic reactions 
to treat cancer to the application of mimotopes for active immunisation against cancer 
tumors. By providing ongoing support for their work, the FWF has also helped establish 
this new medical field in Austria and on a global scale. 

This work is strongly supportive of my Unified theory. Also, the introduction of food 
allergies could be used in my combinatorial approach to increasing the oxidative 
capacity of the body to fight diseases, including cancer. 

1.8.4.3  Cancer outlook 2007 

The following interview was taken from: All Things Considered, January 17, 2007 · 

The National Cancer Institute alone will spend nearly $5 billion this year exploring 
treatments for cancer. Pharmaceutical companies are heavily invested, as are 
philanthropies. Allen Lichter, executive vice president and CEO of the American 
Society for Clinical Oncology, explains how these treatments affect the rate of deaths 
due to cancer.  
How big a role do therapies play in the decrease in cancer deaths? 
Over the past 30 years, the number of new drugs that are effective against cancer has 
skyrocketed. Not only do we have new therapies, but we recognize that they should be 
applied much earlier. So in the past, cancer chemotherapy was given to advanced disease 
patients, but now we realize these drugs are even more effective as part of the initial 
treatment. We also have better surgical techniques and better radiation techniques. All 
these help produce these changes. Yet, I believe that cancer is still winning and we 
desperately need new and innovative therapeutic regimens based on EMODs. 
 

http://www.npr.org/templates/rundowns/rundown.php?prgId=2


Where do you see the most progress?  
There has been slow and steady but critically important progress in breast cancer. We see 
improvements in prostate and colon cancer therapy. [We] are applying what we learn 
year after year to chip away at this.  
 
Are there other forms of cancer where progress has not been made?  
The one that comes to mind is pancreatic cancer, which is the fourth-leading cause of 
cancer death in the country. Most cases are discovered when they are far along, and we 
have not yet discovered important breakthroughs. 
 
Some cancer drugs cost tens of thousands of dollars and may only add a few weeks 
to life. Are these drugs worth the cost?  
Without question, these drugs will eventually be worth the cost. One could argue about 
[spending] tens of thousands of dollars for a few weeks, but the trials that show the 
effectiveness of these drugs are in advanced cancer patients, where a few weeks is 
sometimes quite a remarkable achievement. I think eventually many of these drugs 
will be used early on with very life-prolonging effects. The high cost will be more than 
justified. 
 
In these treatments is there sometimes a trade-off between living longer and living 
better?  
That's an important question. In the past, the side effects of therapies that were much 
more nonspecific [in treating cancer], combined with the paucity of drugs that we had to 
manage side effects, made some of these therapies less than completely worthwhile. 
Today we are much better with therapies that are more specific, and also with supportive 
care and pain management that makes the course of cancer therapy, although not easy, 
much more tolerable.  
 
What do you think about cancer vaccines? We've been hearing a lot of talk lately 
about a vaccine for cervical cancer.  
The cervical cancer vaccine is a phenomenal breakthrough, one that has the potential of 
eliminating this disease almost completely. Not that many cancers are caused specifically 
by viruses. But eventually, preventive strategies have to be part of the total approach to 
cancer. The easiest cancer to cure is the cancer we don't get because we prevented it.  
 
When you look forward, do you see hope for a treatment that seems to show great 
promise? 
I think one of the most tantalizing areas is the ability to detect cancer early with a blood 
test, a blood signature, if you will. There is tantalizing evidence that most cancers 
produce, or are capable of producing, that signal. The signal is very small and hard to 
detect, but sophisticated detection techniques are making progress. I think someday we 
will be able to detect cancers at their very earliest stage, which will make them 
enormously curable. 
Related NPR Stories 
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My Cancer  

1.8.4.4  Oxygen reactivity 

Due to its electronegativity, oxygen forms chemical bonds with almost all other elements 
hence the origin of the original definition of oxidation. The only elements known to 
escape the possibility of oxidation are a few of the noble gases, and fluorine. The most 
famous of these oxides is water (H2O). Other well known examples include compounds 
of carbon and oxygen, such as carbon dioxide (CO2), alcohols (R-OH), carbonyls, (R-
CO-H or R-CO-R)), and carboxylic acids (R-COOH). Oxygenated radicals such as 
chlorates (ClO3

−), perchlorates (ClO4
−), chromates (CrO4

2−), dichromates (Cr2O7
2−), 

permanganates (MnO4
−), and nitrates (NO3

−) are strong oxidizing agents in and of 
themselves. Many metals such as iron bond with oxygen atoms, iron(III) oxide (Fe2O3). 
Ozone (O3) is formed by electrostatic discharge in the presence of molecular oxygen. 

Laboratory tests conducted by fish culturists in recent years have demonstrated that 
common household hydrogen-peroxide can be used safely to provide oxygen for small 
fish.  

1.8.5.0  Mitochondria 

Mitochondria are at the crossroads of several crucial cellular activities including: 

- adenosine triphosphate (ATP) generation via oxidative phosphorylation;  

- the biosynthesis of heme, pyrimidines and steroids;  

- calcium and iron homeostasis  

- and programmed cell death (apoptosis).  

Mitochondria also produce considerable quantities of superoxide and hydrogen peroxide 
(H2O2) that in conjunction with its large iron stores could possibly lead to a witch's brew 
of reactive intermediates capable of damaging macromolecules. Mitochondrial DNA 
(mtDNA) represents a critical target for such oxidative damage. Once damaged, mtDNA 
can amplify oxidative stress by decreased expression of critical proteins important for 
electron transport leading to a vicious cycle of reactive oxygen species (ROS) and 
organellar dysregulation that eventually trigger apoptosis. Yet, many humans live long 
and healthy lives. Thus, I do not believe the proponents of oxidative doom and 
gloom. 

Females live longer than males in many species, including humans. Vina et al have 
traced a possible explanation for this phenomenon to the beneficial action of estrogens, 
which bind to estrogen receptors and increase the expression of longevity-associated 
genes, including those encoding the antioxidant enzymes superoxide dismutase and 

http://www.npr.org/templates/story/story.php?storyId=5497708
http://en.wikipedia.org/wiki/Chemical_bond
http://en.wikipedia.org/wiki/Chlorate
http://en.wikipedia.org/wiki/Chromate
http://en.wikipedia.org/wiki/Dichromate
http://en.wikipedia.org/wiki/Permanganate
http://en.wikipedia.org/wiki/Ozone


glutathione peroxidase. As a result, mitochondria from females produce fewer 
reactive oxygen species than those from males. I ask at what age?  

Administering estrogens has serious drawbacks, however--they are feminizing (and thus 
cannot be administered to males) and may increase the incidence of serious diseases such 
as uterine cancer in postmenopausal women. Phytoestrogens, which are present in soy or 
wine, may have some of the favorable effects of estrogens without their undesirable 
effects (Why females live longer than males: control of longevity by sex hormones. J. 
Vina et al Sci Aging Knowledge Environ. 2005 Jun 8;2005(23):pe17). 

1.8.5.1   Old thinking regarding EMODs, circa 1985 

There is convincing evidence that cellular prooxidant states--that is, increased 
concentrations of active oxygen and organic peroxides and radicals--can promote 
initiated cells to neoplastic growth. Prooxidant states can be caused by different 
classes of agents, including hyperbaric oxygen, radiation, xenobiotic metabolites and 
Fenton-type reagents, modulators of the cytochrome P-450 electron-transport chain, 
peroxisome proliferators, inhibitors of the antioxidant defense, and membrane-
active agents. Many of these agents are promoters or complete carcinogens. They cause 
chromosomal damage by indirect action, but the role of this damage in carcinogenesis 
remains unclear. Prooxidant states can be prevented or suppressed by the enzymes of 
the cellular antioxidant defense and low molecular weight scavenger molecules, and 
many antioxidants are antipromoters and anticarcinogens. Finally, prooxidant states 
may modulate the expression of a family of prooxidant genes, which are related to cell 
growth and differentiation, by inducing alterations in DNA structure or by epigenetic 
mechanisms, for example, by polyadenosine diphosphate-ribosylation of chromosomal 
proteins (Cerutti PA. Prooxidant States and Cancer. Science 1985;227:375–81). 

1.8.5.2  The Intracellular Redox State as of 2006 

Some of the following material was abstracted, excerpted or modified from:  
Therapeutic Manipulation of the Intracellular Redox State.  L. W. Oberley (2006) Am. 
Assoc. Cancer Res. Educ. Book 2006, 255-258. 

Over the last two decades, a great deal of evidence has accumulated linking reactive 
oxygen species (ROS) and many types of cancer. However, I have accumulated  

considerable data demonstrating the fact that antioxidants can be responsible for 
many types of cancer. ROS are molecules that contain oxygen and have higher 
reactivity than ground state molecular oxygen. These species include not only the oxygen 
radicals (like superoxide, hydroxyl, and peroxyl radicals), but also non-radical molecules 
like singlet oxygen and hydrogen peroxide. ROS are generated during normal aerobic 

metabolism and increased levels of these species are present during oxidative stress. 
ROS are known to react with various intracellular targets, including lipids, proteins, and 
DNA. ROS-induced damage can result in cell death, mutations, chromosomal aberrations, 
or carcinogenesis (Cerutti PA. Prooxidant States and Cancer. Science 1985;227:375–81). 



The net intracellular concentration of ROS is the result of the production of ROS and the 
ability of substances to remove them and largely defines the intracellular redox state.  

In recent years, much evidence has been published suggesting that ROS at high 
concentrations are cytotoxic, while ROS at low concentrations are necessary for life and 
involved in the regulation of several key physiological processes. Please remember that 
any substance at high concentrations can be cytotoxic.  These processes include cell 
differentiation, apoptosis, and cell proliferation and are thought to be regulated by 
redox-sensitive signal transduction pathways. Thus, it appears that ROS act as 
regulatory molecules in an analogous fashion to what has been observed with 
phosphorylation.  

Cells contain a large number of antioxidants allegedly to prevent or repair the 
damage caused by ROS. Unfortunately, antioxidants do not work to prevent or 
reverse common diseases.  These antioxidants include several small molecular weight 
compounds such as vitamins E and C, as well as the larger molecular weight antioxidant 
enzymes. There are three major types of primary antioxidant enzymes in mammalian cells 
- superoxide dismutase (SOD), catalase (CAT), and peroxidase, of which glutathione 
peroxidase (GPx) is the most prominent. The SODs convert superoxide radical into 
hydrogen peroxide and molecular oxygen (O2), while the catalases and peroxidases 
convert hydrogen peroxide into water (and oxygen). In this way, two toxic species, 
superoxide radical and hydrogen peroxide, are converted to the harmless product water. 
These antioxidant enzymes are thought to be necessary for life in all oxygen metabolizing 
cells (McCord JM, Keele BB, Fridovich I. An enzyme based theory of obligate 
anaerobiosis: the physiological function of superoxide dismutase. Proc Natl Acad Sci U S 
A 1971;68:1024–27). SOD and CAT need no co-factors to function, but GPx requires 

several co-factors, one of which is hydrogen peroxide, and proteins. Two such 
proteins (GR and G-6-PD) are considered secondary antioxidant enzymes since they do 
not act on ROS, but they enable the GPx to function.  

It has been over thirty years now since the first report was published demonstrating that 
the activity of MnSOD was diminished in transformed cells when compared to an 
appropriate normal cell control (Yamanaka NY, Deamer D. Superoxide dismutase 
activity in WI-38 cell cultures: Effects of age, trypsinization, and SV-40 transformation. 
Physiol Chem Phys 1974;6:95–106). Since that time, numerous papers have been 

published showing altered levels of antioxidant enzymes in cancer cells; this subject 
matter has been reviewed many times. Cancer cells are nearly always low in MnSOD and 
CAT activity, and usually low in CuZnSOD activity. GPx activity is variable. Recently, it 
has been shown that in some cancer cells, reduced expression of MnSOD is due to 
mutations in the promoter of the gene (Xu Y, Krishnan A, Wan SX, Majima H, Yeh C-C, 
Ludewig G, et al. Mutations in the promoter reveal a cause for the reduced expression of 
the human manganese superoxide dismutase gene in cancer cells. Oncogene 1999;18:93–
102), while in other types of cancer, reduced levels of MnSOD are due to abnormal 
methylation (Huang Y, He T, Domann FE. Decreased MnSOD expression in transformed 
cells is associated with increased cytosine methylation of the SOD2 gene. DNA Cell Biol 
1999;18:643–52), loss of heterozygosity (Liang BC, Ross DA, Greenburg HS, Meltzer 



PS, Trent JM. Evidence for allelic imbalance of chromosome 6 in human astrocytomas. 
Neurology 1994;44:533–6), or mutation in the coding sequence (Hernandez-Saavedra D, 
McCord JM. Paradoxical effects of thiol reagents on Jurkat cells and a new thiol-sensitive 
mutant form of human mitochondrial superoxide dismutase. Cancer Res 2003;63:159–
63).  

Many of the known anticancer modalities produce ROS. Examples include ionizing 
radiation, adriamycin, and bleomycin. Manipulation of the antioxidant system should 
cause increased killing from agents that produce ROS.  

 If antioxidant enzymes are important in cancer, then normalization of the levels of these 
enzymes should result in reversal of at least part of the cancer cell phenotype. This 
hypothesis was first suggested by Oberley and Buettner in 1979 (Oberley LW, Buettner 
GR. Role of superoxide dismutase in cancer: a review. Cancer Res 1979;39:1141–49) 
and has been tested with regards to SOD in three different ways: 1) elevation of SOD by 
exposure to a superoxide generator and subsequent isolation of resistant cells; 2) 
addition of liposomal CuZnSOD protein; 3) elevation of SOD, particularly MnSOD, by 
sense cDNA. Each of these techniques has supported the Oberley-Buettner 
hypothesis. These results suggest that increasing SOD in cancer cells should 
inhibit cancer cell growth. This has been shown to occur.  I believe that SOD 
inhibits cancer growth because of increased production of H2O2 and not because of 
increased SOD levels per se or decreased levels of superoxide.   

1.8.5.3  A Beneficial Suicide 

They are the largest group of white blood cells: neutrophil granulocytes kill 
microorganisms. Neutrophils catch microbes with extracellular structures nicknamed 
Neutrophil Extracellular Traps (NETs) that are composed of nucleic acid and 
aggressive enzymes. A group of scientists lead by Arturo Zychlinsky at the Max-Planck-
Institute for Infectious Biology in Berlin, Germany discovered, how the neutrophils 
form this snaring network (Journal of Cell Biology, online, January 8, 2007). Once 
triggered, the cells undergo a novel program leading to their death. While they perish, 
the cells release the content of their nuclei. The nucleic acid, mingled with bactericidal 
enzymes, forms a lethal network outside the cell. Invading bacteria and pathogenic fungi 
get caught and killed in the NETs.  
 
Every minute, several million neutrophils leave the bone marrow and are ready to 
defend the body of invading germs. They are the immune system's first line of defence 
against harmful bacteria and migrate into the tissue at the site of infection to combat 
pathogens. For more than hundred years it was known that neutrophil granulocytes kill 
bacteria very efficiently by devouring them. After eating the germs neutrophils kill tehm 
with antimicrobial proteins.  
 
The group of scientists lead by Arturo Zychlinsky at the Max-Planck-Institute for 
Infectious Biology discovered a second killing mechanism: neutrophil granulocytes 
can form web-like structures outside the cells composed of nucleic acid and 



enzymes which catch bacteria and kill them. The scientists were able to generate 
impressive micrographs of these nets. But it remained a mystery how the granulocytes 
could mobilise the contents of their nuclei and catapult it out of the cells.  
 
Only after lengthy live cell imaging and biochemical studies it became clear how 
neutrophils make NETs. The cells get activated by bacteria and modify the structure of 
their nuclei and granules, small enzyme deposits in the cytoplasm. "The nuclear 
membrane disintegrates, the granules dissolve, and thus the NET components can 
mingle inside the cells", explains Volker Brinkmann, head of the microscopy group. At 
the end of this process, the cell contracts until the cell membrane bursts open and 
quickly releases the highly active melange. Once outside the cell, it unfolds and forms 
the NETs which then can trap bacteria.  
 
Surprisingly, this process is as effective as devouring bacteria: "NETs formed by dying 
granulocytes kill as many bacteria as are eaten up by living blood cells", says Arturo 
Zychlinsky. Thus, neutrophils fulfill their role in the defense battle even after their 
deaths. (Tobias A. Fuchs, Ulrike Abed, Christian Goosmann, Robert Hurwitz, Ilka 
Schulze, Volker Wahn, Yvette Weinrauch, Volker Brinkmann and Arturo Zychlinsky.  
Novel Cell Death Program Leads to Neutrophil Extracellular Traps. Journal of Cell 
Biology, online published, January 8, 2007). 

1.8.5.4  Human skin populated by veritable zoo of bacteria 

Researchers on a safari for microbes have found that human skin is populated by a 
veritable menagerie of bacteria -- 182 species -- some apparently living there 
permanently and others just dropping by for a visit, said microbiologist Dr. Martin Blaser 
of New York University School of Medicine. In research published on 2/06/07 in the 
Proceedings of the National Academy of Sciences, Blaser and his colleagues took swabs 
from the forearms of six healthy people to study the bacterial populations in human skin -
- our largest organ. "We identify about 182 species," Blaser said in an interview. "And 
based on those numbers, we estimate there are probably at least 250 species in the skin." 

A good zoo might have 100 species or 200 species. Bacteria are single-celled 
microorganisms believed to have been the first living things on Earth. While some cause 
disease, bacteria also reside normally in our bodies, for example in the digestive tract, 
performing useful chores. "Without good bacteria, the body could not survive," added Dr. 
Zhan Gao, a scientist in Blaser's lab involved in the study. 

The researchers noted that microbes in the body actually outnumber human cells 
10-to-1. 

The inhabitants proved to be more diverse than had been thought, with about 8 percent of 
the species previously unknown, the researchers found. Some bacteria seemed to be 
permanent residents of the skin, with four genera -- Staphylococcus, Streptococcus, 
Propionibacteria and Corynebacteria -- accounting for a bit more than half the 
population. Others were more transient. In each person, the population of bacteria 



changed over time although a core set existed for each. The volunteers included three 
men and three women, and the findings suggested the two sexes may differ in the bacteria 
they tote along. 

The researchers previously had studied bacteria in the stomach and esophagus. With this 
research, they found that the insides of the body and the skin had major differences in 
bacterial populations. "Microbes have been living in animals probably for a billion years. 
And the microbes that we have in our body are not accidental. They have evolved with 
us," Blaser said.  

1.8.5.5   Changing an Antioxidant to a Prooxidant 

Increasing SOD in general causes a non-cytotoxic, growth inhibitory effect. They have 
shown that increasing SOD while at the same time inhibiting peroxide removal 
changes the non-cytotoxic effect to a cytotoxic effect. I believe that this is simply due 
to a concentration effect.  Removal of peroxide can be inhibited by drugs like BCNU, 
which among other effects also inhibits the activity of the protein glutathione reductase 
(GR). Inhibition of GR prevents the conversion of GSSG back to GSH and thus interferes 

with the removal of peroxides by the GPx pathway. Thus, they have used adenoviral 
MnSOD (AdMnSOD) plus BCNU to successfully treat animal xenograft models of 
human head and neck cancer (Weydert CJD, Smith BB, Xu L, Kregel KC, Ritchie JM, 
Davis CS, Oberley LW. Inhibition of oral cancer cell growth by adenovirus MnSOD plus 
BCNU treatment. Free Radic Biol Med 2003;34:316–29).  

As mentioned above, even though they were able to demonstrate a significant growth 
inhibitory effect of AdMnSOD by itself, they did not think that this treatment would 
be an effective clinical antitumor therapy. This is because when they stop injecting the 
adenovirus, the cancer cells may start proliferating again. The resumption of proliferation 
is likely because the adenovirus does not integrate into the genome, but replicates 
episomally. Thus, with time in a dividing cell population, the transgene is diluted. In 
humans, they cannot give more than a few injections of the adenovirus, because an 
immune response is mounted against the virus. This presumed lack of a persistent 
growth regulatory effect prompted us to try a different approach to circumvent this 
shortcoming: combination of adenovirus with cytotoxic anticancer agents. In this 
approach, the short life of the adenovirus is not a shortcoming, but a benefit. The 
adenovirus is given, causes cell killing in conjunction with the cytotoxic agent, and then 

disappears. Thus, any negative effect of the adenovirus will not linger.  

The enzymatic effect of MnSOD protein is to dismute superoxide radical into hydrogen 
peroxide. If we inhibit hydrogen peroxide removal, then we should kill the cancer 

because of direct toxicity or hydrogen peroxide-mediated damage. They have tested 
their anticancer concept in vitro in stable plasmid transfected rat glioma cells and found 
very positive results (Zhong W, Oberley LW, Oberley TD, Yan T, Domann FE, St. Clair 
DK. Inhibition of cell growth and sensitization to oxidative damage by overexpression of 
manganese superoxide dismutase in rat glioma cells. Cell Growth Differentiation 
1995;7:1175–86).  



The higher the MnSOD levels, the higher the killing we observed in cells treated with 
1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU). BCNU is a clinically used anticancer drug 
that causes alkylation and also inhibits glutathione reductase (GR). If GR is inhibited, 
cells cannot remove hydrogen peroxide (Zhong W, Oberley LW, Oberley TD, Yan T, 
Domann FE, St. Clair DK. Inhibition of cell growth and sensitization to oxidative damage 
by overexpression of manganese superoxide dismutase in rat glioma cells. Cell Growth 
Differentiation 1995;7:1175–86). This work led us to believe that AdMnSOD plus BCNU 
could be used in the treatment of oral cancer and they have shown that this is a successful 
combination in this cancer (Weydert CJD, Smith BB, Xu L, Kregel KC, Ritchie JM, 
Davis CS, Oberley LW. Inhibition of oral cancer cell growth by adenovirus MnSOD plus 
BCNU treatment. Free Radic Biol Med 2003;34:316–29).  

This therapy relies on the endogenous levels of superoxide radical to act as a substrate for 
SOD. They have observed even greater antitumor efficacy in human breast cancer 
xenograft models by increasing the levels of superoxide radical so there is more substrate 
for the SOD. Superoxide radical were increased by giving adriamycin or ionizing 
radiation. Thus, a very effective treatment of breast cancer was obtained by giving 
AdMnSOD, waiting two days to induce the MnSOD, and then giving BCNU followed by 
ionizing radiation.  I believe that all of this served to increase H2O2 levels, which were 
the tumoricidal agent. 

One of the problems with understanding this therapy is that BCNU has other effects 
besides inhibition of GR. In order to study whether the effects of BCNU are due to GR 
inhibition, they have also inhibited GR with more specific reagents. They have shown that 
inhibition of GR with siRNA also leads to increased killing when given with AdMnSOD. 
This observation suggests that at least part of the antitumor effect observed with BCNU is 

due to inhibition of GR and thus inhibition of peroxide removal.  Again, I believe that 
this illustrates the tumoricidal activity of H2O2.   

There are a myriad of ways one could use the antioxidant pathways to treat cancer. One 
could try the two other forms of SOD and indeed CuZnSOD has been shown to have a 
similar anticancer effect as MnSOD. A second important strategy would be to inhibit 
as many of the peroxide removing pathways as possible. For example, since MnSOD 
is a mitochondrial protein, inhibition of peroxide removing enzymes in the 
mitochondria would be predicted to be particularly effective. There are at least four of 
these proteins: GPx1, GPx4 (long form), Prx3, and Prx5. Similarly, overexpression of 
CuZnSOD should be effective with inhibition of cytosolic peroxide removing proteins 
like GPx1, GPx4 (short form), and Prx2.  

Apparently, it has never occurred to Oberley or Buettner that all that has to be done 
to kill cancer is to effectively increase EMOD levels, especially those of H2O2 and 
singlet oxygen. 

Techniques to deliver SOD should also be considered. Different gene therapies need to be 
investigated besides adenovirus. Moreover, SOD can be delivered as a drug via the 
various SOD mimetic compounds and this technique may allow a higher percentage of 



cancer cells to be treated. Similarly, inhibition of peroxide removing proteins can be 
accomplished either with drugs or with molecular biological techniques such as siRNA or 
antisense oligos.  

Another possibility is to decrease the SODs, rather than increase. It has already been 
shown that all three SODs are necessary for cell health and thus decreasing SOD should 
also kill cancer cells. SOD could be decreased by techniques like siRNA or antisense 

oligos. Of course, this could only work if cancer cells were killed more than normal cells. 
This is a possibility since in general normal cells have more SOD, particularly 
MnSOD, than cancer cells. Indeed, this difference in antioxidant levels between normal 
and cancer cells is what makes these possibilities so attractive.  

Like most investigators, they have overly complicated the issue and have been 
blind to the fact that all that is necessary for tumoricidal activity is to increase 
EMOD levels, especially of H2O2 and singlet oxygen.  This is what I did with my 
singlet oxygen delivery system.  All of the above work is supportive of my Unified 
theory. 

1.8.6.0   General info on singlet oxygen 

It is a nonradical (does not have an unpaired electron) reactive oxygen species often 
associated with oxygen free radicals that has strong oxidising activity. Singlet oxygen 
(1O2) is an electronically excited and allegedly mutagenic form of oxygen. (RMH Note:  
My work has shown that it is also highly tumoricidal.).  It is generated by input of 
energy, example radiation, but can also be generated enzymatically by the 
action of peroxidases or lipoxygenases or by the reaction of hydrogen 
peroxide with hypochlorite or peroxynitrite (Di Mascio et al. 1994, Di Mascio 
et al. 1996), thermo-decomposition of dioxetanes (Briviba et al. 1996), or during the 
respiratory burst of phagocytes (Steinbeck et al. 1993). They are also generated in 
biological systems in a number of pigment reactions including 
chlorophylls, retinal and flavins when they are illuminated in the presence of 
oxygen (www.doctorslounge.com accessed 3/08).  Flavins are touted as great 
antioxidants and yet, they can generate singlet oxygen.   

1.8.6.1  Linoleic acid hydroperoxide and HOCl react to produce singlet oxygen 

Some of the following material was abstracted, excerpted or modified from:  Linoleic 
acid hydroperoxide reacts with hypochlorous acid, generating peroxyl radical 
intermediates and singlet molecular oxygen. Sayuri Miyamoto, Glaucia R. Martinez, 
Daniel Rettori, Ohara Augusto, Marisa H. G. Medeiros, and Paolo Di Mascio.  PNAS. 
January 10, 2006. vol. 103. no. 2. 293-298. 

The reaction of hypochlorous acid (HOCl) with hydrogen peroxide is known to generate 
stoichiometric amounts of singlet molecular oxygen [O2 (1

g)]. This study shows that 
HOCl can also react with linoleic acid hydroperoxide (LAOOH), generating O2 (1

g) 

with a yield of 13 ± 2% at physiological pH. Characteristic light emission at 1,270 nm, 

http://www.doctorslounge.com/


corresponding to O2 (1
g) monomolecular decay, was observed when HOCl was reacted 

with LAOOH or with liposomes containing phosphatidylcholine hydroperoxides, but not 
with cumene hydroperoxide or tert-butyl hydroperoxide. The generation of O  (1

g) was 
confirmed by the acquisition of the spectrum of the light emitted in the near-infrared 
region showing a band with maximum intensity at 1,270 nm and by the observation of 
the enhancing effect of deuterium oxide and the quenching effect of sodium azide. 
Mechanistic studies using 18O-labeled linoleic acid hydroperoxide (LA18O18OH) 
showed that its reaction with HOCl yields 18O-labeled O  (1

g) [18O  (1
g)], 

demonstrating that the oxygen atoms in O  (1
g) are derived from the hydroperoxide 

group. Direct analysis of radical intermediates in the reaction of LAOOH with HOCl by 
continuous-flow electron paramagnetic resonance spectroscopy showed a doublet signal 
with a g-value of 2.014 and a hyperfine coupling constant from the -hydrogen of a  = 
4.3 G, indicating the formation of peroxyl radicals. Taken together, our results clearly 
demonstrate that HOCl reacts with biologically relevant lipid 
hydroperoxides, generating O2 (1

g). In addition, the detection of 18O  (1
g) and 

peroxyl radicals strongly supports the involvement of a Russell mechanism in the 
generation of O  (1

g). (Linoleic acid hydroperoxide reacts with hypochlorous acid, 
generating peroxyl radical intermediates and singlet molecular oxygen. Sayuri 
Miyamoto, Glaucia R. Martinez, Daniel Rettori, Ohara Augusto, Marisa H. G. 
Medeiros, and Paolo Di Mascio.  PNAS. January 10, 2006. vol. 103. no. 2. 293-298). 
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Hypochlorous acid (HOCl) is a potent oxidant generated in neutrophils by the reaction 
of chloride ion with hydrogen peroxide ( ) catalyzed by myeloperoxidase (MPO) 
(Allen, R. C. (1994) Environ. Health Perspect. 102, 201-208) (Klebanoff, S. J. (1999) in 
Inflammation: Basic Principles and Clinical Correlates, eds. Gallin, J. I. & Snyderman, 
R. (Lippincott, Philadelphia), pp. 721-768) (Hampton, M., Kettle, A. & Winterbourn, C. 
(1998) Blood 92, 3007-3017).  

 

Eq. 1

 

 

This heme enzyme is stored at high concentrations in the granules of phagocytic cells 
(neutrophils and monocytes), and, upon stimulation, it is secreted into both the 
extracellular milieu and the phagocytic vacuole (Klebanoff, S. J. (1999) in Inflammation: 
Basic Principles and Clinical Correlates, eds. Gallin, J. I. & Snyderman, R. (Lippincott, 
Philadelphia), pp. 721-768).  

  

 

 

It is believed that the generation of HOCl by this system constitutes an important defense 
mechanism against microorganisms. However, excessive production of HOCl can 
allegedly also lead to host tissue injury (Winterbourn, C. C. & Kettle, A. J. (2000) Free 
Radical Biol. Med. 29, 403-409), contributing to the development of several diseases, 
such as atherosclerosis (Heinecke, J. W. (1994) Coronary Artery Dis. 5, 205-210) 
(Daugherty, A., Dunn, J. L., Rateri, D. L. & Heinecke, J. W. (1994) J. Clin. Invest. 94, 
437-444) and cancer (Weitzman, S. & Gordon, L. (1990) Blood 76, 655-663).  
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At physiological pH, HOCl is in equilibrium with its conjugate base, hypochorite 
(OCl-, pKa 7.4 at 25°C) (Adam, L., Fabian, I., Suzuki, K. & Gordon, G. (1992) Inorg. 
Chem. 31, 3534-3541), (Eq. 2), and both forms appear to be responsible for the oxidation 
and/or halogenation reactions. It has also been demonstrated that, at acidic conditions, 
HOCl can be in equilibrium with molecular chlorine (Cl ,pK2 a 3.3) through a reaction that 
requires Cl- and H+ (Eq. 3). In vitro studies suggest that Cl2 might be the chlorinating 
agent that mediates the formation of chlorinated products during phagocytosis.  
 

 [2]

 
 

 [3]

HOCl is a highly reactive species capable of modifying a variety of biomolecules. Free 
amino and thiol groups of amino acids and peptides constitute important targets for 
HOCl, yielding unstable chloramines and sulfenyl chloride intermediates, respectively. 
Chloramine intermediates are also detected in the reaction of HOCl with exocyclic 
(RNH2) and heterocyclic (RNHR) amine functions in DNA bases. HOCl reacts with 
aromatic rings, such as in tyrosine, yielding 3-chlorotyrosine and 3,5-dichlorotyrosine. 
These products have been detected in proteins exposed to MPO or stimulated neutrophils 
and in low-density lipoprotein isolated from atherosclerotic lesions.  

Another important target for HOCl is lipids. It is known that HOCl adds across the 
carbon-carbon double bonds in fatty acids and cholesterol, yielding chlorohydrins. 
HOCl has been shown to induce lipid peroxidation (Panasenko, O. M. (1997) 
Biofactors 6, 181-190).  

Several groups have detected accumulation of lipid-peroxidation products in liposomes 
and lipoproteins after incubation with HOCl or MPO-H2O2-Cl- system. However, the 
mechanism by which HOCl induces lipid peroxidation remains unclear. The 
Panasenko group (Panasenko, O. M. (1997) Biofactors 6, 181-190) postulated that the 
presence of lipid hydroperoxides is critical for the initiation of lipid peroxidation in these 

systems. They have proposed that the reaction of HOCl with lipid hydroperoxides yields 
free radicals able to cause further oxidation of lipid molecules (Panasenko, O. M. & 
Arnhold, J. (1999) Free Radical Res. 30, 479-487).  

It is well known that HOCl reacts with hydrogen peroxide, yielding 

stoichiometric amounts of singlet molecular oxygen [O2 (1
g)] (Eq. 4) (Khan, 

A. U. & Kasha, M. (1970) J. Am. Chem. Soc. 92, 3293-3300) (Held, A. M., Halko, D. J. 
& Hurst, J. K. (1978) J. Am. Chem. Soc. 100, 5732-5740) (Murray, R. W. (1979) in 
Singlet Oxygen, eds. Wasserman, H. H. & Murray, R. W.).  

http://www.pnas.org/cgi/content/full/103/2/293


However, little is known about the reaction of HOCl with other biologically relevant 
hydroperoxides, such as lipid hydroperoxides, which are the primary products of lipid 

peroxidation and are also generated in lipoxygenase- and ciclooxygenase-catalyzed 

reactions.  
 

 

The generation of O2 (1
g) was also tested with tertiary hydroperoxides, t-BuOOH or 

Cu-OOH. The reaction of HOCl with these hydroperoxides did not yield O2 (1
g), 

suggesting that the presence of a hydrogen-  at the carbon to which the hydroperoxide is 
attached is essential for the generation of O2 (1

g). The presence of hydrogen-  is known 
to be critical for the generation of O2 (1

g) by the Russell mechanism (Eq. 7). In this 
mechanism, primary or secondary peroxyl radicals (ROO ) react by a cyclic mechanism 
involving a linear tetraoxide intermediate (ROOOOR) that decomposes to generate a 
ketone (RO), an alcohol (ROH), and oxygen. It has been postulated that this reaction 
may generate either an electronically excited oxygen molecule (Eq. 7a) or an 
electronically excited ketone (Eq. 7b).  

Niu and Mendenhall (Niu, Q. & Mendenhall, G. (1992) J. Am. Chem. Soc. 114, 165-
172) reported that the yields of O2 (1

g), in the case of simple alkylhydroperoxides, 
ranged from 3.9% to 14.0%. In contrast, the yields of excited carbonyls were 103 to 104 
lower, suggesting that the self-reaction of peroxyl radical generates predominantly O2 
(1

g). 

Overall, Miyamoto et al. results clearly demonstrated that HOCl reacts with both 
fatty acid hydroperoxides and phospholipid hydroperoxides present in membranes 
to generate O2 (1

g). Moreover, their study also provided direct evidence for the 
generation of lipid peroxyl-radical intermediates in the reaction of HOCl with LAOOH. 
The physiological relevance of these findings remains to be clarified. Nonetheless, the 
generation of both lipid peroxyl radicals and O2 (1

g) in this reaction may be an 
additional important mechanism that contributes to the microbicidal activity of 
HOCl during phagocytosis as well as for the propagation of lipid peroxidation in 
pathologic conditions involving inflammatory processes, such as atherosclerosis and 
cancer.  

As recently reviewed, O2 (1
g) is a highly reactive species that can oxidize a 

variety of biomolecules (Cadet, J. & Di Mascio, P. (2006) in The Chemistry of 
Peroxides, ed. Rappaport, Z. (Wiley, Chichester, U.K.), Vol. 2) and can modulate 
cell-signaling cascades and gene expression (Klotz, L. O., Kroncke, K. D. & 
Sies, H. (2003) Photochem. Photobiol. Sci. 2, 88-94).  

I believe that this data showing that the possible generation of singlet oxygen by 
lipid hydroperoxides in biological systems and this is particularily relevant to 
biological systems for prooxidant protection.  This adds another source for the 
production of singlet oxygen biologically. 

http://www.pnas.org/cgi/content/full/103/2/293
http://www.pnas.org/cgi/content/full/103/2/293
http://www.pnas.org/cgi/content/full/103/2/293


1.8.6.2   Linoleic acid hydroperoxide and peroxynitrite react to produce singlet 
oxygen 

Peroxynitrite (ONOO-), a biologically active species, can induce lipid peroxidation in 
biological membranes, thereby leading to the formation of various hydroperoxides. We 
report herein on the formation of singlet molecular oxygen O2 (1

g) in the reaction of 
peroxynitrite with linoleic acid hydroperoxide (LAOOH) or (18)O-labeled LAOOH 
(Direct evidence of singlet molecular oxygen [O2(1Deltag)] production in the reaction 
of linoleic acid hydroperoxide with peroxynitrite. Sayuri Miyamoto, Glaucia R. 
Martinez,  Marisa H. G. Medeiros, and Paolo Di Mascio. J Am Chem Soc. 2003 Apr 
16;125(15):4510-7). I believe that this represents yet another source for the 
production of singlet oxygen biologically. 

1.8.7.0   Estrogens lower EMOD levels and may allow manifestation of cancer 

Estrogen (E(2)) modulates mitochondrial function in the vasculature. Mitochondrial 
dysfunction is implicated in the etiology of vascular disease; thus, vasoprotection by 
estrogen may involve hormonal effects on the mitochondria. Vascular protection by E(2) 
is mediated, in part, by modulation of mitochondrial function, resulting in greater energy-
producing capacity and decreased reactive oxygen species production (Estrogen increases 
mitochondrial efficiency and reduces oxidative stress in cerebral blood vessels. C. Stirone 
et al Mol Pharmacol. 2005 Oct;68(4):959-65). I believe that estrogens lower EMOD 
levels and allow manifestation of cancer. 

1.8.7.1   Grapefruit Linked to Breast Cancer 

Could eating grapefruit daily raise a woman's risk of breast cancer? Possibly, researchers 
from the University of Southern California report in the British Journal of Cancer.  But 
they stress that the finding is preliminary and must be investigated further before any 
recommendations can be made about how much grapefruit women should eat.  

"It's an interesting hypothesis, there's biological plausibility, and we want other 
researchers to look at it," says lead study author Kristine R. Monroe, PhD, a research 
associate in the Department of Preventive Medicine at the university's Keck School of 
Medicine.  Monroe's findings come from data on 46,080 women taking part in a large 
lifestyle study of people from 5 ethnic/racial groups (African American, Japanese 
American, Hispanic/Latina, Native Hawaiian, and Caucasian) in Los Angeles and 
Hawaii. The women were all past menopause and none had ever had breast cancer. They 
filled out questionnaires about their eating habits that included information on how much 
grapefruit or pomelo they ate. They were followed from the study's beginning in 1993 to 
2002.  

The women who ate the most -- about one-quarter grapefruit per day or 
half a grapefruit every other day -- had a 30% higher risk of breast 
cancer than women who ate no grapefruit. The risk remained high even after 
the researchers controlled for other factors that could influence breast cancer, like weight, 



whether the women used hormone therapy after menopause, and family history of the 
disease.  

Researchers say grapefruit's unique effects on metabolism may be behind the increased 
risk seen in this study. The fruit is known to interact with many drugs, causing more of 
the medication to circulate in the blood. In effect, many drugs become more potent if 
taken with grapefruit, and many carry warning labels about this potential effect.  

Estrogen -- the hormone that fuels most breast cancers -- is one of the substances that 
interacts with grapefruit. At least two previous studies have found higher estrogen levels 
in women consuming grapefruit or grapefruit juice, and the US Food and Drug 
Administration requires hormone replacement products to carry warning labels stating 
that grapefruit juice may increase the concentration of estrogen in the body.  

Although the study had provocative findings, it was just one study, and there are many 
questions it could not answer.  For instance, the study did not examine grapefruit juice as 
a separate food item. Could drinking the juice, but not eating the fruit, also raise risk? 
What about consuming both? It is impossible to know at this point.  

American Cancer Society epidemiologist Michael Thun, MD, agrees it's too soon to issue 
recommendations about grapefruit consumption. But he says women who are worried 
about these findings can cut back.  "Results from a single epidemiological study are 
insufficient as a basis for recommendations," says Thun, who is vice president of 
epidemiology and surveillance research at ACS. "In this case, however, other studies 
have established that even modest consumption of grapefruit affects the action of many 
drugs. Women who have had estrogen-receptor positive breast cancer or are concerned 
for other reasons could consider substituting other fruit until this issue is clarified."  

Until more is known, women would be well advised to follow ACS nutrition guidelines 
for cancer prevention, says Marji McCullough, ScD, RD, ACS strategic director of 
nutritional epidemiology.  I believe that studies of this nature continue to confuse 
patients and lay people. 

The guidelines emphasize eating at least 5 daily servings of a wide variety of fruits and 
vegetables of different colors. A varied diet not only maximizes intake of beneficial plant 
nutrients, but could also limit the amount of potentially harmful substances from any 
single food. Further, eating fruits and vegetables helps to prevent excess weight gain in 
adulthood, a factor known to increase the risk of breast cancer.  ("Prospective Study 
of Grapefruit Intake and Risk of Breast Cancer In Postmenopausal Women: The 
Multiethnic Cohort Study." Published in the July 31, 2007, British Journal of Cancer 
(Vol. 97, No. 3:440-445). First author: K.R. Monroe, PhD).  

1.8.7.2   Antioxidants fail to prevent nonalcoholic fatty liver disease 

Lipid peroxidation and secondary cellular injury are the dominant mechanism in the 
transition from relatively stable hepatic steatosis to potentially progressive steatohepatitis 



in nonalcoholic fatty liver disease (NAFLD). Oxidation of excessive fatty acids generates 
free radicals (reactive oxygen species) that damage organelles and stimulate signaling 
pathways leading to fibrosis and cellular injury. Both antioxidant agents (by breaking the 
chain reaction of lipid peroxidation) and cytoprotective agents (by stabilizing cellular and 
organelle phospholipid membranes) may be effective agents in treating an active 
steatohepatitis through amelioration of the driving force and attenuation of the secondary 
effects. Chang et al have reviewed the existing studies on such therapies, including 
vitamin E, S-adenosylmethionine (SAMe), betaine, and ursodeoxycholic acid. Small 
trials suggest possible improvement in liver enzymes with the use of these agents in 
NAFLD. However, controlled studies have not uniformly demonstrated 
benefit from these agents when compared with control groups treated with diet and 
weight loss alone, and measurement of reliable histologic endpoints is limited (Therapy 
of NAFLD: antioxidants and cytoprotective agents. CY Chang et al J Clin Gastroenterol. 
2006 Mar;40(3 Suppl 1):S51-60). 

1.8.7.3   Antioxidants not recommended to slow aging   

Although current data indicate that antioxidants cannot prolong maximal life span, the 
beneficial impact of antioxidants on various age-related degenerative diseases may 
forecast an improvement in life span and enhance quality of life. The current lack of 
sufficient data does not permit the systematic recommendation of anti-
oxidants. (Antioxidants to slow aging, facts and perspectives. M. Bonnefoy et al Presse 
Med. 2002 Jul 27;31(25):1174-84). 

Chemical carcinogenesis follows a multistep process involving both mutation and 
increased cell proliferation. Oxidative stress can occur through overproduction of reactive 
oxygen and nitrogen species through either endogenous or exogenous insults. Important 
to carcinogenesis, the unregulated or prolonged production of cellular oxidants has been 
linked to mutation (induced by oxidant-induced DNA damage), as well as modification 
of gene expression. In particular, signal transduction pathways, including AP-1 and 
NFkappaB, are known to be activated by reactive oxygen species, and they lead to the 
transcription of genes involved in cell growth regulatory pathways (The role of oxidative 
stress in carcinogenesis. J.E. Klaunig and LM Kamendulis. Annu Rev Pharmacol 
Toxicol. 2004;44:239-67). 

1.8.7.4  Dietary antioxidants do not modulate DNA repair 
 
Cellular DNA is protected against oxidation by antioxidant and DNA repair systems, as 
demonstrated by the low background level of DNA damage reported in several studies. A 
defective DNA repair may give rise to mutations upon DNA replication that could lead to 
the 
development of cancer. A few reports have indicated that dietary antioxidants can 
modulate DNA repair. The results from the first intervention study revealed that none of 
the treatments with dietary antioxidants affected DNA repair activity. (Modulation 
of DNA repair by dietary antioxidants. Serena Guarnieri, Peter Møller and Steffen 
Loft. Presented in Oct. 2006 at the Spetses Free Radical School). Program for the 



International Free Radical Summer School 2006. Spetses Island September 30 to October 
6, 2006. 
 

1.8.7.5   Antioxidant treatment decreases EMODs in cancer patients 

Cancer experts now believe that up to two-thirds of all cancers come from lifestyle 
factors such as smoking, diet and lack of exercise. 

It is not well established whether oxidative stress found in cancer patients results from an 
increased production of oxidants in the body or from a failure of physiological 
antioxidant systems. They tested the reducing ability of different antioxidant agents on 
reactive oxygen species levels by measuring the increase in glutathione peroxidase 
activity, and the reduction of serum levels of IL-6 and TNF. They carried out an open 
non randomized study on 28 advanced stage cancer patients (stage III, 10.7%, and stage 
IV, 89.3%) with tumours at different (8) sites. The patients were divided into 5 groups 
and a different antioxidant treatment was administered to each group. The selected 
antioxidants were: alpha lipoic acid 200 mg/day orally, N-acetylcysteine 1800 
mg/day i.v. or carboxycysteine-lysine salt 2.7 g/day orally, amifostine 375 mg/day 
i.v., reduced glutathione 600 mg/day i.v., vitamin A 30000 IU/day orally plus 
vitamin E 70 mg/day orally plus Vitamin C 500 mg/day orally. The antioxidant 
treatment was administered for 10 consecutive days. Their results show that all but one 
of the antioxidants tested were effective in reducing reactive oxygen species levels 
and 2 of them (cysteine-containing compounds and amifostine) had the 
additional effect of increasing glutathione peroxidase activity. 
Comprehensively, the "antioxidant treatment" was found to have an effect both on 
reactive oxygen species levels and glutathione peroxidase activity. The antioxidant 
treatment also reduced serum levels of IL-6 and TNF. Patients in both ECOG PS 0-1 and 
ECOG PS 2-3 responded to antioxidant treatment (Reactive oxygen species, antioxidant 
mechanisms and serum cytokine levels in cancer patients: impact of an antioxidant 
treatment. G. Mantovani et al. J Cell Mol Med. 2002 Oct-Dec;6(4):570-82). There is an 
inherent danger in blocking EMODs which are responsible for initiating apoptosis 
and tumoricidal activity. I believe that these antioxidants are dangerous in patients 
with neoplasia or precancerous conditions. 

Cancer-related anorexia/cachexia syndrome and oxidative stress play a key role in 
the progression and outcome of neoplastic disease. On the basis of our previously 
published studies and clinical experience, they have developed an innovative approach 
consisting of diet with high polyphenol content (400 mg), p.o. pharmaconutritional 
support enriched with n - 3 fatty acids (eicosapentaenoic acid and docosahexaenoic acid) 
2 cans (237 mL each) per day, medroxiprogesterone acetate 500 mg/d, antioxidant 
treatment with alpha-lipoic acid 300 mg/d plus carbocysteine lysine salt 2.7 g/d plus 
vitamin E 400 mg/d plus vitamin A 30,000 IU/d plus vitamin C 500 mg/d, and selective 
cyclooxygenase-2 inhibitor Celecoxib 200 mg/d. The treatment is administered for 16 
weeks. The following variables are evaluated: (a) clinical variables (stage and Eastern 
Cooperative Oncology Group performance status); (b) nutritional variables (lean body 



mass, appetite, and resting energy expenditure); (c) laboratory variables (serum levels of 
proinflammatory cytokines, C-reactive protein, and leptin and blood levels of reactive 
oxygen species and antioxidant enzymes); and (d) quality of life variables (European 
Organization for Research and Treatment of Cancer QLQ-C30, EQ-5Dindex, and EQ-
5DVAS). A phase II nonrandomized study has been designed to enroll 40 patients with 
advanced cancer at different sites with symptoms of cancer-related anorexia/cachexia 
syndrome and oxidative stress. RESULTS: As of January 2004, 28 patients have been 
enrolled: 25 patients were evaluable and 14 of them have completed the treatment (20 
patients have completed 2 months of treatment). As for clinical response, five patients 
improved, three patients remained unchanged, and six patients worsened. The 
Eastern Cooperative Oncology Group performance status (grade) 1 remained unchanged. 
As for nutritional/functional variables, the lean body mass increased significantly at 2 and 
4 months. As for laboratory variables, reactive oxygen species decreased significantly 
and proinflammatory cytokines interleukin-6 and tumor necrosis factor-alpha decreased 
significantly. As for quality of life, it comprehensively improved after treatment. The 
treatment has been shown to be effective for clinical response, increase of lean body 
mass, decrease of reactive oxygen species and proinflammatory cytokines, and 
improvement of quality of life. The treatment has been shown to be safe with good 
compliance of patients. The study is in progress (14 further patients will be included 
(Cancer-related anorexia/cachexia syndrome and oxidative stress: an innovative approach 
beyond current treatment. Mantovani et al. Cancer Epidemiol Biomarkers Prev. 2004 
Oct;13(10):1651-9). I believe that the percentage either unchanged or worsened was 
about 60% and the results must be judged on that basis. 

1.8.8.0   Apoptosis 

1.8.8.1  Cancer rates in USA 

About 3,000 fewer people died from cancer in the United States from 2003 to 2004, 
the American Cancer Society reported on 1/16/07. The American Cancer Society 
projected that 559,650 people will die from cancer in 2007.  

"The Society also predicts there will be 1,444,920 new cases of cancer in 2007; 766,860 
among men and 678,060 among women," it said in a statement. 

The biggest fall in deaths was seen in colon and rectal cancer, which will affect 153,760 
people in 2007 and kill 52,000. It is the second-leading cause of U.S. cancer deaths. 

In 2004, 553,888 people died from cancer, compared to 556,902 in 2003. 
This is the incredible drop in cancer deaths that the ACS is hollering 
about.  Fewer people died from the four leading cancers -- lung, breast, prostate, and 
colorectal -- with the exception of lung cancer in women. 

The five-year survival rate for all cancer patients between 1996 and 2002 was 66 percent, 
compared to 51 percent between 1975 and 1977. 



The four leading causes of cancer in the United States are:  

-- Lung cancer, which will be detected in 213,000 people in 2007 and kill 160,000  

-- Prostate cancer, which will be diagnosed in 218,000 men and kill 27,000  

-- Breast cancer, which will be found in 180,510 men and women and kill 40,900  

-- Colon cancer, which will be diagnosed in 112,000 people and kill 52,000.  

The full report is available on the Internet at http://www.cancer.org/statistics.  

The society uses a different method to project and calculate deaths now, so the 2007 
numbers cannot be compared directly with the 2004 numbers.  I believe that one has 
to excercise caution in interpreting results of cancer deaths because methods of 
calculating deaths changes about every 2-3 years and differences can be artifacts of such 
changes. 

1.8.8.2   Cancer expected to rapidly increase in Asia 

According to Margie Mason, AP Medical Writer on May 31, 2007, Asia is bracing for a 
dramatic surge in cancer rates over the next decade as people in the developing 
world live longer and adopt bad Western habits that greatly increase the risk of the 
disease. 

Smoking, drinking and eating unhealthy foods — all linked to various cancers — will 
combine with larger populations and fewer deaths from infectious diseases to drive Asian 
cancer rates up 60 percent by 2020, some experts predict. I believe that the increase 
may be related to the increased intake of antioxidants, vitamins and antibiotics, 
which are so common in Westerners. 

But unlike in wealthy countries where the world's top medical care is found, there will 
likely be no prevention or treatment for many living in poor countries. "What happened 
in the Western world in the '60s or '70s will happen here in the next 10 to 20 years as life 
expectancy gets longer and we get better control on more common causes of deaths," said 
Dr. Jatin P. Shah, a professor of surgery at Memorial Sloan-Kettering Cancer Center in 
New York, who attended a cancer conference last month in Singapore. "The habit of 
alcohol consumption, smoking and dietary changes will increase the risk of Western 
world cancers to the Eastern world," Shah said. 

An estimated 40 percent of cancers worldwide can be prevented by 
exercise, eating healthy foods and not using tobacco, according to the World 
Health Organization. 

More people in Asia are moving into cities and becoming overweight and obese from 
inactivity. They are replacing fruits and vegetables with fatty meals full of meat and 



salt, which is leading to increases in stomach and colon cancers. Meanwhile, 
traditional diseases like malaria are killing fewer people — building an aging population 
that's a prime target for cancer. The effect is already startling, with the Asia-Pacific 
making up about half of the world's cancer deaths and logging 4.9 million new cases, or 
45 percent, of the global toll in 2002. 

That number is projected to leap to 7.8 million by 2020 if nothing changes, according to 
Dr. Donald Max Parkin, a research fellow at the University of Oxford who is a leading 
authority on global cancer patterns and trends. 

China alone, with its booming economy and 1.3 billion people, is home to about one-
fifth of the world's new cases, compared to about 13 percent in the U.S. and 26 
percent in Europe, Parkin said. Heart disease remains the top killer in China, but cancer 
is a close second. 

Cancer deaths are slowly dropping in the United States, with slight declines recorded 
in 2003 and 2004. A decrease in smoking, coupled with early detection and better 
treatment of tumors is credited with the positive results — the first U.S. decline in cancer 
deaths since 1930. 

Smoking is on the rise in Asia, where it's common to see people lighting up in airports, 
restaurants and even hospitals. Lung cancer makes up the bulk of all cases regionwide, 
followed by stomach and liver cancers. It also remains the biggest cancer killer 
worldwide. "Lung cancer is the big one because of cigarette smoking. There are many 
tobacco advertisements — everywhere," said Dr. You-Lin Qiao from the Cancer Institute 
and Hospital in Beijing, who added that the odds are stacked against those diagnosed in 
China. "No matter if you're rich or poor, if you get lung cancer you die. There's no 
treatment at all." 

While Americans and Europeans have been abandoning smoking, an estimated 300 
million men are puffing away in China — equal to the entire U.S. population. If 
nothing changes, a third of Chinese men under age 30 are predicted to die from tobacco, 
with lung cancer already the biggest cancer killer there. 

Smokeless tobacco is also a big problem in Asia's other giant, India, where many men 
and women chew some form of tobacco. Mouth cancer makes up half of all new cases in 
parts of the country. 

A lack of vaccines that prevent cancer-causing viruses is another obstacle for Asia, 
which is home to about three-quarters of the world's liver cancers, caused largely by 
Hepatitis B infections. 

A vaccine guarding against the virus has been available since the early 1980s and is 
routinely given to children in Western countries, but it is still not reaching large swaths of 
the Asia-Pacific. 



Some experts worry it could take years before the new vaccine for the sexually 
transmitted human papillomavirus, or HPV, is available to women in developing 
countries. The three shots currently cost about $350 in the U.S. and are 70 percent 
effective against preventing HPV, the main cause of cervical cancer. It is already the No. 
2 cause of cancer among women in Asia, after breast cancer.  

"The problem is so huge that it's very difficult for us to know where to start," said Dr. 
Franco Cavalli, president of the nonprofit International Union Against Cancer. "All the 
new cancer treatments are so expensive, that already in the affluent countries 
we are not able to pay for them. ... So imagine what that means for low-income countries 
where you have $20 a year per person for health expenditures."  

Regular screening, such as Pap smears and mammograms, is too costly for many poor 
countries. Treatment with radiation or chemotherapy is unfathomable for most. And in 
Asia, many patients seek help from hospitals in the late stages of disease after traditional 
medicine has failed to cure them.  

Monika Bardhan of Malaysia's NCI Cancer Hospital has seen a dramatic increase in 
cancer patients over the past four years. "It's staggering. Every day I see a patient with 
breast cancer — I just hold my own and say a prayer."  

International Union Against Cancer, http://www.uicc.org/ 

1.8.8.3   Apoptosis eliminates cancerous and precancerous cells 
 
One of the important functions of apoptosis is the elimination of preneoplastic and 
neoplastic cells (Thompson, C. B. (1995) Apoptosis in the pathogenesis and treatment 
of disease. Science 267: 1456–146).  
 
1.8.8.4   Apoptosis utilizes EMODs 
 
In most forms of cell suicide, the signaling cascade utilizes reactive oxygen species as 
essential intermediate messenger molecules (Albright, C. D., Salganik, R. I., 
Craciunescu, C. N., Mar, M. H. & Zeisel, S. H. (2003) Mitochondrial and microsomal 
derived reactive oxygen species mediate apoptosis induced by transforming growth 
factor-beta1 in immortalized rat hepatocytes. J. Cell Biochem. 89: 254–261). 
 
1.8.8.5   Antioxidant depleted diet causes reduction in brain tumor size 
 
Salganik et al. observed a reduction in brain tumor size in the TgT  transgenic 
mouse model, which spontaneously develops brain cancer, when these mice were fed 
diets depleted of antioxidants (Slater, A. F., Nobel, C. S. & Orrenius, S. (1995) The role 
of intracellular oxidants in apoptosis. Biochim. Biophys. Acta 1271: 59–62).  
 
There was enhanced apoptosis within tumors of antioxidant depleted mice (Salganik, 
R. I., Albright, C. D., Rodgers, J., Kim, J., Zeisel, S. H., Sivashinskiy, M. S. & Van 



Dyke, T. A. (2000) Dietary antioxidant depletion: enhancement of tumor apoptosis and 
inhibition of brain tumor growth in transgenic mice. Carcinogenesis 21: 909–914).  
 
1.8.8.6   Breast cancer showed increased apoptosis with antioxidant depleted diet 
 
Recently, colleagues extended this observation to another cancer type, breast cancer 
(Albright, C. D., Salganik, R. I. & Van Dyke, T. (2004) Dietary depletion of vitamin E 
and vitamin A inhibits mammary tumor growth and metastasis in transgenic mice. J. 
Nutr. 134: 1139–1144).   
 
The term Vitamin E was introduced to describe a factor in the diet that is important for 
reproduction in animals and was given the name tocopherol, meaning child birth in 
Greek. Vitamin E deficiency produces degeneration of the seminiferous epithelium in 
male and 
fetal resorption in female rats. Different forms of tocopherols and tocotrienols have been 
identified and of these, alpha-tocopherol is the most biologically active member of the 
vitamin E family. It is found in polyunsaturated vegetable oils, major mammalian cell 
types, and cell 
membranes. It passively reaches the blood stream and liver after emulsifying together 
with the fat soluble components of the food and shows tissue-specific distribution. A 
selective transfer of α-tocopherol into lipoproteins was mediated by the specific α -
tocopherol transfer protein (α -TTP) in the hepatocyte. In addition, a protein capable of 
specifically binding tocopherol, a tocopherol-associated protein, was found in a large 
number of tissues, such as liver, prostate, and neural tissues. 
 
The mechanism of the physiological action of vitamin E was not very clear but some of 
the biological activities are attributed to its antioxidant activity. It plays a major role in 
the prevention of lipid peroxidation in biological membranes and is an important 
intramembrane antioxidant, membrane stabilizer, and lipid-soluble antioxidant. 
Numerous in vitro experiments have demonstrated antioxidant synergism between alpha-
tocopherol and ascorbate, reduced glutathione, NADPH, and cellular electron transport 
proteins (Vitamin E Stimulates Luteinizing Hormone-Releasing Hormone and Ascorbic 
Acid Release from Medial Basal Hypothalami of Adult Male Rats. S. Karanth, W.H. Yu, 
C.A. Mastronardi, and S.M. McCann. Exp Biol Med 228:779–785, 2003). 
 
1.8.8.7   Antioxidant depleted diet led to decreased metastasis and increased EMODs 
 
Using a transgenic mouse model of mammary tumorigenesis with defined rates of 
tumor growth and lung-targeted metastasis, they determined that dietary antioxidant 
depletion inhibited tumor growth and diminished metastasis. Compared with control 
mice fed a standard diet, mice fed an antioxidant-depleted diet exhibited tumor-
targeted generation of reactive oxygen species; the number of apoptotic cells in 
tumors increased 5-fold, and the percentage of tumor cells undergoing 
mitosis decreased by half. The mice fed the antioxidant-depleted diet had more 
small primary tumors and fewer large primary tumors than did controls, and they also had 



<30% of the number of lung metastatic tumor foci compared with mice fed the control 
diet. 
 
Antioxidants may exert a cancer-promoting effect in cancer patients and in individuals 
with precancerous DNA changes. Inhibition of apoptosis by antioxidants may explain 
why, in several studies in heavy smokers, vitamin E and β-carotene enhanced 
carcinogenesis in the lung (De Luca, L. M. & Ross, S. A. (1996) Beta-carotene increases 
lung cancer incidence in cigarette smokers. Nutr. Rev. 54: 178–180) (where, presumably, 
precancerous lesions caused by smoking predated antioxidant treatment). I believe that 
the fact that β-carotene is a singlet oxygen scavenger is also of prime importance in 
the increased rate of cancer seen in this study. 
 
Administration of antioxidants subsequent to a mutagenic event may effectively 
intercept free radicals that are critical in promoting apoptosis. This imbalance may 
allow the rate of proliferation in tumors to exceed the capacity for apoptosis. It seems 
reasonable to suggest that the potential risks and benefits of high-dose antioxidants 
need to be considered on a case-to-case basis, and indiscriminate use of antioxidant 
dietary supplements should be avoided.  
 
I wholeheartedly agree. 
 
1.8.8.8   Chemo and irradiation may fuel spread via TGF-beta 

Treating cancer with surgery, chemotherapy or radiation may sometimes cause 
tumors to spread and U.S. researchers said on Thursday they may have nailed down one 
of the causes -- a compound called TGF-beta. Tests in mice show that using the 
chemotherapy drug doxorubicin or radiation both raised levels of TGF-beta, which in 
turn helped breast cancer tumors spread to the lung. 

But using an antibody to block TGF-beta stopped the process, Dr. Carlos Arteaga and 
colleagues at Vanderbilt University in Tennessee reported. Developing drugs that block 
TGF-beta might help prevent cancer from recurring, Arteaga's team reports in the May, 
2007 issue of the Journal of Clinical Investigation. "The repopulation and 
progression of tumors after anti-cancer therapy is a well-recognized 
phenomenon," the researchers wrote. "It has been shown to occur following 
radiotherapy, chemotherapy, and surgery." 

Cancer experts have wondered if the so-called primary tumor -- the first and biggest 
tumor -- might somehow suppress the growth of other tumors, and that removing or 
destroying the first tumor might allow other, undetectable, tumors to then grow. TGF-
beta, which is involved in both the growth and suppression of tumors, may hold part 
of the answer, Arteaga's team said. 

When mice infected with human breast cancer cells were treated with radiation or 
doxorubicin, they had higher levels of TGF-beta in their blood. They also had more tiny 
tumor cells in their blood, and these cells metastasized, or spread, to the lungs. When the 



mice were treated with an antibody that suppresses TGF-beta, the spread stopped. 
And this spreading process did not occur at all in mice bred to lack the TGF-beta protein. 

"We wondered then if TGF-beta induced by anti-cancer therapies can serve as a survival 
signal for tumor cells, thus allowing them to withstand therapy and later recur," Arteaga 
said in a statement. Higher levels of TGF-beta after treatment may be a way to predict 
which patients are likely to have their cancer come back after treatment, Arteaga said. 

"It probably isn't just TGF-beta that is having this effect," Arteaga said. Many other 
compounds, including some immune system signaling chemicals, are also associated with 
tumor spread and growth. "TGF-beta may be just the tip of the iceberg," Arteaga said. 

1.8.9.0   EMOD increases suggested to treat cancer 

Reactive oxygen species are known to be potentially dangerous, but are also needed for 
signal-transduction pathways. Tumor cells have relatively low amounts of superoxide 
dismutase (SOD), which quenches superoxide anion O2

.- and as a result of a higher level 
of aerobic metabolism, higher concentrations of O2

.-, compared to normal cells. But this 
may not be true of all tumor cells. Some tumor cells have relatively higher amounts of 
vitamin E, a potent anti-oxidant, and a higher level of anaerobic metabolism, 
resulting in a balance that is tilted more towards higher anti-oxidant capacity. I 
believe that this reduction prone environment is condusive to neoplastic cellular 
proliferation and that increased oxidative conditions leads to apoptosis. Thus, 
cancer cells should like a high antioxidant level. 

In both instances of higher aerobic and anaerobic metabolism methods designed to 
augment free radical generation in tumor cells can cause their death. It is suggested that 
free radicals and lipid peroxides suppress the expression of Bcl-2, activate caspases and 
shorten telomere, and thus inducing apoptosis of tumor cells. Ionizing radiation, 
anthracyclines, bleomycin and cytokines produce free radicals and thus are useful as anti-
cancer agents. But they also produce many side-effects. 2-methoxyoestradiol and 
polyunsaturated fatty acids (PUFAs) inhibit SODs and cause an increase of O2

.- in 
tumor cells leading to their death. In addition, PUFAs (especially gamma-linolenic 
acid), 2-methoxyoestradiol and thalidomide may possess anti-angiogenic activity. 
This suggests that free radicals can suppress angiogenesis. Limited clinical studies 
done with gamma-linolenic acid showed that it can regress human brain gliomas 
without any significant side-effects. Thus, PUFAs, thalidomide and 2-
methoxyoestradiol or their derivatives may offer a new radical approach to the treatment 
of cancer (A radical approach to cancer. U. Das. Med Sci Monit. 2002 Apr;8(4):RA79-
92).  

1.8.9.1   Epoxide key to anti-cancer drug 

Combining synthetic chemistry techniques with a knowledge of the properties and 
actions of enzymes, scientists have been able to produce an exciting class of anti-cancer 
drugs originally isolated from blue-green algae.  



 
This accomplishment is expected to make it possible to produce enough of the promising 
drugs for use in clinical trials.  
 
In a study featured on the cover of the January issue of the journal ACS Chemical 
Biology, a scientific team lead by University of Michigan Life Sciences Institute 
Research Professor David H. Sherman and researcher Zachary Q. Beck found the trick to 
turning the green gunk into gold - cancer fighting gold.  
 
"It was simply too difficult to use the native blue-green algae for high-level production 
using traditional fermentation approaches," said Sherman. But the compound, called 
cryptophycin 1, held so much promise as an anti-cancer drug that organic chemists got 
busy trying to find ways to make a synthetic form of the compound in large enough 
quantities for clinical trials.  
 
Developing an efficient synthetic route to natural product compounds and their analogs is 
often an essential step in drug development. With drugs such as penicillin and 
tetracycline, it can easily be done, but cryptophycins present more of a challenge. 
Sherman's team realized that with all cryptophycins, the most difficult step came very 
late in the synthesis, at the point at which a key part called an epoxide - a highly 
strained, three-membered ring oxygen-containing group, crucial for the drug's anti-
cancer activity - becomes attached to the molecule.  
 
The epoxide group can be attached in two configurations, designated as alpha and beta. 
Scientists have known for several years that the beta configuration was 
absolutely required for the anti-cancer properties of the drug, but were 
unable to devise efficient synthetic strategies that favored that configuration.  
 
Sherman's team accomplished this by isolating the entire set of biosynthetic genes and 
key enzymes and developing a new, efficient method to manufacture the broad class of 
cryptophycin natural products, including important analogs with clinical potential. This 
included characterization of an enzyme, cytochrome P450, that always introduces the 
epoxide in the desired beta configuration.  
 
Sherman, who is also the John G. Searle Professor of Medicinal Chemistry in the College 
of Pharmacy, believes that this approach will allow effective new cryptophycin analogs 
with low levels of side effects to be created for clinical trials. ("Biosynthetic 
Characterization and Chemoenzymatic Assembly of the Cryptophycins. Potent 
Anticancer Agents from Nostoc Cyanobionts" by Magarvey N. A.; Beck Z. Q.; Golakoti 
T. ; Ding Y. ; Huber U. ; Hemscheidt T. K.; Abelson D. ; Moore R. E.; Sherman D. H. 
appeared online Dec.15 and is the cover story in the print version of ACS Chemical 
Biology January, 2007). 

1.8.9.2  O2
.- is mediator of 2-ME-induced apoptosis in leukemia and ovarian cancer 



Therapeutic selectivity is one of the most important considerations in cancer 
chemotherapy. The design of therapeutic strategies to preferentially kill malignant cells 
while minimizing harmful effects to normal cells depends on our understanding of the 
biological differences between cancer and normal cells. They have previously 
demonstrated that certain agents generating reactive oxygen species (ROS) such as 2-
methoxyestradiol (2-ME) preferentially kill human leukemia cells without exhibiting 
significant cytotoxicity in normal lymphocytes. The purpose of the current study was to 
investigate the biochemical basis for such selective anticancer activity. Malignant cells 
in general are more active than normal cells in the production of O2

.- are under 
intrinsic oxidative stress, and thus are more vulnerable to damage by ROS-
generating agents. The intrinsic oxidative stress in cancer cells was associated 
with the upregulation of SOD and catalase protein expression, likely as a mechanism 
to tolerate increased ROS stress. The increase in SOD and catalase expression was 
observed both in primary human leukemia cells and in primary ovarian cancer cells. 
Both malignant cell types were more sensitive to 2-ME than their 
normal counterparts, as demonstrated by the significant accumulation 
of O2

.- and subsequent apoptosis. The administration of ROS scavengers in 
combination with 2-ME prevented the accumulation of O2

.- and abrogated apoptosis 
induction. CONCLUSIONS: O2

.- is an important mediator of 2-ME-induced 
apoptosis. The increased oxidative stress in cancer cells forces these cells to rely more on 
antioxidant enzymes such as SOD for O2

.- elimination, thus making the malignant cells 
more vulnerable to SOD inhibition than normal cells (Intrinsic oxidative stress in cancer 
cells: a biochemical basis for therapeutic selectivity. EO Hileman et al. Cancer 
Chemother Pharmacol. 2004 Mar;53(3):209-19). 

1.8.9.3  Ovarian cancer rates lower in sunny latitudes 

Women in the sunnier regions of the world have a much lower risk of ovarian 
cancer than those who dwell in colder climates, a new study has found.  The findings, 
say researchers, suggest that sun exposure -- and, more precisely, vitamin D production 
in the body -- help prevent this cancer (American Journal of Preventive Medicine, 
December 2006).  Others have found that rates of breast cancer and colon cancer, for 
example, are higher among people living in higher latitudes, where annual sun exposure 
is limited.  One recent study found that adults who took 400 IU of vitamin D per day 
were half as likely as people who took no vitamin D supplements to develop pancreatic 
cancer. In addition, greater UV exposure and lower ozone levels were both linked to 
lower ovarian cancer rates. 

Lab research has also shown that vitamin D helps thwart cancer cell growth and 
proliferation.  The body of evidence on cancer and vitamin D suggests that modest sun 
exposure and use of vitamin D supplements could offer a cancer defense. But since many 
people get little sun, Garland recommended that adults take 2,000 IU of vitamin D a 
day, which is the "tolerable upper intake level" set by U.S. health officials.  That 
limit exists because of the risk of vitamin D toxicity, which causes elevated calcium 
levels in the blood and problems such as nausea, weight loss, fatigue and kidney 
dysfunction. 



1.8.9.4   Inhibit mitochondrial respiration, increase EMODs and kill cancer 

Cancer cells are under intrinsic increased oxidative stress and vulnerable to free 
radical-induced apoptosis. Pelicano et al. report a strategy to hinder mitochondrial 
electron transport and increase superoxide O2

.-. radical generation in human leukemia 
cells as a novel mechanism to enhance apoptosis induced by anticancer agents. This 
strategy was first tested in a proof-of-principle study using rotenone, a specific 
inhibitor of mitochondrial electron transport complex I. Partial inhibition of 
mitochondrial respiration 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. Using leukemia cells 
with genetic alterations in mitochondrial DNA and biochemical approaches, they further 
demonstrated that As2O3, a clinically active anti-leukemia agent, inhibits 
mitochondrial respiratory function, increases free radical generation, and enhances 
the activity of another O2

.-.-generating agent against cultured leukemia cells and primary 
leukemia cells isolated from patients. Their study showed that interfering mitochondrial 
respiration is a novel mechanism by which As2O3 increases generation of free radicals. 
This novel mechanism of action provides a biochemical basis for developing new drug 
combination strategies using As2O3 to enhance the activity of anticancer agents by 
promoting generation of free radicals (Inhibition of mitochondrial respiration: a novel 
strategy to enhance drug-induced apoptosis in human leukemia cells by a reactive oxygen 
species-mediated mechanism. H. Pelicano et al. J Biol Chem. 2003 Sep 
26;278(39):37832-9). I can simply do this with my singlet oxygen generating system. 
This study shows that partial inhibition of the electron transport chain increases 
EMOD production.  There is obviously a point at which inhibition of the ETC will 
reduce EMOD production.  One does not have to incur the deleterious effects of 
shutting down the respiratory chain with agents such as arsenic or rotenone.  All 
one has to do is supply more EMOD production via my singlet oxygen system.  The 
cancer cells are sensitive to higher EMOD levels for the induction of apoptosis and 
normal cells are not.   

1.8.9.5  SOD as possible target for killing cancer cells 

Superoxide dismutases (SOD) are essential enzymes that eliminate superoxide radical 
O2

.- and thus protect cells from damage induced by free radicals. The active O2
.- 

production and low SOD activity in cancer cells may render the malignant cells highly 
dependent on SOD for survival and sensitive to inhibition of SOD. Inhibition of SOD 
causes accumulation of cellular O2

.- and leads to free-radical-mediated damage to 
mitochondrial membranes, the release of cytochrome c from mitochondria and 
apoptosis of the cancer cells. Huang et al. results indicate that targeting SOD may be a 
promising approach to the selective killing of cancer cells, and that mechanism-based 
combinations of SOD inhibitors with free-radical-producing agents may have clinical 
applications (Superoxide dismutase as a target for the selective killing of cancer cells. P. 
Huang et al. Nature. 2000 Sep 21;407(6802):390-5).  I question this rationale. 

1.8.9.6  A super way to kill cancer cells? 



Estrogen derivatives have been found to inhibit superoxide dismutase and selectively kill 
human leukemia cells in vitro. But is SOD a realistic target for human cancer therapy? (A 
super way to kill cancer cells? Barry Halliwell. Nature Medicine  6, 1105 - 1106 (2000) 

Superoxide and other 'reactive oxygen species' have been implicated as contributors to 
tissue injury in a wide range of human diseases, and generation of excess reactive species 
can lead to cell death by apoptosis or, if the oxidative stress is severe, by necrosis 
(Halliwell, B. & Gutteridge, J.M.C. in Free Radicals in Biology and Medicine, 3rd 
edition. (Oxford University Press, UK, 1999).  

Increased formation of reactive oxygen species also accompanies 
apoptosis induced by most, if not all, other stimuli (Hampton, M.B., Fadeel, 
B., Orrenius, S. Redox regulation of the caspases during apoptosis. Ann. NY Acad. Sci. 
854, 328−335 (1998), and free radical scavengers often (but not always) 
delay such apoptosis (Hampton, M.B., Fadeel, B., Orrenius, S. Redox regulation of 
the caspases during apoptosis. Ann. NY Acad. Sci. 854, 328−335 (1998) (Jacobson, M.D. 
& Raff, M.C. Programmed cell death and Bcl-2 protection in very low oxygen. Nature 
374, 814−816 (1995).  

Apoptosis is now widely recognized as being a distinct process of importance both in 
normal physiology and pathology. In the current paradigm for apoptotic cell death, the 
activity of a family of proteases, caspases, related to interleukin-1 beta-converting 
enzyme (ICE) orchestrates the multiple downstream events, such as cell shrinkage, 
membrane blebbing, glutathione (GSH) efflux, and chromatin degradation that constitute 
apoptosis. Recent studies suggest that mitochondria could be the principle sensor and that 
the release of mitochondrial factors, such as cytochrome c, is the critical event governing 
the fate of the cell.--One of the most reproducible inducers of apoptosis is 
mild oxidative stress, although it is unclear how an oxidative stimulus 
can activate the caspase cascade. Oxidative modification of proteins and lipids 
has also been observed in cells undergoing apoptosis in response to nonoxidative stimuli, 
suggesting that intracellular oxidation may be a general feature of the effector phase of 
apoptosis. The caspases themselves are cysteine-dependent enzymes and, as such, appear 
to be redox sensitive. Indeed, our recent work on hydrogen peroxide-mediated apoptosis 
suggests that prolonged or excessive oxidative stress can actually prevent caspase 
activation. A physiological example of this is the NADPH oxidase-derived oxidants 
generated by stimulated neutrophils that prevent caspase activation in these cells 
(Hampton, M.B., Fadeel, B., Orrenius, S. Redox regulation of the caspases during 
apoptosis. Ann. NY Acad. Sci. 854, 328−335 (1998). 

Thus, many attempts are underway to develop treatments for human apoptosis-related 
diseases (especially for neurodegenerative diseases) using free radical scavengers 
(Halliwell, B. & Gutteridge, J.M.C. in Free Radicals in Biology and Medicine, 3rd 
edition. (Oxford University Press, UK, 1999) (Hampton, M.B., Fadeel, B., Orrenius, S. 
Redox regulation of the caspases during apoptosis. Ann. NY Acad. Sci. 854, 328−335 
(1998).  



Alternatively, if selective inhibitors of superoxide dismutases (SODs), enzymes that 
convert superoxide free radical (O2

-) into hydrogen peroxide (H2O2) and oxygen (O2), 
could be developed, cells would be rendered sensitive to free radical killing. In the  
September 21, 2000 issue of Nature, Huang et al. report that selective inhibition of SOD 
kills human cancer cells but not normal cells, suggesting that free radical-producing 
agents may also have clinical applications (Superoxide dismutase as a target for the 
selective killing of cancer cells. P. Huang et al. Nature. 2000 Sep 21;407(6802):390-5). 
 
There are two major forms of SOD in human cells—a mitochondrial isoform 
(manganese-containing SOD, MnSOD) and a copper-zinc containing SOD, CuZnSOD 
(ref. 1). CuZnSOD is primarily localized in the cytosol in mammalian cells, although 
some may be present in the nucleus, mitochondrial intermembrane space, lysosomes and 
peroxisomes. Transgenic mice lacking MnSOD do not survive for long, suffering 
severe lung damage and neurodegeneration (Huang, T.T., Carlson, E.J., Raineri, I., 
Gillespie, A.M., Kozy, H., Epstein, C.J. The use of transgenic and mutant mice to study 
oxygen free radical metabolism. Ann. NY Acad. Sci. 893, 95−112 (1999).  

Phenotypic defects in CuZnSOD-negative knockout mice are more subtle, but both 
enzymes appear essential for healthy aerobic life (Huang, T.T., Carlson, E.J., Raineri, 
I., Gillespie, A.M., Kozy, H., Epstein, C.J. The use of transgenic and mutant mice to 
study oxygen free radical metabolism. Ann. NY Acad. Sci. 893, 95−112 (1999) (Halliwell, 
B. & Gutteridge, J.M.C. in Free Radicals in Biology and Medicine, 3rd edition. (Oxford 
University Press, UK, 1999). 
 
1.8.9.7   2-methoxyoestradiol (2-ME) enhances apoptosis 

Huang et al. report that 2-methoxyoestradiol (2-ME), an estrogen derivative that 
lacks the ability to bind to the estrogen receptor, kills human leukemia cells 
(Superoxide dismutase as a target for the selective killing of cancer cells. P. Huang et al. 
Nature. 2000 Sep 21;407(6802):390-5).  

The authors also observed that other estrogen derivatives with modifications at the 2-
carbon have the same effect. Examination of cell morphology, DNA fragmentation and 
release of cytochrome c from the mitochondria revealed that 2-ME kills tumor cells by 
promoting apoptosis. The authors also demonstrate that 2-ME treatment causes 
inhibition of CuZnSOD activity and accumulation of cellular O2

- . Transfected 
ovarian cancer cells that overexpress CuZnSOD were less sensitive to killing by 2-
ME, whereas cells treated with antisense oligonucleotides to decrease SOD activity were 
more sensitive to 2-ME. 
 
Huang et al. argue that tumor cells are often low in SOD activity and thus should be 
especially sensitive to killing by SOD inhibition. However the authors should confirm 
their conclusion that 2-ME inhibits SOD using pulse radiolysis, which would demonstrate 
direct removal of O2

- . The 'indirect' assays of SOD used in their study have been shown 
to be prone to artifacts in a number of other studies (Beyer, W.F. Jr. & Fridovich, I. 
Assaying for superoxide dismutase activity: some large consequences of minor changes 

http://www.nature.com/nm/journal/v6/n10/full/nm1000_1105.html


in conditions. Anal. Biochem. 161, 559−566 (1987). 
 
Are inhibitors of SOD likely to be useful in treatment of human cancers? Huang et al. 
reported that 2-ME kills cancer cells taken from patients with several types of 
leukaemia (chronic lymphocytic, chronic myelogenous, acute lymphocytic, acute 
myelogenous) as well as five different tumor cell lines (Superoxide dismutase as a 
target for the selective killing of cancer cells. P. Huang et al. Nature. 2000 Sep 
21;407(6802):390-5).  

In contrast, other studies have reported that the malignant phenotype of human glioma 
cells could be suppressed by overexpression of MnSOD (Zhong, W., Oberley, L.W., 
Oberley, T.D. & St Clair, D.K. Suppression of the malignant phenotype of human glioma 
cells by overexpression of manganese superoxide dismutase. Oncogene 14, 481−490 
(1997).  

Hence, there is a need for caution in considering the use of SOD inhibitors in human 
therapeutics. Although many malignant cell lines appear to have low SOD activity (they 
are usually low in MnSOD and sometimes in CuZnSOD also), reduced SOD activity has 
not been found in human cancer cells taken from biopsies, and in some cases SOD 
activities are higher than those in adjacent normal tissues (Malafa, M., Margenthaler, J., 
Webb, B., Neitzel, L. & Christophersen, M. MnSOD expression is increased in metastatic 
gastric cancer. J. Surg. Res. 88, 130−134 (2000) (Westman, N.G. & Marklund, S.L. 
Copper- and zinc-containing superoxide dismutase and manganese-containing superoxide 
dismutase in human tissues and human malignant tumors. Cancer Res. 41, 2962−2966 
(1981). 
 
Inhibition of SOD may also be dangerous, as some tumor cell lines have been reported 
to utilize O2

- and/or H2O2 to suppress caspase activity. Caspases possess-SH groups 
that are essential for their catalytic activity and are sufficiently exposed to be accessible 
to inactivation by reactive oxygen species. Hence in some tumor cells O2

- and H2O2 
may promote tumor survival, malignancy and tumor invasiveness (Clement, M.V. & 
Pervaiz, S. Reactive oxygen intermediates regulate cellular apoptosis response to 
apoptotic stimuli: an hypothesis. Free Rad. Res. 30, 247−252 (1999) (Fig. 1). For 
example, in M14 melanoma cells, O2

- inhibits drug-induced apoptosis. Similar 
paradoxes exist for the free radical nitric oxide (NO-), which has been implicated in both 
cancer suppression and progression. 

Mechanisms of free radical action. 
 



 

Superoxide dismutases (SOD) convert superoxide free radical (O2
-) into hydrogen peroxide (H2O2) and oxygen (O

other transition metal ions to generate DNA-damaging hydroxyl radical (OH-). O2
-can also react with nitric oxide (

(ONOO-). DNA damage activates p53, leading to apoptosis and suppression of tumor growth. However, DNA damag
inactivate p53, leading to escape from cell cycle control and even development of resistance to chemotherapy (pro
derived from them (OH-, ONOO-) can damage mitochondria to cause cytochrome c release and activate apoptosis. 
source of O2

- and H2O2. Alternatively, O2
-/H2O2 can suppress apoptosis by inhibition of caspase enzymes. This w

of NO- in tumor development is similarly paradoxical. 

 

Although the results of Huang et al. are intriguing, we should be careful in making 
generalizations based on in vitro studies, as the in vivo effects of free radicals are 
complex. However, this study is encouraging, as the authors performed the studies on 
primary tumor cells taken directly from patients. Additional studies on the effects of 
antioxidants and pro-oxidants on tumor growth in animals, and eventually in 
humans, are needed, to clarify which radical-dependent mechanisms (pro-death or anti-
death) predominate in the clinical situation. 

1.8.9.8   Olive Fruit Extracts Inhibit Proliferation and Induce Apoptosis (maslinic 
acid) 

Olives and olive oil are important ingredients of the Mediterranean diet and have 
been associated with lower cancer risk. Olives are rich in healthy fatty acids but also 
contain some specific phytochemicals such as triterpenoids. These phytochemicals are 
mainly concentrated in the skin and function as insect antifeedants (aversive 
phytochemicals that inhibit feeding) and antimicrobial agents. Other triterpenoids found 
in plants and which protect against cancer are betulinic acid and ursolic acid. Previous 
studies with animals have shown that olive oil protects them against UV induced 
skin damage and inhibits colon carcinoma. 
 
The main phytochemicals of the olive skin extract are triterpenes such as maslinic acid 
and oleanolic acid. The researchers found a dose-dependant antiproliferative activity of 
the phytochemicals. The extract also caused apoptosis of the colon cancer cells and 
activation of caspase-3, which is a key executioner of apoptosis. The cell death was 
induced by the intrinsic pathway as indicated by the presence in superoxide anions in the 
mitochondria. The olive extract caused a significant increase in reactive 
oxygen species levels in the mitochondria of the colon cancer cells. The 
concentration of maslinic acid and oleanolic acid used in this in-vitro test could also be 
realized by normal consumption of olive oil. Mediterranean people consume daily 33 g 
olive oil, which contains 34 mg maslinic acid and 25 mg oleanolic acid. 
 
The study concluded that the phytochemicals maslinic acid and oleanolic acid from olive 
skin extract inhibited cell proliferation and induced apoptosis of colon cancer cells, 
without being toxic to normal cells (Olive Fruit Extracts Inhibit Proliferation and Induce 
Apoptosis in HT-29 Human Colon Cancer Cells. Juan ME, Wenzel U, Ruiz-Gutierrez V, 



Daniel H and Planas JM. Journal of Nutrition. 2006 October;136(10):2553-7). I believe 
that this is another study showing the prooxidant protective against cancer.  In this 
case it was likely the result of the prooxidant activity of maslinic acid. 

1.9.0.0   STDs  

1.9.0.1  Sexually Transmitted Infections - the Market 
VivaGel™ is designed to offer safer sex. It has the potential to prevent transmission of 
genital herpes (HSV-2), HIV and other STIs. It is intended to be used throughout a 
woman's active sexual lifetime. In addition to the personal benefit that an individual 
would gain by remaining free of these diseases, VivaGel™ could greatly reduce the 
financial burden on the health systems of the world if successful. For example, in the US 
HIV and AIDS have “Direct medical costs of up to $15.5 billion per annum” (Source: 
Mircobicide Development Act). This means that both individuals and governments may 
be motivated to pay for the product if it fulfils its promise as an effective microbicide. 
 
Independent research has been conducted on the likelihood that women will use a 
suitable microbicide. For example the article, “Microbicide Preference among Young 
Women in California” published in April 2006 in the Journal of Women's Health found 
that a first generation microbicide would enjoy a predicted intent to purchase in excess of 
40% amongst young American women. 
 
Studies across a wide range of countries have shown strong levels of interest in 
microbicides (at 5 times the cost of a condom) by women. 
 
1.9.0.2  HSV-2 
In the US, approximately 45 million Americans (26% of women and 18% of men) are 
infected with HSV-2, the causative agent of genital herpes. Genital herpes is the 
unrecognised pandemic of the industrialised world. Many patients are asymptomatic and 
pass on the virus unknowingly. In addition to the painful ulcers caused by HSV-2, 
patients often develop depression and anxiety. The presence of HSV-2 increases a 
person's risk of HIV infection by four to eight times. HSV-2 remains in affected nerve 
cells throughout life and can be activated to produce symptoms intermittently in some 
infected individuals. There is no cure for genital herpes. Ulcers typically last 3-4 weeks 
and may occur 4-5 times each year in affected patients. Ulcerative episodes can be 
suppressed by daily doses of anti-virals but these are expensive. 
 
Genital herpes is the most common cause of ulcerative genital disease in the US. The 
prevalence is estimated at between 15 and 25% across all countries with a 16% rate in 
women in Australia (12% overall). The incidence rate of genital herpes has risen rapidly 
and without intervention the prevalence in the US is expected to increase to 39% of men 
and 49% of women by 2025. The estimated cost of genital herpes in the US is over 
US$1.5 billion per year. 
 
1.9.0.3  HIV 
In the US, AIDS is now the number one cause of death among African-American women 



between the ages of 25 and 34. HIV infects more than 40 million people worldwide. 
About half of those infected are women and transmission by heterosexual intercourse is 
thought to cause 90% of cases. Seven thousand women are newly infected with HIV each 
day. 
 
In the developed world, the relative proportions differ from worldwide figures. For 
example, in the US, more than 1 million people live with HIV. This figure includes 
200,000 women, of whom about 65% were infected through heterosexual contact. By the 
end of 2004, nearly 15,000 Australians were infected with HIV. The medical cost of HIV 
in the US alone is in the region of US$15 billion per year. 
 
Existing preventative measures for HIV such as condoms have proved ineffective in 
stemming the rate of infection and over 50 potential HIV vaccines have failed to provide 
protection. It is estimated that an effective vaccine is many years away.  This information 
was taken from the VivaGel website. 

As HIV disease progresses in a person infected with the HIV virus, a group of cells in the 
immune system, the CD8+ T lymphocytes, become "exhausted," losing many of their 
abilities to kill other cells infected by the virus. For many years scientists have debated 
whether this exhaustion of CD8+ T cells is the cause, or the consequence, of persistence 
of the HIV virus. In a study published in PLoS Medicine, Marcus Altfeld and colleagues 
studied the immune response over time amongst 18 individuals who had very recently 
become infected with HIV.  
 
These researchers found that the presence of high amounts of HIV in the blood seemed to 
cause CD8+ T cell exhaustion; when antigen was reduced, either as a result of treatment 
with antiretroviral drugs, or evolution of viral epitopes to avoid recognition by CD8+ T 
cells, these epitope-specific CD8+ T cells recovered some of their original functions. 
These findings suggest that CD8+ T cell exhaustion is the consequence, rather than 
the cause, of persistent replication of HIV.  
 
In a related article, Sarah Rowland-Jones and Thushan de Silva (from the Medical 
Research Council in Gambia), who were not involved in the study, discuss approaches to 
treat HIV efficiently by suppressing the viral load early in infection aimed at preserving 
HIV-1-specific immune function. They evaluate whether such strategies are likely to be 
practical. (Antigen load and viral sequence diversification determine the functional 
profile of HIV-1- specific CD8þ T cells. Streeck H, Brumme ZL, Anastario M, Cohen 
KW, Jolin JS, et al. (2008)PLoS Med 5(5):e100.). Related (PLoS Medicine Research in 
Translation:  Resisting immune exhaustion in HIV-1 infection. Rowland-Jones S, de 
Silva T (2008) PLoS Med 5(5): e103). 

I believe that an EMOD insufficiency is one of the primary factors which result in 
the inability of the CD8+ cells to kill the virus.  

1.9.0.4   HIV/AIDS in blacks in US 



Blacks make up around 12.8 percent of the U.S. population but comprised 50 percent of 
new diagnoses of HIV in 2003, according to data from the Centers for Disease Control 
and Prevention and the U.S. Census Bureau.  

In Georgia, 78 percent of people diagnosed with AIDS and 81 percent of people 
diagnosed with HIV in 2005 were black, as were almost all of the women who were 
newly diagnosed, said Melanie Thompson, the trial's lead investigator. 

"African-American men are disproportionately affected by HIV and underrepresented in 
clinical trials. We are testing in order to know whether a drug is safe for the people who 
will ultimately use the drug.”  "The black gay community has become complacent about 
HIV and STDs (sexually transmitted diseases) as a whole," said Duncan Teague, 
recruitment coordinator for the project. 
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