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1.9.0.5   HIV infection raises lung cancer risk 

Independent of cigarette smoking, infection with HIV, the virus that causes AIDS, is 
associated with an elevated risk for developing lung cancer, a study shows.  Dr. 
Gregory D. Kirk from the Bloomberg School of Public Health, Johns Hopkins 
University, Baltimore, Maryland and colleagues evaluated lung cancer deaths among 
participants in injection drug users followed since 1998 as part of an AIDS study. 

There were 27 lung cancer deaths among the 2,086 participants; 14 of the deaths occurred 
in HIV-infected subjects.  After adjusting for potentially confounding factors like age, 
sex and smoking status, HIV infection was associated with a 3.6-fold increased risk 
for lung cancer death compared to HIV-negative status. 

"As HIV-infected persons survive longer, we are continuing to see that non-AIDS 
outcomes are becoming the primary causes of morbidity and mortality," Kirk told Reuters 
Health on 7/6/07. "Our study suggests that the risks for these non-AIDS outcomes may be 
modulated by HIV infection." 

"We hope to combine our data with other HIV and at-risk cohort studies to confirm the 
association between HIV and lung cancer," Kirk said.  "Also, we are evaluating a series 
of smoking/tobacco related biomarkers in HIV infected and uninfected persons with 
similar smoking patterns to compare if the biological effect of smoking differs by HIV 
status, and if so, is this related to degree of immune suppression or to antiretroviral 
treatment," he added (Gregory D. Kirk. Clinical Infectious Diseases, July 1, 2007). I 
believe that this is an example of EMOD insufficiency resulting in increased 
occurrence of cancer, as I have predicted. 

1.9.0.6   Maslinic acid Gets 80% Slowing Down Of HIV Spread 

A compound from olive-pomace oil gets 80% slowing down of HIV spread  
Olive oil has become part of the fight against the Human Immunodeficiency Virus (HIV) 
- the cause of AIDS - thanks to research carried out by the Bionat team, from the 
University of Granada (Universidad de Granada), headed by Prof. AndrÃ©s GarcÃa-
Granados, senior lecturer in Organic Chemistry. Their work shows that maslinic acid - a 
natural product extracted from dry olive-pomace oil in oil mills - inhibits serin-
protease, an enzyme used by HIV to release itself from the infected cell into the 
extracellular environment and, consequently, to spread the infection into the whole body. 
These scientists from Granada determined that the use of olive-pomace oil can produce 
an 80% slowing down in AIDS spreading in the body. 
 
Maslinic or crataegolic acid is a pentacyclic terpene with antioxidant and anticancer 
effects found in wax from olive skin, alongside oleanolic acid. (RMH Note:  Maslinic 
acid is not an antioxidant.  It increases EMOD production.).  

Maslinic acid innovative properties stem from its powerful protease-inhibition activity, 
allowing researchers from Granada to register two patents on behalf of the UGR to 



produce drugs for treatment of diseases caused by protozoa Cryptosporidium - a parasite 
causing small intestine infection and diarrhoea - and by HIV. The University of Granada 
has already registered almost ten other patents related to this compound ‘s properties. 
Maslinic acid is also a very active compound in opportunistic parasitic infections 
seriously affecting HIV patients. I believe that its actions against cancer and HIV are 
due to it prooxidant activity and increased EMOD production. 
 
In trials carried out by these researchers with the MT2 cell line, for concentrations of 25 
and 30 Âµg/ml maslinic acid inhibited replication of a primary HIV-1 isolate. For 25 
Âµg/ml a decrease in the cytopathic effect and in p24 antigen levels in the supernatant 
culture medium was detected. For 30 Âµg/ml, there was total absence of the cytopathic 
effect and also a decrease of p24 antigen levels. 
 
The UGR Faculty of Sciences hosts a unique maslinic acid production pilot plant where 
the company MANINVEST S.L. - staffing scientists from the UGR departments of 
Organic Chemistry, Biochemistry and Parasitology. Whilst manitol is obtained from olive 
oil waste water (alpechÃn) and olive-tree leaves, both acids are extracted from dry olive-
pomace oil (orujo) produced at the olive-milling stage during olive oil elaboration 
process. To this day, only oleanolic acid - produced in China - has been marketed. 
However, maslinic acid has gained importance as it is not still on the market and has 
a greater biological activity. 
 
HIV and AIDS is a disease affecting 39.5 million people all over the world, according to 
the latest data by UNAIDS and the World Health Organisation (WHO). The number of 
HIV infected people has decreased from 40.3 millions in 2005 to 39.5 millions in 2006, 
and new yearly infections have been reduced from 5 million to 4.3 million, according to 
both international organisations. 

1.9.0.7   Bilirubin: pro- or antioxidant 

Bilirubins were once regarded as toxic wastes, of importance only when excessively high 
levels of unconjugated bilirubin (UCB) led to the development of encephalopathy. It is 
now appreciated that bilirubins and biliverdin are extremely potent antioxidants, and 
that these antioxidant properties may be cytoprotective, even at physiological 
concentrations (Stocker R, Yamamoto Y, McDonagh AF, et al. Bilirubin is an 
antioxidant of possible physiological importance. Science 1987;235:1043–6) (Stocker R, 
Peterhans E. Synergistic interaction between vitamin E and the bile pigments bilirubin 
and biliverdin. Biochim Biophys Acta 1989;1002:238–44) (Tomaro ML, Batlle AM D. 
Bilirubin: its role in cytoprotection against oxidative stress. Int J Biochem Cell Biol 
2002;34:216–20) (Dore S, Snyder SH. Neuroprotective action of bilirubin against 
oxidative stress in primary hippocampal cultures. Ann N Y Acad Sci 1999;890:167–72).  

The antioxidant effects of bilirubins and biliverdin are mediated largely by sacrificial 
oxidation of these pigments, consuming reactive oxygen species that could damage 
membrane lipids (Ostrow JD, Kapitulnik J. Alternate pathways of heme and bilirubin 



metabolism. In: Ostrow JD, ed. Bile pigments and jaundice: molecular, metabolic and 
medical aspects. New York: Marcel Dekker, 1986:421–38).  

However, UCB also regenerates other natural antioxidants, and traps a variety of 
reactive oxygen species (Stocker R, Glazer AN, Ames BN. Antioxidant activity of 
albumin-bound bilirubin. Proc Natl Acad Sci U S A 1987;84:5918–22).  

Binding to plasma albumin, and possibly to cytosolic proteins, enhances the 
antioxidant potency of UCB. Thus both bound and unbound UCB and conjugated 

bilirubins in plasma and the cytosol are available to protect cell membranes from lipid 
peroxidation. By contrast, it is only "free" UCB (Bf), the <0.1% of total plasma UCB that 
is not protein bound, that can enter cells by passive or facilitated diffusion that determines 
its toxic effects intracellularly (Ahlfors CE. Bilirubin-albumin binding and free bilirubin. 
J Perinatol 2001;21 (suppl 1):S40–2). 

UCB is a curse at high concentrations, producing apoptosis and cell death, but a boon at 
more physiological levels, protecting cells against oxidant damage. 

Low levels of endogenous UCB, generated intracellularly by microsomal heme 
oxygenases, likewise protect against oxidative damage to cells (Clark JE, Foresti R, 
Green CJ, et al. Dynamics of haem oxygenase-1 expression and bilirubin production in 
cellular protection against oxidative stress. Biochem J 2000;348:615–19).  

This raises a seeming paradox—how can such low (nanomolar) concentrations of UCB 
be protective against the much higher (micromolar) concentrations of reactive oxygen 
species, especially as UCB is destroyed in the the process?  I believe that bilirubin is 
similar to vitamin C, in that low concentrations are antioxidants and high 
concentrations are prooxidants.  I believe that the prooxidant activity of UCB is 
responsible for its apoptotic activity. 

1.9.1.0   Death and previous lives….levity 

 

As a species, we suffer mass amnesia 
of all of our previous lives. 

How quickly we forget. 
R. M. Howes, M.D., Ph.D. 

1/3/08 
 
 
 
 
 

 



Queries concerning our previous lives and  
speculations on our unspecified programmed deaths 

are just too damn personal  
to discuss. 

R. M. Howes, M.D., Ph.D. 
5/09/08 

 

 

1.9.1.1 Apoptosis of prostate cancer cells mediated by EMODs 

Investigative studies were undertaken to gain insights into the molecular mechanism of 
apoptosis induction by phenethyl isothiocyanate (PEITC), which is a cancer 
chemopreventive constituent of cruciferous vegetables, using PC-3 human prostate 
cancer cells as a model. The PEITC-induced cell death in PC-3 cells was associated 
with disruption of the mitochondrial membrane potential, release of apoptogenic 
molecules (cytochrome c and Smac/DIABLO) from mitochondria to the cytosol and 
generation of reactive oxygen species (ROS), which were blocked in the presence of 
a combined mimetic of superoxide dismutase and catalase (Euk134). Ectopic 

expression of Bcl-xL, whose protein level is reduced markedly on treatment of PC-3 cells 
with PEITC, conferred partial protection against PEITC-induced apoptosis only at higher 
drug concentrations (>10 µM). Administration of 12 µmol PEITC/day (Monday through 
Friday) by oral gavage significantly retarded growth of PC-3 xenografts in athymic 
mice. For instance, 31 days after the initiation of PEITC administration, the average 

tumor volume in control mice (721 ± 153 mm3) was 2-fold higher compared with mice 
receiving 12 µmol PEITC/day. The PEITC-mediated inhibition of PC-3 xenograft growth 
was associated with induction of Bax and Bid proteins. In conclusion, the present study 
indicates that the PEITC-induced apoptosis in PC-3 cells is mediated by ROS-
dependent disruption of the mitochondrial membrane potential and regulated by Bax and 
Bid (Phenethyl isothiocyanate-induced apoptosis in PC-3 human prostate cancer cells is 
mediated by reactive oxygen species-dependent disruption of the mitochondrial 
membrane potential. D. Xiao et al. Carcinogenesis 2006 27(11):2223-2234). I believe 
that this is merely another study demonstrating the important apoptotic role of 
EMODs in protection against cancer. 

1.9.1.2   EMODs (sulforaphane, SFN)-apoptosis of prostate cancer cells blocked by 
NAC 

Investigators 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 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., Vol. 280, 
Issue 20, 19911-19924, May 20, 2005).  This important study shows that the apoptosis 
was induced by H2O2 and blocked by the antioxidant NAC.  Again, EMODs kill 
cancer and antioxidants protect cancerous cells and allow them to proliferate. 

1.9.1.3   Human breast cancer cells killed by EMODs induced by isothiocyanates 

Epidemiologic studies have revealed an inverse correlation between dietary intake of 
cruciferous vegetables and the risk of breast cancer. Cruciferous vegetable constituent 
benzyl isothiocyanate (BITC) effectively suppresses growth of cultured human breast 
cancer cells (MDA-MB-231 and MCF-7) by causing G2-M phase cell cycle arrest and 
apoptosis induction. On the other hand, a normal mammary epithelial cell line (MCF-
10A) is significantly more resistant to growth arrest and apoptosis by BITC compared 
with breast cancer cells. (RMH Note:  This due to the fact that normal cells have 
lower levels of EMODs and need more than a neoplastic cell to induce apoptosis, 
which I have discussed in my other books.). The BITC-mediated cell cycle arrest was 
associated with a decrease in levels of proteins involved in regulation of G2-M transition, 
including cyclin B1, cyclin-dependent kinase 1, and cell division cycle 25C. The BITC-
induced apoptosis correlated with induction of proapoptotic proteins Bax (MCF-7) and 
Bak (MDA-MB-231 and MCF-7) and down-regulation of antiapoptotic proteins Bcl-2 
and Bcl-xL (MDA-MB-231). The SV40-immortalized mouse embryonic fibroblasts 

derived from Bax and Bak double knockout mice were significantly more resistant to 
BITC-induced DNA fragmentation compared with wild-type mouse embryonic 
fibroblasts. The BITC treatment caused rapid disruption of the mitochondrial membrane 
potential, leading to cytosolic release of apoptogenic molecules, which was accompanied 

by formation of autophagosome-like structures as revealed by transmission electron 
microscopy. The BITC-mediated apoptosis was associated with generation 



of reactive oxygen species and cleavage of caspase-9, caspase-8, and caspase-3. 
Apoptosis induction by BITC was significantly attenuated in the presence of a 
combined superoxide dismutase and catalase mimetic EUK134 as well as caspase 
inhibitors. In conclusion, the present study reveals a complex signaling leading to growth 
arrest and apoptosis induction by BITC (Benzyl isothiocyanate–induced apoptosis in 
human breast cancer cells is initiated by reactive oxygen species and regulated by Bax 
and Bak. D, Xiao et al. Mol Cancer Ther. 2006;5:2931-2945). 

1.9.1.4   Cannabidiol-Induced Apoptosis in Human Leukemia Cells 

Investigtors examined the effects of the nonpsychoactive cannabinoid, cannabidiol, on 
the induction of apoptosis in leukemia cells. Exposure of leukemia cells to cannabidiol 
led to cannabinoid receptor 2 (CB2)-mediated reduction in cell viability and induction in 
apoptosis. Furthermore, cannabidiol treatment led to a significant decrease in tumor 
burden and an increase in apoptotic tumors in vivo. From a mechanistic standpoint, 
cannabidiol exposure resulted in activation of caspase-8, caspase-9, and caspase-3, 
cleavage of poly(ADP-ribose) polymerase, and a decrease in full-length Bid, suggesting 
possible cross-talk between the intrinsic and extrinsic apoptotic pathways. The role of the 
mitochondria was further suggested as exposure to cannabidiol led to loss of 

mitochondrial membrane potential and release of cytochrome c. It is noteworthy that 
cannabidiol exposure led to an increase in reactive oxygen species (ROS) 
production as well as an increase in the expression of the NAD(P)H oxidases Nox4 
and p22phox. Furthermore, cannabidiol-induced apoptosis and reactive oxygen species 
(ROS) levels could be blocked by treatment with the ROS scavengers or the 
NAD(P)H oxidase inhibitors. Finally, cannabidiol exposure led to a decrease in the 
levels of p-p38 mitogen-activated protein kinase, which could be blocked by treatment 
with a CB2-selective antagonist or ROS scavenger. Together, the results from this 

study reveal that cannabidiol, acting through CB2 and regulation of Nox4 and p22phox 
expression, may be a novel and highly selective treatment for leukemia (Cannabidiol-
Induced Apoptosis in Human Leukemia Cells: A Novel Role of Cannabidiol in the 
Regulation of p22phox and Nox4 Expression. Robert J. McKallip et al. Mol Pharmacol 
70:897-908, 2006). I believe that this again emphasizes the significant role of EMODs 
in cancer apoptosis. 

The eight most common malignancies are cancers of lung, breast, colon and rectum, 
stomach, prostate, liver, cervix, and esophagus.  In 2002, an estimated 11 million new 
cancer cases and 7 million cancer deaths were reported worldwide; nearly 25 million 
persons were living with cancer. Among the eight most common cancers, global 
disparities in cancer incidence, mortality, and prevalence are evident, likely due to 
complex interactions of nonmodifiable (ie, genetic susceptibility and aging) and 
modifiable risk factors (ie, tobacco, infectious agents, diet, and physical activity). Indeed, 
when risk factors among populations are intertwined with differences in individual 
behaviors, cultural beliefs and practices, socioeconomic conditions, and health care 
systems, global cancer disparities are inevitable (Journal of Clinical Oncology, Vol 24, 
No 14 (May 10), 2006). 



1.9.1.5   Apoptosis and cell death 

Cell death is an essential phenomenon in normal development and homeostasis, but 
also plays a crucial role in various pathologies. This means that generation of EMODs 
is essential also.  Our understanding of the molecular mechanisms involved has 
increased exponentially, although it is still far from complete. The morphological features 
of a cell dying either by apoptosis or by necrosis are remarkably conserved for quite 
different cell types derived from lower or higher organisms.  

At the molecular level, several gene products play a similar, crucial role in a major cell 
death pathway in a worm and in man. However, one should not oversimplify. It is now 
evident that there are multiple pathways leading to cell death, and some cells may have 
the required components for one pathway, but not for another, or contain endogenous 
inhibitors which preclude a particular pathway. Furthermore, different pathways can co-
exist in the same cell and are switched on by specific stimuli. Apoptotic cell death, 
reported to be non-inflammatory, and necrotic cell death, which may be inflammatory, 
are two extremes, while the real situation is usually more complex. The distinguishing 
features of the various cell death pathways are: caspases (cysteine proteases cleaving 
after particular aspartate residues), mitochondria and/or reactive oxygen species are 
often, but not always, key components. As these various caspase-dependent and 
caspase-independent cell death pathways are becoming better characterized, we may 
learn to differentiate them and perhaps exploit the knowledge acquired for clinical benefit 
(More than one way to die: apoptosis, necrosis and reactive oxygen damage. W Fiers, R 
Beyaert, W Declercq, P Vandenabeele. Oncogene (1999) 18: 7719-30). 

1.9.1.6   Metallothionein Is a Potential Negative Regulator of Apoptosis 

Apoptotic resistance can either be desirable or undesirable, depending on the conditions. 
In cancer chemotherapy, it is critical that tumor cells are selectively and effectively 
killed while leaving normal cells undamaged. Since acquisition of apoptotic resistance 
appears to be a common occurrence during malignant transformation, elucidating the 
mechanisms underlying apoptotic resistance is an area of intense study. Previous studies 
have revealed that metallothionein (MT) can protect cells from apoptosis 

induced by oxidative stress and metals. In the present study, we tested the 
hypothesis that the presence of MT may somehow modulate apoptosis. Their results 
revealed a strong linear negative correlation between basal MT levels and etoposide-
induced apoptosis in the human tumor cell lines PLC/PRF/5, H460, and HepG2 (r = -
0.991). In HepG2 cells, 24 h pretreatment with cadmium resulted in concentration-
dependent increases in MT levels and marked decreases in etoposide-induced apoptosis. 
Zinc pretreatment also resulted in increased MT synthesis and decreased etoposide-
induced apoptosis. More importantly, induced MT levels were negatively correlated with 
sensitivity to etoposide-induced apoptosis (r = -0.965). These suggest that MT may play a 
role in regulating apoptosis and that modulating MT expression may provide a strategy 

for altering cellular resistance to chemotherapeutic compounds (Metallothionein Is a 
Potential Negative Regulator of Apoptosis. Ryuya Shimoda et al. Toxicological Sciences 
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73, 294-300 (2003).  Again, I believe that this indicates that antioxidants may block 
cancer cell apoptosis and lead to proliferation of cancerous growths. 

1.9.1.7   Cytochrome c, hydrogen peroxide and apoptosis 
 
It has now become recognized that one of the key events in the induction of apoptosis, 
or programmed cell death, in both plants and animals is the release of cytochrome c 
from mitochondria. It is also known that oxidative stress imposed on cells can have a 
profound effect on the onset or progression of apoptosis. The redox status of 
cytochrome c, and thus its structure, can be altered by the presence of reactive oxygen 
species (ROS) and reduced glutathione (GSH). Hancock suggests that cytochrome c will 
only induce programmed cell death if present in the cytoplasm in the oxidized state, and 
that the presence of high levels of cytoplasmic GSH maintain cytochrome c in an inactive 
(reduced) state, thus behaving as a fail-safe mechanism if cytochrome c is released by 
mitochondria when programmed cell death is not the required outcome. If the redox 
status of the cell is disturbed however, perhaps in the presence of hydrogen peroxide, 
GSH concentrations will drop, the cellular E(h) will rise, and cytochrome c will tend 
towards the oxidized state, allowing programmed cell death to proceed. Therefore, 
Hancock proposed that the redox state of cytoplasmic cytochrome c may be a key 
regulator of programmed cell death (Does the redox status of cytochrome C act as a fail-
safe mechanism in the regulation of programmed cell death? JT Hancock, R Desikan, SJ 
Neill. Free Radic Biol Med (2001) 31: 697-703). I also believe that the overall redox 
status of the cell is of prime importance and usually it should be on the oxidative 
side. 

1.9.2.0   H2O2 concentration modulates cellular response of arrest or apoptosis 

Reactive oxygen species such as hydrogen peroxide H2O2 can positively and negatively 
modulate vascular smooth muscle cell (VSMC) growth. To investigate these paradoxical 
effects of H2O2, we examined its effect on apoptosis, cell cycle progression, and cell 
cycle proteins. High concentrations of  (500 microM to 1 mM) induced apoptosis, 
whereas moderate concentrations (100 microM) caused cell cycle arrest in G1. H2O2 
(100 microM) blocked serum-stimulated cyclin-dependent kinase-2 (CDK2) activity, but 
not CDK4 activity, suggesting that cell cycle arrest occurred in part by inhibiting CDK2 
activity. The serum-induced increase in cyclin A mRNA was also completely suppressed 
by H2O2, whereas cyclin D1 mRNA was not affected. In addition, H2O2 caused a 
dramatic increase in expression of the cell cycle inhibitor p21 mRNA (9.67 +/- 0.94-fold 
at 2 h) and protein (8.75 +/- 0.08-fold at 8 h), but no change in p27 protein. Finally, H2O2 

transiently increased p53 protein levels (3.16 +/- 1.2-fold at 2 h). Thus, whereas high 
levels of H2O2 induce apoptosis, moderate concentrations of H2O2 
coordinate a set of molecular events leading to arrest of VSMCs at the 
G1/S checkpoint of the cell cycle. These results provide insight into the mechanisms 
underlying positive and negative regulation of VSMC growth by H2O2 in vascular 
disease (Mechanism of hydrogen peroxide-induced cell cycle arrest in vascular smooth 
muscle. NN Deshpande, D Sorescu, P Seshiah, M Ushio-Fukai, M Akers, Q Yin, KK 
Griendling. Antioxid Redox Signal (2002) 4: 845-54).   
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1.9.2.1   Caspases are reversibly inactivated by H2O2 

Hydrogen peroxide (H2O2) is known to both induce and inhibit apoptosis, however the 
mechanisms are unclear. Investigators found that H2O2 inhibited the activity of 
recombinant caspase-3 and caspase-8, half-inhibition occurring at about 17 microM 
H2O2. This inhibition was both prevented and reversed by dithiothreitol while glutathione 
had little protective effect. 100-200 microM H2O2 added to macrophages after induction 
of caspase activation by nitric oxide or serum withdrawal substantially inhibited caspase 
activity. Activation of H2O2-producing NADPH oxidase in macrophages also caused 
catalase-sensitive inactivation of cellular caspases. The data suggest that the activity of 
caspases in cells can be directly but reversibly inhibited by H2O2 (Caspases are reversibly 
inactivated by hydrogen peroxide. V Borutaite, GC Brown. FEBS Lett (2001) 500: 114-
8). 

1.9.2.3   Advanced Oxidation Processes (AOP's) with H2O2 

Advanced Oxidation Processes (AOP's) - AOP's represent the newest development in 
H2O2 technology, and are loosely defined as processes that generate highly reactive 
oxygen radicals without the addition of metal catalysts. Typically, this means combining 
H2O2 with ozone or ultraviolet light. The result is the on-site total destruction of even 
refractory organics without the generation of sludges or residues. This technology is 
being widely applied to treat contaminated groundwaters, to purify and disinfect drinking 
waters and process waters, and to destroy trace organics in industrial effluents. I believe 
that this same cleaning ability of peroxide is present inside the body and works in a 
similar cleansing manner. 
 
1.9.2.3   Hypoacatalasemia does not induce senescence 
 
Human epidemiological studies point to an association of hypocatalasemia and an 
increased risk of age-related disease. Unfortunately, the cellular and molecular 
manifestations of hypocatalasemia are only poorly understood. In this analysis, Wood et 
al. have extensively characterized hypocatalasemic human fibroblasts and report that 
they amass hydrogen peroxide and are oxidatively damaged. Protein and DNA alike 
are affected, as are functioning and biogenesis of peroxisomes – the subcellular 
organelles which normally house catalase. Despite these pathologies and their relative 
inability to grow, the cells do not appear to be intrinsically senescent. With 
the goal of restoring oxidative balance and perhaps reversing some of the accumulated 
damage to critical cellular components, we transduced hypocatalasemic fibroblasts with a 
form of catalase specifically designed to efficiently traffic to peroxisomes. They show the 
strategy is extremely effective, with dramatic reductions seen in cellular hydrogen 
peroxide levels (Hypocatalasemic Fibroblasts Accumulate Hydrogen Peroxide and 
Display Age-Associated Pathologies. C.S. wood et al. Traffic. Volume 7 Issue 1 Page 97 
- January 2006). I believe that this is in agreement with studies which showed that 
acatalasemic patients live relatively normal lives. 
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1.9.2.4   Peroxisomes and EMODs 
 
An expansion of the peroxisomal compartment with proliferation of tubular peroxisomes 
is observed in cells exposed to UV irradiation and various oxidants and is apparently 
accompanied by upregulation of PEX genes. Significant reduction of peroxisomes and 
their enzymes is observed in inflammatory processes including infections, ischemia-
reperfusion injury, and allograft rejection and seems to be related to the suppressive 
effect of tumor necrosis factor-  on peroxisome function and peroxisome proliferator 
activated receptor- . Xenobiotic-induced proliferation of peroxisomes in rodents is 
accompanied by the formation of hepatic tumors, and evidently the imbalance in 
generation and decomposition of ROS plays an important role in this process. In PEX5–/– 
knockout mice lacking functional peroxisomes severe alterations of mitochondria in 
various organs are observed which seem to be due to a generalized increase in 
oxidative stress confirming the important role of peroxisomes in homeostasis of ROS 
and the implications of its disturbances for cell pathology (Mammalian peroxisomes and 
reactive oxygen species. Michael Schrader and H. Dariush Fahimi. Volume 122, Number 
4 / October, 2004 ). I believe that these effects may be due to decreased levels of 
peroxisomal catalase. 
 

1.9.2.5   Klotho anti-aging protein increases H2O2 via MnSOD 

Scientists recently discovered an anti-aging hormone called Klotho. Now, a new study 
shows that this protein acts by increasing the cell's ability to detoxify harmful reactive 
oxygen species. The research appears as the "Paper of the Week" in the November 11, 
2005 issue of the Journal of Biological Chemistry, an American Society for Biochemistry 
and Molecular Biology journal. klotho gene, named after the Greek goddess who spins 
life's thread, is associated with preventing aging in mammals. The klotho gene product, 
or Klotho protein, is secreted in the blood and functions as an anti-aging hormone. A 
defect in the klotho gene in mice leads to a syndrome closely resembling human 
aging, while overexpression of the gene extends lifespan in mice.  

Now Makoto Kuro-o, assistant professor of pathology at the University of Texas 
Southwestern Medical Center at Dallas, has discovered one way in which Klotho extends 
lifespan. Using both cultured cells and transgenic mice, the researchers showed that 
Klotho increases resistance to oxidative stress.  
 
"Increased longevity is always associated with increased resistance to oxidative stress," 
explains Kuro-o. "Oxidative stress causes the accumulation of oxidative damage to 
important biological macromolecules such as DNA, lipids, and proteins that would result 
in functional deterioration of the cell, which eventually causes aging."  
"In this study," says Kuro-o, "we propose that Klotho does its job by increasing the 
ability of the cell to detoxify harmful reactive oxygen species, thereby increasing 
resistance to oxidative stress of the body." The protein acts by turning on an enzyme 
called manganese superoxide dismutase. This enzyme, found in the mitochondria of 
the cell, then hydrolyzes harmful superoxide into less harmful hydrogen peroxide.  
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This research may eventually lead to the development of anti-aging drugs, a long-
standing goal of many pharmaceutical companies. "We showed that the anti-aging 
hormone Klotho confers resistance to oxidative stress in cells and animals," says Kuro-o. 
"This means that Klotho protein itself or small molecule mimetics may be potentially 
useful as anti-aging medicines.”  I believe that the significant aspect of this study is 
not the decrease of superoxide but is rather the increase in H2O2 by MnSOD. 

1.9.2.6   H2O2 can be antiapoptotic at low concentrations 

Aspects of the molecular mechanism(s) of hydrogen peroxide-induced DNA damage and 
cell death were studied in the present investigation. Jurkat T-cells in culture were exposed 
either to low rates of continuously generated H2O2 by the action of glucose oxidase or to 
a bolus addition of the same agent. In the first case, steady state conditions were 
prevailing, while in the latter, H2O2 was removed by the cellular defense systems 
following first order kinetics. By using single-cell gel electrophoresis (also called comet 
assay), an initial increase in the formation of DNA single-strand breaks was observed in 
cells exposed to a bolus of 150 microM H2O2. As the H2O2 was exhausted, a gradual 
decrease in DNA damage was apparent, indicating the existence of an effective repair of 
single-strand breaks. Addition of 10 ng glucose oxidase in 100 microl growth medium 
(containing 1.5 x 10(5) cells) generated 2.0 +/- 0.2 microM H2O2 per min. This treatment 
induced an increase in the level of single-strand breaks reaching the upper limit of 
detection by the methodology used and continued to be high for the following 6 h. 
However, when a variety of markers for apoptotic cell death (DNA cell content, 
DNA laddering, activation of caspases, PARP cleavage) were examined, only bolus 
additions of H2O2 were able to induce apoptosis, while the continuous presence of 
this agent inhibited the execution of the apoptotic process no matter whether the 
inducer was H2O2 itself or an anti-Fas antibody. These observations stress that, apart 
from the apparent genotoxic and proapoptotic effects of H2O2, it can also exert 
antiapoptotic actions when present, even at low concentrations, during the execution 
of apoptosis (DNA damage and apoptosis in hydrogen peroxide-exposed Jurkat cells: 
bolus addition versus continuous generation of H2O2.  A Barbouti, PT Doulias, L Nousis, 
M Tenopoulou, D Galaris. Free Radic Biol Med (2002) 33: 691-702).  Again, I believe 
that my interpretation that low peroxide concentrations “allow” for cellular 
proliferation are correct. 

1.9.2.7   Hyperthermia increases EMODs and apoptosis 

Some of the following material was abstracted, excerpted or modified from:  Pivotal Role 
of Reactive Oxygen Species as Intracellular Mediators of Hyperthermia-induced 
Apoptosis. Dörthe M. Katschinski et al. J. Biol. Chem., Vol. 275, Issue 28, 21094-21098, 
July 14, 2000. 

Hyperthermia (HT) has a potential as an antineoplastic treatment modality when 
combined with radiation or chemotherapy (Robins, H. I., Cohen, J. D., and Neville, A. J. 
(1992) in Clinical Thermology (Gautherie, M., ed) , Springer-Verlag, Berlin).  
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The biological effects of elevated temperatures have been studied extensively. Cell death 
is apparent after application of a critical temperature load (Gorman, A. M., Heavey, 
B., Creagh, E., Cotter, T. G., and Samali, A. (1999) FEBS Lett. 445, 98-102) 
(Katschinski, D., Robins, H. I., Schad, M., Frede, S., and Fandrey, J. (1999) Cancer Res. 
59, 3404-3410).  

Previously, Katschinski et al. and others were able to demonstrate that HT-induced cell 
death can at least partly be attributed to the induction of apoptosis. Despite this effect, 
exposure of malignant cells to elevated temperatures also elicits a well regulated cellular 
defense including the production of HSPs. In particular, induction of HSP27 and HSP70 

has been shown to exert the protective role of HSP by inhibition of apoptosis. The 
exact mechanism(s) of heat-induced pro- and antiapoptotic pathways, however, are 
currently not entirely clear.  

Several studies indicate the involvement of heat-mediated oxidative stress in HT-induced 
cytotoxicity. After exposure to heat-increased levels of superoxide anions, hydrogen 
peroxide and nitric oxide as well as increased lipid peroxidation products have been 
found in various cell lines and in tumor tissue. ROS are also known to induce HSPs that 
are critical for cellular thermoresistance and the development of thermotolerance. Thus, 
heat-induced oxidative stress seems to play a pivotal role, i.e. the induction of 
apoptotic cell death and induction of antiapoptotic HSPs. Via manipulation of the activity 
of antioxidant enzymes one should be enabled to determine the importance of ROS for 
heat-mediated apoptosis and the induction of cellular defense. SOD, CAT, and 

glutathione peroxidase are the main cellular ROS degrading enzyme systems. SOD 
converts the superoxide radical (O 2) into hydrogen peroxide, which is metabolized by 
CAT and glutathione peroxidase. 

The effects of cellular antioxidant capacity on hyperthermia (HT)-induced apoptosis 
and production of antiapoptotic heat shock proteins (HSPs) were investigated in HL-60 
cells and in HL-60AR cells that are characterized by an elevated endogenous catalase 

activity. Exposure of both cell lines to 43 °C for 1 h initiated apoptosis. 
Apoptosis peaked at 3-6 h after heat exposure in the HL-60 cells. Whereas HL-60AR 
cells were partially protected against HT-induced apoptosis at these early time points, 
maximal levels of apoptosis were detected later, i.e. 12-18 h after heat exposure. This 
differential induction of apoptosis was directly correlated to the induction of the 
antiapoptotic HSP27 and HSP70. In particular, in the HL-60 cells HSP27 was 
significantly induced at 12-18 h after exposure to 43 °C when apoptosis dropped. In 
contrast, coinciding with the late onset of apoptosis in HL-60AR cells at that time HL-
60AR cells lacked a similar HSP response. In line with the higher antioxidant capacity 
HL-60AR cells accumulated reactive oxygen species to a lesser degree than HL-60 cells 
after heat treatment. Protection from HT-induced apoptosis as well as diminished 

heat-induced HSP27 expression was also observed after cotreatment of HL-60 cells 
with 43 °C and catalase but not with superoxide dismutase. (RMH Note: I believe 
that this is due to the fact that SOD generates peroxide.). These data emphasize the 
pivotal role of reactive oxygen species for HT induced pro- and antiapoptotic pathways.  



CAT, glutathione peroxidase, and SOD are the main cellular ROS degrading enzyme 
systems. SOD converts the superoxide radical into hydrogen peroxide, which is 
metabolized by CAT and glutathione peroxidase. Treatment of HL-60 cells with CAT 
conferred partial protection against the induction of heat-induced apoptosis, whereas SOD 
did not affect the heat-induced apoptotic cell death. Thus, with respect to HT-induced 

apoptosis, hydrogen peroxide but not superoxide appears to be of greater 
importance. In line with this assumption, different effects of hydrogen peroxide and 
superoxide anions on apoptosis are reported from studies with vascular smooth muscle 
cells and neutrophils (Rollet, L. E., Grange, M. J., Elbim, C., Marquetty, C., Gougerot, P. 
M., and Pasquier, C. (1998) Free Radic. Biol. Med. 24, 563-572). 

ROS degrading enzymes like CAT and SOD are poorly cell permeable, and 
nonphysiological concentrations are needed to affect intracellular ROS concentrations. 

1.9.2.8   Important general regulators of apoptotic cell death 

Important general regulators of apoptotic cell death are the Bcl-2 proteins and the 
HSPs, i.e. HSP27 and HSP70. Whereas Bcl-2 proteins affect the apoptotic pathway via 
interaction with the mitochondrial membrane potential, cytochrome c, and finally the 
caspases, HSPs seem to exert their apoptotic effect downstream of caspase 3-like 
proteases. 

Transcriptional regulation of heat shock genes requires the activation of the HSF-1, 
which binds to the consensus heat shock element located in the promoter region of the 
heat shock genes. Activation of HSF-1 requires phosphorylation, trimerization, and 

nuclear translocation. Recent studies suggest that hydrogen peroxide increases nuclear 
translocation and DNA binding activity of HSF-1 (Jornot, L., Petersen, H., and Junod, 
A. F. (1997) FEBS Lett. 416, 381-386), which is in line with their observation reported 
here and makes a redox mechanism in heat-induced signal transduction pathways during 
apoptosis very likely.  

Their data underscore the role of ROS in HT-induced apoptosis. Thus, ROS represent a 
common denominator of both pro- and antiapoptotic HT-induced pathways. 

 

 

 

 

 

 



 

Salk made polio balk. 
Small pox, which duped Montezuma,  

was cornered in Somalia and snuffed out. 
Now, measles, mumps and influenza wait in fear,  

as the laboratory egg hatches out batches of vaccine. 
DNA viruses maintain elephantine memory but 

its RNA cousins don many tricky disguises, 
capable of stumping the sleuthing vaccine. 

Pigs and ducks are the breweries that  
yield new viral vintages annually. 

Rotoviruses have established a battle ground  
in the intestines of third world countries. 

Hygeia,  
please step forward to save the children. 

R. M. Howes, M.D., Ph.D. 
5/30/06 

 

 

1.9.2.9   Viruses can transfer from macrophages to lymphocytes 

Smoking reduces the oxidative burst of monocytes and neutrophils, and 
increases neutrophil chemotaxis but reduces that of monocytes. Abstinence for almost 
20 days repairs oxidative burst activity. However, monocytes/macrophages may 
represent an important reservoir of human immunodeficiency virus (HIV) infection, and 
other viruses, e.g., measles and hepatitis C viruses, may propagate the infection to other 
target cells. Neutrophils can bind HIV-1 and transfer the infection to lymphocytic cells; 
this occurs with other viruses, for instance, in the case of cytomegalovirus infection. 
(Phagocytic Activity in Human Immunodeficiency Virus Type 1 Infection. Agostino 
Pugliese et al.  Clinical and Diagnostic Laboratory Immunology, August 2005, p. 889-
895, Vol. 12, No. 8). 

In the early stages of HIV-1 infection, monocytic and PMNL phagocytosis and 
reactive oxygen product release can be increased, as demonstrated by Bandres et 
al.with Staphylococcus aureus or Escherichia coli as a target. This may be in 
consequence of a nonspecific stimulation of phagocytic cells in the early phases of 
retrovirus infection. In the late stages of HIV infection, with low levels of CD4 T cells 
and with extracellular microorganisms present, the defensive mechanisms of 
monocytic/macrophagic cells and granulocytes are depressed. In fact, a reduced level 
of phagocytosis with E. coli and S. aureus was found by Schaumann et al. in neutrophils 
of HIV-infected patients with low levels of CD4+ T cells.  



Brettle recalled that the high frequency of bacterial sepsis in HIV-positive patients 
depends in part on neutrophil function impairment (chemotaxis, bacterial killing, 
phagocytosis, and superoxide production).   

Several mechanisms are used by phagocytic cells (monocytes/macrophages and 
neutrophils) to inhibit bacterial replication, including APC activity, cytokine production, 
and more specifically phagocytosis and killing. All these mechanisms are altered in 
phagocytic cells from HIV-1-infected patients, particularly during the late stages of the 
disease, and parallel a persistent decrease in the number of CD4 T cells (Rouveix, B. 
1992. Opiates and immune function. Consequences on infectious diseases with special 
reference to AIDS. Therapie 47:503-512). HIV is able to decrease activity of 
monocytes/macrophages and neutrophils indirectly through its viral proteins, such 
as gp120, p24, and Nef protein. 

 

Latin for poison…tuhdah...the VIRUS marauds. 
Existent only for reproduction, 
a truly singular purpose entity. 

Capable of crystalizing during century-long dry spells, 
it waits, patiently,  
everso patiently. 

Multitudes and species variants  
are specialized to hone in on specific organs and cells. 

The biological equivalent of a smart bomb, 
it waits for the kill. 

Ever present in all living forms, 
they attack with certitude, during periods of weakness. 

Beware of the opening of Pandora’s Box, 
in the tropical rainforest, 

for it harbors the relatives of HIV, 
and their killing kin. 
R. M. Howes, M.D., Ph.D. 

5/30/06 

 

 

1.9.2.10   Ground state O2 kills by necrosis, not apoptosis 
 
All forms of aerobic life are faced with the threat of oxidation from molecular 
oxygen (O2) and have evolved antioxidant defenses to cope with this potential problem. 
However, cellular antioxidants can become overwhelmed by oxidative insults, 



including supraphysiologic concentrations of O2 (hyperoxia). Oxidative cell injury 
involves the modification of cellular macromolecules by reactive oxygen intermediates 
(ROS), often leading to cell death. O2 therapy, which is a widely used component of life-
saving intensive care, can cause lung injury. It is generally thought that hyperoxia injures 
cells by virtue of the accumulation of toxic levels of ROS, including H2O2 and the 
superoxide anion (O2.-), which are not adequately scavenged by endogenous antioxidant 
defenses. These oxidants are cytotoxic and have been shown to kill cells via 
apoptosis, or programmed cell death. If hyperoxia-induced cell death is a result of 
increased ROS, then O2 toxicity should kill cells via apoptosis. They studied cultured 
epithelial cells in 95% O2 and assayed apoptosis using a DNA-binding fluorescent dye, in 
situ end-labeling of DNA, and electron microscopy. Using all approaches they found that 
hyperoxia kills cells via necrosis, not apoptosis. In contrast, lethal 
concentrations of either H2O2 or O2.- cause apoptosis. Paradoxically, 
apoptosis is a prominent event in the lungs of animals injured by breathing 100% O2. 
These data indicate that O2 toxicity is somewhat distinct from other forms of oxidative 
injury and suggest that apoptosis in vivo is not a direct effect of O2 (Cellular oxygen 
toxicity. Oxidant injury without apoptosis. JA Kazzaz, J Xu, TA Palaia, L Mantell, AM 
Fein, S Horowitz. J Biol Chem (1996) 271: 15182-6). I believe that my arguments that 
it is not ground state oxygen which possesses the “magic” of aerobic life is validated 
by this study which shows that EMODs are causative of apoptosis. 

Hyperoxia has been associated with the release of oxygen free radicals (Jamieson D, 
Chance B, Cadenas E, and Boveris A. The relation of free radical production to 
hyperoxia. Annu Rev Physiol 48: 703–719, 1986). 

1.9.3.0 Resveratrol 

1.9.3.1   Resveratrol blocks cancer kill of H2O2 

Oxidative stress has been considered as a major cause of cellular injuries in a variety of 
clinical abnormalities. One of the plausible ways to prevent the reactive oxygen species 
(ROS)-mediated cellular injury is dietary or pharmaceutical augmentation of endogenous 
antioxidant defense capacity. Resveratrol (3,5,4'-trihydroxy-trans-stilbene), one of the 
major antioxidative constituents found in the skin of grapes, has been considered to 
be responsible in part for the protective effects of red wine consumption against 
coronary heart disease ('French Pardox'). In this study, they investigated the effects of 
resveratrol on hydrogen peroxide-induced oxidative stress and apoptotic death in cultured 
rat pheochromocytoma (PC12) cells. PC12 cells treated with hydrogen peroxide (H2O2) 
underwent apoptotic death as determined by characteristic morphological features, 
internucleosomal DNA fragmentation and positive in situ end-labeling by terminal 
transferase (TUNEL staining). Resveratrol pretreatment attenuated hydrogen 
peroxide-induced cytotoxicity, DNA fragmentation, and intracellular accumulation 
of ROS. Hydrogen peroxide transiently induced activation of NF-kappaB in PC12 cells, 
which was mitigated by resveratrol pretreatment. These results suggest that 
resveratrol has the potential to prevent oxidative stress-induced cell death (Protective 
effects of resveratrol on hydrogen peroxide-induced apoptosis in rat pheochromocytoma 
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(PC12) cells. JH Jang, YJ Surh. Mutat Res (2001) 496: 181-90). Again, this illustrates 
the fact that antioxidants will block the protective apoptotic effect of H2O2 and that 
antioxidants could allow for rapid neoplastic growth. 

1.9.3.2   Red wine molecule helps mice live longer 

A compound found in red wine and grapes can extend the life-span of obese mice and 
help them enjoy a healthier old age, scientists said on 11/1/06.  The molecule known as 
resveratrol not only enabled the mice to live longer than other overweight rodents, it 
also reduced the negative health effects of eating a high-calorie diet. Resveratrol has been 
shown to have same effect in studies on yeast, flies and worms but the scientists said their 
research is the first to show it works in mammals. 

"It is possible to find a molecule that activates the body's natural defenses against aging. 
You can use it to enhance the health of a mouse or mammal. That is unprecedented," said 
David Sinclair, of Harvard Medical School in Boston, Massachusetts. He added that the 
study, reported in the journal Nature, is proof of the principle that it works in mammals. 
But the real test will be to develop formulations or find other molecules to treat age-
related illnesses such as diabetes, Alzheimer's, heart disease and cancer in humans.  "The 
goal here is within the next few years to know it is possible to treat diseases in man," he 
told Reuters. 

HEALTH BENEFITS 

Researchers already know that restricting calories can prolong life in mice and other 
organisms. Resveratrol seems to mimic the beneficial effects of eating less without the 
hassle of dieting.  Sinclair and an international team of scientists analyzed the impact of 
molecule by studying three groups of middle-aged mice. One group ate a standard diet. 
The second was fed a high-calorie diet and the third had the same diet but were given 
supplements of resveratrol. 

Eight weeks after starting the study, the scientists noticed a difference between the two 
high-calorie groups. By the time the mice were 114 weeks old, 58 percent in the high-
calorie group had died, compared to 42 percent in the other groups.  "After six months, 
resveratrol essentially prevented most of the negative effects of the high-calorie diet in 
mice," said Rafael de Cabo, a co-author of the study from the National Institute on Aging 
in the United States. 

The study is continuing but so far the compound has extended the life-span in the high-
calorie mice by about 10-20 percent.  "There is no question that we are seeing increased 
longevity," said Sinclair.  In addition to increasing survival, the compound reduced the 
negative effects of being obese so the mice treated with resveratrol lived as long as the 
lean mice.  They had healthier heart and liver tissue, decreased blood sugar levels, better 
insulin sensitivity and were more active than the other rodents. 



When the scientists looked at the genetic level, to see which genes in the mice were 
switched on or off, they found the molecule had changed the gene expression pattern of 
the obese mice toward that of a lean mouse. 

The next step is to understand how the compound works.  I believe that it may be acting 
as a prooxidant. 

Sinclair and his colleagues believe a key component could be the SIRT1 gene which is 
thought to be linked to life-span extension. Sirtris Pharmaceuticals, a therapeutics 
company co-founded by Sinclair, has started a trial of a proprietary formulation of 
resveratrol in patients with Type 2 diabetes. "The real bang will be if somebody proves 
this is going to work in people," Sinclair added.  

1.9.3.3   Resveratrol enhanced EMOD production and apoptosis 

Baywood International, Inc. (OTCBB:BAYW) ("Company") announced in March 2008 
that resveratrol, the antioxidant found in grape skins and red wine, can cripple the 
function of pancreatic cancer cells while sensitizing them to chemotherapy, says new 
research. This study, published in March 2008 in Advances in Experimental Medicine 
and Biology, looked at the way the antioxidant may aid pancreatic cancer treatment and 
how it also contributes to the growing knowledge on the health benefits arising from 
ingredients of red wine.  
 
While disabling the function of the cancer cells by reaching and reacting with the 
mitochondria (the cell's energy source), researchers found that when they were pre-
treated with resveratrol before being irradiated, it resulted in a type of cell death 
called apoptosis. This is an important goal of cancer therapy.  
 
According to Paul Okunieff, chief of radiation oncology at the University of Rochester 
Medical Centre, "Antioxidant research is very active and very seductive right now [and] 
the challenge lies in finding the right concentration and how it works inside the cell. 
Resveratrol seems to have a therapeutic gain by making tumor cells more sensitive to 
radiation and making normal tissue less sensitive."  I believe that it is the prooxidant 
nature of resveratrol that is apoptosis-inducing, not its antioxidant behavior. 
 
Okunieff began studying resveratrol as a tumor sensitizer, which is when the link to the 
mitochondria was uncovered. Researchers divided pancreatic cancer cells into two 
groups: cells treated without resveratrol then iodized, and ones treated with resveratrol at 
a relatively high dose of 50mg per ml before being iodized. The amount of resveratrol in 
red wine can vary between types of grapes and growing seasons, and ranges can be as 
high as 30 mg per ml. But the researchers said higher doses are expected to be safe as 
long as a physician monitors the patient. The study found that resveratrol reduced the 
function of proteins in the pancreatic cancer cell membranes responsible for pumping 
chemotherapy out of the cell, therefore making them more sensitive to the treatment. 
Additionally, the antioxidant (resveratrol) triggered the production of 
reactive oxygen species (ROS), causing apoptosis, and depolarized the 



mitochondrial membranes, indicating a decrease in the cell's potential to function. 
The researchers said the discovery is important because the mitochondria contains its 
own DNA and can continuously supply the cell with energy when functioning fully. 
Stopping the energy flow can therefore help stop cancer.  
 
Okunieff further stated that, "While additional studies are needed, this research indicated 
that resveratrol has a promising future as part of the treatment for cancer."  
 
The Company's wholly-owned subsidiary, Nutritional Specialties, Inc./dba LifeTime®, 
launched Resveratrol Life Tonic™ in liquid form for enhanced bioavailability. The 
product's powerful antioxidant properties include 300 mg of resveratrol extract in 
each one ounce serving, which is equivalent to 1,300 glasses of red wine. 

Prooxidant resveratrol in the presence of copper ions : Mutagenicity in plasmid 
DNA 

Resveratrol, a polyphenolic compound of plant origin, has been of much interest to 
researchers because of its anticancer and cardiovascular properties. Although antioxidant 
action of this compound is believed responsible for its reported properties, it has also 
been shown to exhibit prooxidant properties, especially in the presence of copper ions. 
Here they report the mutagenicity of resveratrol in plasmid DNA. Plasmid bluescript 
SK(+) DNA was treated with increasing concentrations of resveratrol in the presence and 
absence of copper ions, transformed into competent DH5a cells and sequenced. They 
looked for mutations caused by resveratrol treatment by comparing the sequences of 
treated plasmids versus control (untreated plasmid). The results show a decrease in the 
transformation efficiency of the plasmid after resveratrol treatment, and although all 
types of mutations were recorded, point mutations (deletions/substitutions) were found to 
be the predominant ones. Resveratrol alone resulted in deletion of mainly guanine bases. 
Since copper ions are known to be found in the nucleus, bound to guanine bases in 
chromatin, our results suggest mobilization of such endogenous copper by resveratrol 
resulting in prooxidant DNA cleavage at the site. Concentration of copper is reported to 
be elevated in various malignancies and the present studies might explain the reported 
anticancer activity of resveratrol in various cancer cell lines (Prooxidant activity of 
resveratrol in the presence of copper ions : Mutagenicity in plasmid DNA. Toxicology 
letters  (Toxicol. lett, 2005, vol. 159, pp. 1-12). 

Several plant-derived polyphenolic compounds are considered to possess anticancer and 
apoptosis-inducing properties in cancer cells. Such compounds are recognized as 
naturally occurring antioxidants but also exhibit prooxidant properties under 
appropriate conditions. Evidence in the literature suggests that the antioxidant 
properties of polyphenolics such as gallotannins, curcumin, and 
resveratrol may not fully account for their chemopreventive effects. Hadi 
et al propose a mechanism for the cytotoxic action of these compounds against cancer 
cells that involves mobilization of endogenous copper and the consequent prooxidant 
action (Putative mechanism for anticancer and apoptosis-inducing properties of plant-
derived polyphenolic compounds. SM Hadi et al. IUBMB Life. 2000 Sep;50(3):167-71). 



1.9.3.4   Resveratrol antileukemic effect is slight, if at all 

Resveratrol (trans-3,4',5-trihydroxystilbene), a polyphenol found in grapes and grape 
wine, has been reported to exhibit cardioprotective and chemopreventive activity against 
chemical carcinogenesis. It has also been shown to have growth inhibitory activity 
toward solid tumors in vivo. However, the antitumor activity of resveratrol against 
hematologic tumors in vivo has not been examined. In this study, the antileukemic 
activity of resveratrol in vitro and in vivo was examined using a mouse myeloid leukemia 
cell line (32Dp210). Treatment of 32Dp210 leukemia cells with resveratrol at micromolar 
concentrations (25-50 micromol/L) significantly and irreversibly inhibited their clonal 
growth in vitro. The clonal growth inhibition by resveratrol was associated with extensive 
cell death and an increase in hypodiploid (sub-G1) cells. Resveratol caused 
internucleosomal DNA fragmentation, suggesting apoptosis as the mode of cell death in 
32Dp210 cells. DNA fragmentation was associated with activation of caspase-3, because 
cleavage of procaspase-3 was detected in resveratrol-treated cells. Although 32Dp210 
cells treated with resveratrol in vitro did not produce leukemia in vivo, only a weak 
antileukemic effect of resveratrol was observed when administered orally. At doses of 8 
mg or 40 mg/kg body daily, five times/wk, resveratrol did not affect the survival of mice 
injected with leukemia cells. Weak potential antileukemic activity of resveratrol was 
suggested only at a dose of 80 mg/kg body (2 survivors of 14 mice treated). Thus, despite 
strong antiproliferative and proapoptotic activities of resveratrol against 32Dp210 
cells in vitro, a potential antileukemia effect in vivo, if present, occurs only in a small 
fraction of mice (Disparate in vitro and in vivo antileukemic effects of resveratrol, a 
natural polyphenolic compound found in grapes. X Gao et al. J Nutr. 2002 
Jul;132(7):2076-81). 

1.9.3.5   Antioxidant activity of resveratrol compared with common food additives 

Resveratrol is a phenolic compound of the stilbene family present in wines and various 
parts of the grape, including the skin. In this study, the antioxidant and prooxidant 
activities of resveratrol were compared with other antioxidants (butylated hydroxytoluene 
[BHT], butylated hydroxyacetone [BHA], phenol, propyl gallate [PG], sodium 
tripolyphosphate [TPP], α-tocopherol, and vanillin) widely used in foods. The ability of 
these compounds to inhibit lipid peroxidation was as follows: BHA > resveratrol > PG > 
tripolyphosphate > vanillin > phenol > BHT > α-tocopherol, the first three inhibiting the 
peroxidation in a concentration-dependent manner. The order of OH. scavenger activity 
of the tested compounds was BHA > TPP > BHT. Resveratrol and vanillin produced 
between 10 to 7% and 16 to 10% inhibition of the deoxyribose attack, respectively, but 
they do not scavenge OH.. Neither the resveratrol analyzed nor PG or the rest of 
compounds reacted with H[2]O[2] and must be considered inefficient in catalyzing any 
subsequent oxidation. The ability to scavenge HOCI was, in decreasing order, PG > 
resveratrol > α-tocopherol > phenol. The other compounds did not scavenge HOCl 
(Antioxidant activity of resveratrol compared with common food additives. Journal of 
food protection  (J. food prot.)  2001, vol. 64, no3, pp. 379-384). 



Allegedly, oxidative stress imposed by reactive oxygen species (ROS) plays a crucial role 
in the pathophysiology associated with neoplasia, atherosclerosis, and neurodegenerative 
diseases. The ROS-induced development of cancer involves malignant transformation 
due to altered gene expression through epigenetic mechanisms as well as DNA 
mutations. Considerable attention has been focused on identifying naturally occurring 
antioxidative phenolic phytochemicals that are able to decrease ROS levels, but the 
efficacies of antioxidant therapies have been equivocal at best. Several studies have 
shown that some antioxidants exhibit prooxidant activity under certain conditions 
and potential carcinogenicity under others, and that dietary supplementation 
with large amounts of a single antioxidant may be deleterious to human 
health (The roles of polyphenols in cancer chemoprevention. Lee, KW and Lee HJ. 
Biofactors. 2006;26(2):105-21). 

Several studies have shown that dietary antioxidant supplements, such as 
vitamins and phenolic phytochemicals, are not beneficial; they may 
rather, cause DNA damage (Vitamins, phytochemicals, diets, and their 
implementation in cancer chemoprevention. Lee, KW, Lee, HJ and Lee, CY. Crit Rev 
Food Sci Nutr. 2004;44(6):437-52). 

1.9.3.6   Prooxidant activity of phenoxyl radicals of dietary flavonoids and 
polyphenolics 

Dietary polyphenolics in fruits, vegetables, wines, spices and herbal medicines have 
beneficial antioxidant, anti-inflammatory and anticancer effects. However, they have 
observed that dietary polyphenolics with phenol rings were metabolized by 
peroxidase to form prooxidant phenoxyl radicals which, in some cases were 
sufficiently reactive to cooxidize GSH or NADH accompanied by extensive oxygen 
uptake and reactive oxygen species formation and act as prooxidants. The order of 
catalytic effectiveness found for oxygen activation when polyphenolics were metabolized 
by peroxidase in the presence of GSH was phloretin>phloridzin>4,2'-dihydroxy 
chalcone>p-coumaric 
acid>naringenin>apigenin>curcumin>resveratrol>isoliquiritigenin>capsaicin>kaempfer
ol. Ascorbate was also cooxidized by the phenoxyl radicals but without oxygen 
activation. Polyphenolics with catechol rings also cooxidized ascorbate, likely mediated 
by semiquinone radicals. The order of catalytic effectiveness found for ascorbate 
cooxidation was fisetin luteolin, quercetin, >eriodictyol, caffeic acid, 
nordihydroguaiaretic acid>catechin>taxifolin, catechol. NADH was stoichiometrically 
oxidized without oxygen uptake which, suggests that o-quinone metabolites were 
responsible. GSH was not cooxidized and GSH conjugates were formed, likely mediated 
by the o-quinone metabolites. Incubation of hepatocytes with dietary polyphenolics 
containing phenol rings was found to partially oxidize hepatocyte GSH to GSSG while 
polyphenolics with a catechol ring were found to deplete GSH through formation of GSH 
conjugates. Dietary polyphenolics with phenol rings also oxidized human erythrocyte 
oxyhemoglobin and caused erythrocyte hemolysis more readily than polyphenolics with 
catechol rings. It is concluded that polyphenolics containing a phenol ring are 



generally more prooxidant than polyphenolics containing a catechol ring (Prooxidant 
activity and cellular effects of the phenoxyl radicals of dietary flavonoids and other 
polyphenolics. G. Galati et al. Toxicology. 2002 Aug 1;177(1):91-104). 

1.9.3.7   Resveratrol:  antioxidant or prooxidant? 

Investigators have recently shown that efficient apoptotic signaling is a function of a 
permissive intracellular milieu created by a decrease in the ratio of superoxide to 
hydrogen peroxide and cytosolic acidification. Resveratrol, a phytoalexin found in 

grapes and wines, triggers apoptosis in some systems and inhibits the death signal in 
others. In this regard, the reported inhibitory effect on hydrogen peroxide-induced 
apoptosis has been attributed to its antioxidant property. Here, they provide evidence that 

exposure of human leukemia cells to low concentrations of resveratrol (4-8 µM) inhibits 
caspase activation and DNA fragmentation induced by incubation with hydrogen 
peroxide or upon triggering apoptosis with a novel compound that kills via intracellular 

hydrogen peroxide production. At these concentrations, resveratrol elicits pro-oxidant 
properties as evidenced by an increase in intracellular superoxide concentration. 
This pro-oxidant effect is further supported by our observations that the drop in 
intracellular superoxide and cytosolic acidification induced by hydrogen peroxide is 
completely blocked in cells preincubated with resveratrol. Thus, the inhibitory effect 
of resveratrol on hydrogen peroxide-induced apoptosis is not due to its 
antioxidant activity, but contrarily via a pro-oxidant effect that creates an 
intracellular environment nonconducive for apoptotic execution (Pro-oxidant Activity of 
Low Doses of Resveratrol Inhibits Hydrogen Peroxide—Induced Apoptosis. KA Ahmad 
et al. Ann. N.Y. Acad. Sci. 1010: 365–373 (2003). 

1.9.4.0   SOR1 (singlet oxygen resistance) gene 

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

1.9.4.1   Mechanism of action of cyanide in the body 

I believe that the best way to dramatically illustrate the importance of oxygen metabolism 
and electron and proton flow is to consider the immediate effects of inhaled cyanide.  It 
can cause near instantaneous death as a consequence of blocking aerobic metabolism.  
Oxygen is not a killer but cyanide definitely is.  Oxygen is a healer and its absence is 
fatal. 

Cyanide inhibits mitochondrial cytochrome oxidase and hence blocks electron transport, 
resulting in decreased oxidative metabolism and oxygen utilization. Lactic acidosis 
occurs as a consequence of anaerobic metabolism. The oxygen metabolism at the cell 
level is grossly hampered. Cyanide is rapidly absorbed from the stomach, lungs, mucosal 
surfaces, and unbroken skin. 



The lethal dose of potassium or sodium cyanide is 200 to 300 mg and of hydrocyanic 
acid is 50 mg. Effects begin within seconds of inhalation and within 30 min of ingestion. 

Initial effects of poisoning - include headache, faintness, vertigo, excitement, anxiety, a 
burning sensation in the mouth and throat, breathing difficulty, increased heart rate, and 
hypertension. Nausea, vomiting, and sweating are common. A bitter almond odor may be 
detected on the breath. 

Later effects - include coma, convulsions, paralysis, respiratory depression, pulmonary 
edema, arrhythmias, bradycardia, and hypotension. 

Antidotal therapy: Amyl nitrite, sodium nitrite, and sodium thiosulfate (the Lilly 
cyanide antidote kit) with high-dose oxygen should be given as soon as 
possible.  

The rationale for nitrite therapy is that the nitrites cause formation of methemoglobin by 
combining with the hemoglobin. Methemoglobin has a higher affinity for cyanide than 
does cytochrome oxidase and thus promotes its dissociation from this enzyme. 
Thiosulfate reacts with the cyanide as the latter is slowly released from 
cyanomethemoglobin, forming the relatively nontoxic thiocyanate, which is excreted in 
the urine.  Please remember that methemoglobin produces EMODs, and I believe 
that this may be part of its therapeutic value in the case of cyanide poisoning. 

1.9.4.2   “Elite” HIV patients 

According to Dr. Bruce Walker of Harvard Medical School, as many as one in 300 HIV 
patients never get sick and never suffer damage to their immune systems. Most have gone 
unnoticed by the top researchers, because they are well, do not need treatment and do not 
want attention. "If we can figure out how people are doing that, we can try to replicate it." 
I believe that it is due to prooxidant protection. So far Walker and colleagues have not 
been able to find out why certain people can live for 15 years and longer with the virus 
and never get ill. The AIDS virus usually kills patients within two years if they are not 
treated. 

Some even appear to have weak immune responses, he noted. "Is it just that these people 
got infected with a wimpy virus? The answer to that is no," Walker said. "Some of the 
people know who infected them," he added, and in those cases, the person who infected 
the "elite" patients always went on to become ill. 

A few years into the AIDS epidemic, researchers identified people who were called 
"long-term non-progressors." These were patients infected with HIV who did not 
become ill. Many have become ill as the years have gone by, and required treatment. 
Walker said a few of the long-term non-progressors were now classified as "elite" 
patients. But the difference is that the "elite" status is clearly defined by how much virus 
they have circulating in their blood. As of 2006, Walker has tracked down 200 elite 



patients and has now joined up with other prominent AIDS researchers to find at least 
1,000 "elites" in North America and as many as possible globally.  

Based on research done so far, Walker estimates there are 2,000 of them are in the United 
States.  

1.9.5.0 AIDS dementia 
 
One devastating complication of AIDS is a dementing illness caused by HIV infection of 
the brain. This disorder, which eventually affects as many as 20 to 30 percent of AIDS 
patients, causes a spectrum of neurological and psychiatric symptoms. These range from 
mild cognitive impairment to a severe dementing disorder referred to as AIDS dementia. 
Less frequently, HIV can also cause other neurological disorders such as damage to 
sensory and motor nerves and spinal cord degeneration. AIDS dementia is distinct from 
brain infections by opportunistic microorganisms and brain lymphoma which can also 
occur in AIDS patients due to the weakened immune system. 

HIV infection of the brain occurs early after initial exposure to the virus, probably within 
the first few months. However, the infection remains clinically silent over many years; 
most HIV-infected individuals do not develop cognitive symptoms until many years later, 
after the onset of full-blown AIDS. The initial trigger that causes the emergence of AIDS 
dementia in some patients after years of silent brain infection is unknown. One key factor 
may be the development of certain "neurovirulent" HIV strains due to genetic changes in 
the virus within an individual who has been infected with HIV for many years. Other 
factors may relate to the gradual increase in total virus load within an infected individual 
over time, leading to increased levels of potentially neurotoxic factors produced by the 
virus or infected cells.  

I believe that the gradual onset of HIV dementia is related to the gradual decrease in 
EMODs available for prooxidant protection. 

Nerve cell loss is likely to be the direct cause of AIDS dementia. However, the disease 
processes that ultimately lead to nerve cell death probably begin with progressive damage 
to several different brain structures. The most severely affected brain structure is the 
basal ganglia, a region deep in the brain that is involved in regulating certain motor and 
cognitive functions. Another greatly affected structure is the white matter, which contains 
supporting cells and nerve cell myelin, which is necessary for the efficient and rapid 
conduction of nerve signals.  

The cerebral cortex -- the folded outer layer of the brain which contains the nerve cells 
responsible for most cognitive activity -- is also commonly affected. Blood vessels in the 
brain are also damaged, impairing their ability to block potentially harmful molecules in 
the blood from entering the brain. I believe that this leads to decreased levels of oxygen 
getting to the brain. 



HIV initially enters the brain by passage of HIV-infected cells from the blood. In 1986, 
our laboratory and other groups demonstrated that the major brain cell types infected by 
HIV are "macrophages," a type of immune cell, and "microglia," a particular type of 
macrophage found only in the brain. More recently, studies have shown that other types 
of brain cells that may become infected at very low levels are astrocytes, which are 
supporting cells, and endothelial cells, the cells lining the walls of blood vessels. This 
results in the killing of two of the highest producers of EMODs in the brain, i.e., 
macrophages and microglial cells. 

Apoptosis is a cell suicide program that is believed to have a healthy function until it is 
set off by a disease process such as stroke and Alzheimer's disease, in which it has been 
implicated. Apoptosis is also a cause of immune cell death in AIDS, raising the 
possibility that HIV-related damage to the immune system and nervous system may share 
common mechanisms.  

1.9.5.1 Brain Oxygen 
 
Brain tumours account for approximately 2% of all cancer deaths. Yet, the brain 
uses 20% of inhaled oxygen.  However, a much greater problem is the spread of cancer, 
with secondary tumours developing within the central nervous system. This accounts for 
almost 10 times as many deaths as primary brain tumours. 
 
According to a PBS presentation A baby's brain is a mystery whose secrets scientists 
are just beginning to unravel. The mystery begins in the womb -- only four weeks into 
gestation the first brain cells, the neurons, are already forming at an astonishing rate: 
250,000 every minute. Billions of neurons will forge links with billions of other 
neurons and eventually there will be trillions and trillions of connections between 
cells. Every cell is precisely in its place, every link between neurons carefully 
organized. Nothing is random, nothing arbitrary. 
 
The brain is critically dependent on a continuous supply of blood to function. 
Therefore, the cerebral vasculature is endowed with neurovascular control mechanisms 
that assure that the blood supply of the brain is commensurate to the energy needs of its 

cellular constituents. The regulation of cerebral blood flow (CBF) during brain activity 
involves the coordinated interaction of neurons, glia, and vascular cells. Thus, whereas 
neurons and glia generate the signals initiating the vasodilation, endothelial cells, 
pericytes, and smooth muscle cells act in concert to transduce these signals into carefully 
orchestrated vascular changes that lead to CBF increases focused to the activated area and 
temporally linked to the period of activation.  

Neurovascular coupling is disrupted in pathological conditions, such as hypertension, 
Alzheimer disease, and ischemic stroke. Consequently, CBF is no longer matched to the 
metabolic requirements of the tissue. This cerebrovascular dysregulation is mediated in 
large part by the deleterious action of reactive oxygen species on cerebral blood vessels. 
A major source of cerebral vascular radicals in models of hypertension and Alzheimer 
disease is the enzyme NADPH oxidase. These findings, collectively, highlight the 



importance of neurovascular coupling to the health of the normal brain and suggest a 
therapeutic target for improving brain function in pathologies associated with 
cerebrovascular dysfunction (Neurovascular coupling in the normal brain and in 
hypertension, stroke, and Alzheimer disease. Helene Girouard and Costantino Iadecola. J 
Appl Physiol 100: 328-335, 2006). 
 
The human brain is responsible for overseeing the daily operations of the human body 
and for interpreting the vast amount of information it receives.  The adult human brain 
weighs an average of 1.4 kg, or about 2 percent of the total body weight.  Despite this 
relatively small mass, the brain contains approximately 100 billion neurons. 
Functioning as a unit, these neurons make up the most complex and highly organized 
structure on Earth.  The brain is responsible for many of the qualities that make each 
individual unique-thoughts, feelings, emotions, talents, memories, and the ability to 
process information. Much of the brain is dedicated to running the body, the brain is 
responsible for maintaining homeostasis by controlling and integrating the various 
systems that make up the body.  
 
The inner most layer of the 3 layers of the meninges, which covers it and is bound to the 
surface of the brain, is called pia mater. It is a fibrous layer made up of many blood 
vessels which carry food and oxygen to the brain. 
 
The brain utilizes 20% of the total oxygen consumed by the whole body at rest. The 
oxygen consumption rate increases 10- to 15-fold during exercise; however, the 
brain oxygen consumption is known to be constant during exercise. Thus 
it is unlikely that exercise poses an oxidative stress to brain.  
 
The lack of oxidative stress to brain during exercise is noteworthy because the brain 

could be susceptible to lipid peroxidation damage due to the high concentration of 
polyunsaturated fatty acids and lower levels of antioxidant enzymes (SOD, catalase, 
GSH-peroxidase) and GSH (Halliwell, B. Reactive oxygen species and the central 
nervous system. J Neurochem 59: 1609-1623, 1992) (Liu, J, and Mori A. Monoamine 
metabolism provides an antioxidant defense in the brain against oxidant- and free radical-
induced damage. Arch Biochem Biophys 302: 118-127, 1993).  
 
Chronic exercise allegedly causes an increase in the levels of antioxidants and antioxidant 
enzymes in the brain, which would help to protect the brain from oxidative damage. 
Somani et al. (Somani, SM, Ravi R, and Rybak LP. Effect of exercise training on 
antioxidant system in brain regions of rat. Pharmacol Biochem Behav 50: 635-639, 1995) 
studied the SOD, GSH-peroxidase, and ratio of GSSG to GSH in the brains of chronically 
exercised rats. They found that chronic exercise induced an increase in SOD in brain stem 
and in corpus striatum. The GSH-to-GSSG ratio significantly increased in the cerebral 
cortex and in the brain stem. 
 
 
 
 



1.9.5.2   Alzheimer’s and hypoxia 
 
Less oxygenated blood to the brain may mean a bigger build-up of the 
protein plaques that are so closely tied to Alzheimer's disease. Experts have long 
known that lowered brain-oxygen levels, caused by reduced blood flow, 
increase the risk of Alzheimer's disease. For example, "If you have a 
stroke, you have a two or three times increased risk of dementia." 

I believe that EMODs are crucial in maintaining good brain health and 
that Alzheimer’s is another of the diseases in the EMOD insufficiency 
syndrome group. 

SOD and GPx enzyme activities vary according to race and could account 
for differences in lipid hydroperoxide. In patients of African origin, susceptibility to renal 
disease may be associated with lowered GPx activity (Race-Specific Differences in 
Antioxidant Enzyme Activity in Patients With Type 2 Diabetes. A potential association 
with the risk of developing nephropathy. Karima Zitouni et al. Diabetes Care 28:1698-
1703, 2005). Thus, I believe that race must be accounted for in studies of the 
relationship of EMODs to disease entities. 
 
1.9.5.3    Physical fitness may slow Alzheimer brain atrophy 

Getting a lot of exercise ( and its associated increase of oxygen intake) may help slow 
brain shrinkage in people with early Alzheimer's disease, a preliminary study suggests. 
Analysis found that participants who were more physically fit had less brain 
shrinkage than less-fit participants. However, they didn't do significantly better on 
tests for mental performance. 

That was a surprise, but maybe the study had too few patients to make an effect show up 
in the statistical analysis, said Dr. Jeffrey Burns, one of the study's authors.  He also 
stressed that the work is only a starting point for exploring whether exercise and physical 
fitness can slow the progression of Alzheimer's. The study can't prove an effect because 
the participants were evaluated only once rather than repeatedly over time, he said. 

While brains shrink with normal aging, the rate is doubled in people 
with Alzheimer's, he said.  Burns, who directs the Alzheimer and Memory Program 
at the University of Kansas School of Medicine in Kansas City, reports the work with 
colleagues in 7/15/08 issue of the journal Neurology. 

The study included 57 people with early Alzheimer's. Their physical fitness was assessed 
by measuring their peak oxygen demand while on a treadmill, and brain shrinkage was 
estimated by MRI scans.  Dr. Sam Gandy, who chairs the medical and scientific advisory 
council of the Alzheimer's Association, said the result fits in with previous indications 



that things people do to protect heart health can also pay off for the brain.  I believe that 
this indicates that oxygen deficiency can be related to brain atrophy. 

1.9.5.4   Anesthesia, Alzheimer's and low oxygen 
28 Apr 2008, reported on Weekly Medical News web site.    
 
In studies of human brain cells, the widely-used anesthetic desflurane does not 
contribute to increased production of amyloid-beta protein; however, when 
combined with low oxygen conditions, it can produce more of this Alzheimer's 
associated protein.  
 
Over 200 million people undergo surgery each year, and there has been concern that 
anesthetic use may contribute to Alzheimer's and other brain disorders. Bin Zhang, 
Yuanlin Dong, Rudolph Tanzi, Zhongcong Xie, and colleagues examined this possibility 
with commonly used inhalation anesthetics isoflurane previously and desflurane more 
recently.  
 
They subjected human brain cells to 12% desflurane for six hours (mimicking a surgery 
condition) and observed no changes in either the production of amyloid-beta protein or 
the rate of cell death. However, when combined with low oxygen levels (18%), 
desflurane could stimulate these cellular changes associated with Alzheimer's (hypoxia 
by itself did not induce any changes). (RMH Note:  This is a very short term 
experiment.)  The results with desflurane are contrary to the researchers' previous work, 
which found isoflurane by itself could stimulate both amyloid production and cell death.  
 
The researchers do emphasize that the current findings are from cell culture experiments, 
and the next critical step will be to confirm these findings in animal models and test the 
effects of other anesthetic agents. But, these early results suggest that it is 
important to ensure anesthetic patients maintain sufficient oxygen in 
their brain. 
 
1.9.6.0   SOD, Down’s syndrome and Human Health 
 
The CuZnSOD gene, SOD1, is located on human Chromosome 21 at location 21q22.1. It 
has been associated with two specific medical conditions: Amyotrophic Lateral Sclerosis 
(ALS) and Down syndrome, also known as Trisomy-21.  
 
ALS, also known as Lou Gehrig's disease, is a progressive, fatal disease where the motor 
neurons progressively degenerate. The disease usually starts out with muscle weakness, 
followed by progressive loss of muscle control and muscle wasting. The actual cause of 
death is usually an infection, indicating an EMOD deficiency, due to the weakened 
condition of the body. The association of one form of ALS with mutations in the SOD1 
gene was made in 1993. (Rosen, D. R. et al. Mutations in Cu/Zn superoxide dismutase 
gene are associated with familial amyotrophic lateral sclerosis. Nature 362: 59-62, 1993) 
This form of ALS is caused by inadequate activity by the mutated SOD, leaving the 
motor neurons open to oxidative damage and death. I believe that this means that the 



body is not generating enough H2O2, which is needed in high quantities by the 
nervous system. 
 
Individuals with Down’s syndrome suffer the exact opposite fate. Down syndrome is 
caused by 3 copies of chromosome 21 being present in each (or most in the case of 
mosaic Trisomy-21) cell. SOD1, being located on Chromosome 21, is therefore 
triplicated. Measurements of SOD activity in individuals with Down syndrome show 
that there is overexpression of this gene, with an activity level of about 150% of 
normal (Gulesserian T, Seidl R, Hardmeier R, Cairns N, Lubec G., Superoxide 
dismutase SOD1, encoded on chromosome 21, but not SOD2 is overexpressed in brains 
of patients with Down syndrome. J Investig Med 2001 Jan;49(1):41-6).  
 
There is a corresponding upregulation of either catalase or glutathione peroxidase 
in some tissues, but not in neurons (Brooksbank, B.W. & Balazs, R. Superoxide 
dismutase and lipoperoxidation in Down's syndrome fetal brain [letter]. Lancet 1, 881-
882 (1983). 
 
While there is still some disagreement in the scientific community about the implication 
of this overexpression, many scientists believe that the overexpression of SOD can be 
linked directly to the premature aging, neuronal degeneration, early-onset 
Alzheimer's disease, and other clinical features of Down syndrome (de Haan, J., et al. 
Reactive Oxygen Species and Their Contribution to Pathology in Down Syndrome. Adv 
Pharmacol 1997;38:379-402).   
 
In fact, one case study identified a boy with a micro-duplication of SOD1 with many of 
the clinical features of Down syndrome, but without a duplication of any other part of 
chromosome 21 (Huret, J. L et al. Down syndrome with duplication of a region of 
chromosome 21 containing the CuZn superoxide dismutase gene without detectable 
karyotypic abnormality. Hum. Genet. 75: 251-257, 1987).   
 
Another very interesting area of research into CuZnSOD is being done in the area of 
Alzheimer's disease. The brain lesions that are characteristic of Alzheimer's disease 
show evidence of oxidative processes as well as other damage, such as inflammation. 
Estevez et al. examined how zinc-deficient CuZnSOD not only did not function as an 
antioxidant, but instead behaved like a pro-oxidant compound (Estevez, A. G. et 
al. Induction of nitric oxide-dependent apoptosis in motor neurons by zinc-deficient 
superoxide dismutase. Science 286: 2498-2500, 1999).  
 
They observed that the loss of zinc from CuZnSOD which still had its copper was 
sufficient to induce apoptosis in cultured motor neurons. This finding is significant not 
only in the disease of ALS which has been directly tied to this enzyme, but also to 
Alzheimer's disease, where pathological behavior of this enzyme is suspected (Bush, A.I., 
The metallobiology of Alzheimer's disease. Trends Neurosci 26(4):207-14, 2003).  
 
I believe that the above data on SOD confirms my belief that SOD is indeed a 
prooxidant enzyme and NOT an antioxidant. 



A paper published 9/01/06 put insulin's role in the spotlight. Insulin's main role in the 
body is to help control levels of the sugar that fuels cells. The work at Brown Medical 
School found abnormally low levels of insulin and insulin growth factors in parts of 
the brain most affected by Alzheimer's, and that the low levels contributed to the ''brain 
rotting," said Dr. Suzanne de la Monte, a pathology professor there. Earlier research 
indicated that insulin helps regulate amyloid and also prevents formation of 
destructive forms of tau. Studies have also found that people with Type 2 diabetes, in 
which cells become insensitive to insulin, have a higher risk of developing 
Alzheimer's.  I believe that this indicates that peroxide, an insulin mimetic, could  be 
helpful in Alzheimer’s prevention. 

1.9.6.1   Children with Down syndrome not aided by antioxidants 

According to a recent article published on bmj.com, antioxidants and nutrients do not 
help children with Down syndrome develop.  
 
Down syndrome (trisomy 21) is a disorder caused by the presence of an extra 21st 
chromosome. It is associated with impairment of cognitive ability and physical growth. It 
is the most prevalent genetic reason of learning disability in the United Kingdom, 
occurring in about 1 in every 1,000 new born babies. 
 
Researcher Jim Ellis and colleagues were motivated by earlier studies that have suggested 
possible improvements in language and psychomotor development if children are given 
folate (a form of vitamin B9), antioxidants, or both. Children with the condition in 
Europe and the United States have been consuming vitamin and mineral supplements 
because of the positive results claimed by marketers of such products. However, there 
has not been any reported significant effect on development for children with Down 
syndrome. 
 
The study was performed by UK researchers who gave supplements to 156 babies - all 
less then 7 months in age - who had Down syndrome. The studied lasted for 18 
months. The babies, selected from several sites in England, were divided into four 
groups. One group received antioxidants once per day, one group received folinic acid (a 
folate), one received both antioxidants and folinic acid, and one control group took a 
placebo. The supplements were given in powdered form and mixed with food or drink. 
 
The study participants were evaluated for mental and cognitive development after 18 
months. Findings include: 

• No differences were noted among the groups in the biochemical outcomes  
• There was no improvement in language or psychomotor development among the 

supplement groups  

The authors conclude that there is no evidence that antioxidants or folinic 
acid help development in children with Down syndrome. They caution that 
parents who are giving these supplements to children should be aware of the 



possible damaging consequences of long-term, high dose administration.  
 
An accompanying editorial by Tim Reynolds concurs with these general findings. He 
also notes that it is not prudent to recommend expensive vitamin supplements until 
some positive benefit is shown. 
 
(Supplementation with antioxidants and folinic acid for children with Down's syndrome: 
randomized controlled trial. Jill M Ellis Hooi Kuan Tan, Ruth E Gilbert, David P R 
Muller, William Henley, Robert Moy, Rachel Pumphrey, Cornelius Ani, Sarah Davies, 
Vanessa Edwards, Heather Green, Alison Salt, Stuart Logan, BMJ. February 22, 2008). 

1.9.6.2   The link between cancer and Down’s syndrome 

There's new hope for breast cancer research, and it's coming from a very unlikely place. 
Researchers at the Texas A&M University College of Veterinary Medicine & Biomedical 
Sciences recently published articles (Feb. 2008) in the journals Molecular and Cellular 
Biology and Carcinogenesis indicating that a protein long suspected to play a role in 
Down Syndrome may also contribute to treating this devastating disease.  
 
It has long been known that Down Syndrome is caused when an individual has an extra 
copy of the 21st chromosome, giving them a total of three instead of the normal 
chromosome pair. With improved medical care, people with Down Syndrome are now 
living longer, healthier lives. With this advance came the observation that individuals 
with Down Syndrome have a significant decrease in risk for several types of tumors. 
Most striking is the observation that women with Down Syndrome are 10-25 
times less likely to develop breast cancer.  
 
This effect is thought to be due to the presence of one or more "tumor suppressor" 
genes on chromosome 21. However, the identity of such genes has not been known, 
until now.  
 
"Years of research into the genetics of Down Syndrome have helped us to discover a very 
important gene on chromosome 21," said Dr. Weston Porter, associate professor in the 
Veterinary Integrative Biosciences Department. "This gene, called Single-minded 2 or 
SIM2 is thought to play an important role in Down Syndrome by regulating neuron 
growth in the developing brain. Based on its developmental role, we hypothesized that 
SIM2 may also be involved in breast cancer, which is essentially a disease of 
uncontrolled growth."  
 
SIM2 is lost or suppressed in a majority of human breast tumors, and deletion of the 
SIM2 gene triggers rapid tumor growth in mice.  However, the process by which SIM2 
suppresses breast cancer is complex and not fully understood. This same protein which 
may hold so much promise for breast cancer treatment is also thought to contribute to the 
negative effects of Down Syndrome.  
 
"What we are seeing now is a paradigm shift in breast cancer research" said Porter. "For 



years we have gone after the wrong kinds of cells. It was all about getting rid of the 
tumor itself. This has led to a dandelion effect where, we didn't get to the root and 
the cancers kept coming back and spreading. Now we're looking at ways to get to the 
root of breast cancer, and not simply shrinking the tumor to come back another day."  
 
1.9.6.3   New Link Between Down Syndrome And Alzheimer's Disease 

Scientists have shown that a protein involved in cholesterol metabolism may cause the 
accelerated onset of Alzheimer's Disease in individuals affected with Down Syndrome.  
 
People with Down Syndrome -- a genetic disorder due to the presence of an extra 
chromosome 21 -- develop Alzheimer's disease (AD) earlier (mid- to late 30s) than the 
general population (mid- to late 70s). To understand why, scientists have studied genes 
from chromosome 21 that are also involved in AD. One of those genes has already been 
found: It produces a protein called amyloid precursor protein (APP) that helps 
create protein clusters that are the hallmark of AD.  
 
Cheryl L. Wellington and colleagues have found another gene on chromosome 21 that 
produces a protein that regulates the amount of cholesterol present in a cell. The 
scientists showed that this protein influences the distribution and processing of APP 
and that it is present at high levels in the brains of Down Syndrome individuals. The 
new discovery may provide new ways to halt AD symptoms early in these individuals.  
(The cholesterol transporter ABCG1 modulates the subcellular distribution and 
proteolytic processing of beta-amyloid precursor protein. Gavin H. Tansley, Braydon L. 
Burgess, Matt T. Bryan, Yuan Su, Veronica Hirsch-Reinshagen, Jonathan Pearce, Jeniffer 
Y Chan, Anna Wilkinson, Jeanette Evans, Kathryn E. Naus, Sean McIsaac, Kelley 
Bromley, Weihong Song, Hsui-Chiung Yang, Nan Wang, Ronald B. DeMattos, and 
Cheryl L. Wellington. Published in the May 2007 issue of the Journal of Lipid Research 
(Vol. 48, No. 5). 

1.9.7.0 Diabetes 
 
1.9.7.1   Vitamin E failed to alter risk of diabetic cardiovascular and renal diseases  
 
It is believed by some that hyperglycemia increases the production of reactive oxygen 
species (ROS) from the mitochondrial electron transport chain in bovine endothelial cells. 
Although supplementation with -tocopherol, a potent antioxidant, normalized retinal 
blood flow and creatinine clearance without changing HbA1c in patients with type 1 
diabetes (Bursell SE, Clermont AC, Aiello LP, Aiello LM, Schlossman DK, Feener EP, 
Laffel L, King GL: High-dose vitamin E supplementation normalizes retinal blood flow 
and creatinine clearance in patients with type 1 diabetes. Diabetes Care22 :1245 –
1251,1999), low-dose vitamin E failed to alter the risk of cardiovascular 

and renal diseases in patients with diabetes (Heart Outcomes Prevention 
Evaluation Study Investigators: Effects of ramipril on cardiovascular and microvascular 
outcomes in people with diabetes mellitus: results of the HOPE study and MICRO-HOPE 
substudy. Lancet355 :253 –259, 2000). 

http://www.jlr.org/


1.9.7.2   New genes point to diabetes risk 2/12/07 

Researchers said on Sunday they had homed in on five areas of DNA that could 
account for 70 percent of the genetic risk for type-2 diabetes. They identified four 
different areas of genetic variation that conferred a significant risk of developing diabetes 
and confirmed that a fifth area, a gene called TCF7L2 suspected in diabetes, is associated 
with the disease. 

Writing in the journal Nature, the international team of researchers said their findings 
would help other scientists find causes and possible treatments for diabetes. They also 
said it showed it was useful to scan people's entire genomes to look for disease-causing 
genes. "Our new findings mean that we can create a good genetic test to predict 
people's risk of developing this type of diabetes," said Philippe Froguel of Imperial 
College London, who worked on the study. 

Type-2 or adult onset diabetes is becoming more and more common around the world 
and is even being found now in children. It is associated with a rich diet and a lack of 
exercise. "The rapidly increasing prevalence of type 2 diabetes mellitus is thought to be 
due to environmental factors, such as increased availability of food and decreased 
opportunity and motivation for physical activity, acting on genetically susceptible 
individuals," the researchers wrote. 

Constantin Polychronakos of McGill University in Montreal, Quebec, and colleagues 
tested nearly 7,000 volunteers -- most with diabetes and many with a known family 
history of the disease. They used new gene chip technology that allowed them to quickly 
screen for many of the tiny differences in the complex genetic code of DNA. 

They found four new areas that appear involved in insulin secretion and pancreatic 
development. One gene encodes a protein that helps move zinc ions around and is found 
solely in the beta cells, the pancreatic cells that make and release insulin. Many of the 
diabetes-linked variations seem to be the "older" version of the DNA sequence, 
suggesting that human beings evolved to be susceptible to diabetes. This would support 
the theory that biological traits that helped human beings survive famines have become 
disease-causing in times of plenty, they said. I believe that this again indicates that 
EMODs are not causative of diabetes. 

1.9.7.3   Diabetes repaired by a peptide 

Nerve cells in the pancreas may be a cause of type-1 diabetes in mice -- a finding that 
could provide new ways to treat the disease in humans, Canadian and U.S. scientists said 
on Friday. Defective nerve endings may attract immune system proteins that 
mistakenly attack the pancreas, destroying its ability to make insulin, the researchers 
said. This destruction is what causes diabetes. 

Injecting a piece of protein, or peptide, to repair the defect cured diabetic mice 
"overnight," Dr. Hans Michael Dosch of the University of Toronto said in a telephone 



interview. "It is very effective in reversing diabetes," said Dosch, principal investigator 
for the study. Writing in the journal Cell, in Decomber of 2006, Dosch and colleagues 
said the faulty nerve endings did not secrete enough of the peptides to keep enough 
insulin flowing. 

Type-1 diabetes, once called juvenile diabetes, affects two million Americans and 
200,000 Canadians. There has been no known way of preventing it. The team will soon 
begin clinical studies on people whose family history suggests they are at risk of 
developing type-1 diabetes to see if their sensory nerves work well. If they do not, Dosch 
said, that would suggest the bad nerve endings were a cause of diabetes, not only an 
effect as has been widely assumed. 

Trials could then begin injecting peptides into patients with diabetes or those at high risk. 
It could take a number of years, Dosch said. He said the findings might also hold promise 
for type-2 diabetes -- which affects about 10 times as many people as type-1 -- though the 
results were not as strong. 

The researchers found that the peptide injections lowered resistance to insulin, which is 
used to move blood glucose to the body's cells. People with type-2 diabetes often are 
obese. By lowering insulin resistance, it might be possible to prevent further obesity and 
damage from diabetes. "Whether we can reverse the process, I don't know. But I think we 
can certainly impact on the major physiological problem, and that's insulin sensitivity," 
Dosch said. "So if these people then have normal insulin, then a little activity, then a little 
walking would actually help lose weight, and then you stop the vicious circle."  

 1.9.7.4   Diabetes and Pancreatic Cancer 

According to my Unified Theory, patients with diabetes, who have low EMOD levels, 
should also have an increased risk of developing pancreatic cancer. They do, 
…sometimes. 

About 80% of pancreatic cancer patients have glucose intolerance or 
frank diabetes. This observation has led to the following two hypotheses: i. pancreatic 
cancer causes the associated diabetes and ii. the conditions associated with diabetes 
promote the development of pancreatic cancer. Evidence supporting both hypotheses 
has been accumulated in previous studies (The relationship between diabetes and 
pancreatic cancer. Feng Wang et al. Molecular Cancer 2003, 2:4). I believe that an 
EMOD insufficiency is the link between development of pancreatic cancer and 
diabetes. 

Insulin sensitivity and overall diabetic state in pancreatic cancer patients who undergo 
tumor resection are markedly improved three months after the surgery. These data 
suggest that pancreatic tumors are causally related to the insulin resistance and diabetes 
seen in pancreatic cancer patients. In their study of sera from patients with pancreatic 
cancer and culture media conditioned by human pancreatic cancer cells, Basso et al. 
found a 2030 MW peptide that they considered to be a putative pancreatic cancer 



associated diabetogenic factor (Basso D, Valerio A, Seraglia R, Mazza S, Piva MG, 
Greco E, Fogar P, Gallo N, Pedrazzoli S, Tiengo A, Plebani M: Putative pancreatic 
cancer-associated diabetogenic factor: 2030 MW peptide. Pancreas 2002, 24:8-14). 

1.9.7.5   Evidence for diabetes as a risk factor for pancreatic cancer 

Everhart et al. examined 30 of the epidemiological studies that have looked at the 
association between diabetes and pancreatic cancer and used 20 of them in a meta-
analysis (Everhart J, Wright D: Diabetes mellitus as a risk factor for pancreatic cancer. A 
meta-analysis. JAMA 1995, 273:1605-1609). The pooled relative risk from these studies 
was 2.1 for diabetes with a duration of at least l year prior to cancer diagnosis or death 
and 2.0 for diabetes with a duration of at least 5 years. The authors concluded that 
pancreatic cancer could be added to the list of complications of diabetes. 
Pancreatic cancer occurs with increased frequency among persons with long-
standing diabetes. I believe that my prediction was correct. 

Several epidemiological studies have analyzed relative risks associated with the different 
periods of time after the diagnosis of diabetes and have found a relatively modest but 
persistent increased risk of death from pancreatic cancer even when the diagnosis of 
diabetes preceded death by many years. A population-based case-control study in the 
United States with 526 incident cases and 2,153 population controls showed a 
significant positive trend (P = 0.016) in risk with increasing years prior to diagnosis 
of cancer (Silverman DT: Risk factors for pancreatic cancer: a case-control study based 
on direct interviews. Teratog Carcinog Mutagen 2001, 21:7-25).  

In other studies, the relative risk decreased with increasing follow-up time but 
remained significant. However, other epidemiological studies have concluded that 
diabetes is not a risk factor for pancreatic cancer or else that it is not a risk factor if 
recently-diagnosed cases are excluded. However, there is controversy about whether 
diabetes mellitus is a risk factor for pancreatic cancer or an epiphenomenon of the cancer.  

Studies of the relationship between diabetes and pancreatic cancer are complicated by the 
fact that diabetes has two major forms that are different entities in terms of 
pathophysiology. A number of studies have suggested that Type I diabetes is not 
associated with an increased risk for pancreatic cancer. Most epidemiological studies, 
however, have not distinguished between Type I and Type II diabetes. It is likely that the 
large majority of diabetics in the studies have Type II diabetes because this form of the 
disease constitutes 80–90% of the cases and is typically found in older individuals. 

In patients with Type II diabetes (non-insulin-dependent diabetes), the pancreas is 
generally exposed to substantial hyperinsulinemia for years, suggesting that insulin may 
be involved in the association between long-standing diabetes and pancreatic cancer. 
A number of experiments have tested the hypothesis that insulin may stimulate the 
growth of pancreatic cancers. Binding studies have shown the presence of insulin 
receptors on pancreatic cancer cells. In vitro studies have shown that insulin promotes 
growth of the hamster pancreatic cancer cell line H2T, the rat acinar pancreatic cancer 



cell line AR42J, and numerous human pancreatic cancer cells lines. However, the 
human pancreatic cancer cell line SOJ-6 was not stimulated by insulin, and one of 
the studies using PANC-1 cells reported no response to exogenous insulin. In addition to 
hyperinsulinemia, the increased blood glucose and free fatty acids in diabetes may also 
promote the growth of pancreatic cancer. 

The genesis of the cancer is also influenced by the endocrine pancreas. In vivo studies 
concerning the effects of administration of exogenous insulin and/or induction of diabetes 
on pancreatic cancer have provided inconsistent data that reflect the complex 
interactions that may be involved in tumor growth.  

A study of pancreatic cancer in hamsters fed a high-fat diet that potentiated pancreatic 
cancer provided data suggesting that islet proliferation associated with insulin 
resistance enhances carcinogenesis. In that study, high-fat-fed hamsters had elevated 
insulin levels but normal glucose levels, which was consistent with a state of insulin 
resistance. The turn-over rate of cells in islets is significantly increased in the high-fat 
animals, suggesting a compensatory islet cell proliferation. Administration of metformin, 
starting 2 weeks before the administration of BOP and continuing throughout the 
experiment, normalized insulin concentrations and the rate of islet cell turnover. 
Malignant pancreatic lesions were found in 50% of the high-fat/BOP animals and none in 
the high-fat/BOP/metformin group (P < 0.05). 

 
A  relatively weak positive association also exists between urinary excretion of 
isoprostanes and hypertension. Plasma and urinary isoprostanes are increased in 
both type 1 and type 2 diabetes (Devaraj S, Hirany SV, Burk RF, Jialal I. Divergence 
between LDL oxidative susceptibility and urinary F(2)-isoprostanes as measures of 
oxidative stress in type 2 diabetes. Clin Chem 2001;47:1974-1979) (Davi G, Ciabattoni 
G, Consoli A, Mezzetti A, Falco A, Santarone S, et al. In vivo formation of 8-iso-
prostaglandin f2  and platelet activation in diabetes mellitus: effects of improved 
metabolic control and vitamin E supplementation. Circulation 1999;99:224-229) and are 
reduced by an improvement in glycemic control. Given the documented increase of 
isoprostanes in type 2 diabetes, it is not surprising that there is a graded relationship with 
body mass index. Cigarette smoking represents a strong oxidant stress, and numerous 
studies have shown that both urinary and plasma isoprostanes are increased in smokers 
and that they return to baseline within several weeks of stopping smoking. In addition to 
their association with cardiovascular risk factors, isoprostanes are also increased in 
patients with established vascular disease (Vassalle C, Botto N, Andreassi MG, Berti 
S, Biagini A. Evidence for enhanced 8-isoprostane plasma levels, as index of oxidative 
stress in vivo, in patients with coronary artery disease. Coron Artery Dis 2003;14:213-
218). 
 
1.9.7.6   Pancreatic cancer linked to gum disease 

Gum disease might raise a person's risk of pancreatic cancer by causing general 
inflammation through the body, U.S. researchers said on Tuesday. I disagree with the 



conclusion of this study.  The appearance of the inflammation is the natural 
response of the body to perceived injury, such as an invading pathogen or 
development of neoplastic cells.  I believe that these patients are trying to mobilize a 
strong oxidative attack on this perceived injury or pathogen.  It, unfortunately, does 
not have the ability to generate a powerful enough oxidative response to protect 
itself and it frequently subsequently presents with the development of one or many 
of the EMOD insufficiency diseases, such as cancer, atherosclerosis, diabetes, 
arthritis, obesity and cataracts.  Thus, CRP could be a harbinger of an impending 
EMOD insufficiency. 

They found that men who had periodontal disease had a 63 percent higher 
risk of developing pancreatic cancer than men with healthy teeth and gums. Men 
who lost teeth within the past four years were especially likely to develop pancreatic 
cancer, they reported in the Journal of the National Cancer Institute. While the study 
does not definitively show that gum disease causes cancer, the researchers say the 
evidence is strong. They filtered out other factors known to be linked with pancreatic 
cancer, such as smoking and obesity. 

"Most convincing was our finding that never-smokers (with gum disease) had a two-
fold increase in risk of pancreatic cancer," said Dominique Michaud of the Harvard 
School of Public Health, who led the study. 

Michaud's team studied 48,000 men taking part in the Health Professionals Follow-Up 
Study between 1986 and 2002. These men, aged 40 to 75 at the start, answered a battery 
of questions about health and lifestyle and were then watched to see which diseases they 
developed. More than half the men are dentists. "On the baseline questionnaire, 
participants responded to the following question: 'Have you had periodontal disease with 
bone loss?"' the researchers wrote. 

Worldwide, there are an estimated 232,000 new cases of pancreatic cancer annually. 
In the United States, it is the fourth leading cause of cancer death, claiming 32,300 lives 
last year.  

Pancreatic cancer is the fourth-leading cause of cancer deaths in the United States. 
It will kill 95 percent of the 32,000 people who get it this year, according to the 
American Cancer Society. It is not usually diagnosed until it is far advanced, and thus 
ways to identify people at high risk might save lives. 

"Our study provides the first strong evidence that periodontal disease may increase the 
risk of pancreatic cancer. This finding is of significance as it may provide some new 
insights into the mechanism of this highly fatal disease," Michaud said in a statement. 

Periodontal disease is caused when bacteria infect the gums and the infection 
gradually destroys bone. Other studies have found a link between gum disease or tooth 
loss and pancreatic cancer, but did not account for smoking -- which can cause both gum 
disease and pancreatic cancer. In this study, the effects of gum disease appeared to 



affect non-smokers more than smokers, the researchers found. Nonetheless, this study 
is not proof, Michaud said. 

"More research is needed both to confirm this finding in other populations and also to 
explore the role of inflammation in this particular cancer," she said. "The association may 
be due to systemic (throughout the body) inflammation and/or increased levels of 
carcinogenic compounds generated by bacteria in the oral cavity of individuals with 
periodontal disease," the researchers wrote. 

The men with gum disease seemed to have chronic inflammation -- their levels of a 
protein called C-reactive protein, a measure of inflammation, were 30 percent 
higher than those of men with healthy gums. Or the bacteria responsible for the gum loss 
could produce nitrosamines, which are compounds known to cause cancer. 

"Individuals with periodontal disease and poor oral hygiene have elevated levels of oral 
bacteria and have much higher nitrosamine levels in their oral cavity," the researchers 
wrote.  

I believe that this points out the possible association between cancer and gum 
disease.  The presence of the gum disease suggests that there is an EMOD 
insufficiency, which has allowed the manifestation of this infection and which will 
also tend to allow the manifestation of cancer.  Further, I believe that patients with 
high CRP levels are indicative of having an EMOD insufficiency syndrome.  These 
patients would be followed closely for the development of the EMOD insufficiency 
diseases, such as cancer, atherosclerosis, diabetes, arthritis, obesity and cataract 
formation. Additionally, they should be put on a plan to increase their 
oxidative capacity for disease prevention. 
 
I also believe that a similar increased occurrence of gum disease is seen in the early 
stages of leukemia and with other forms of cancer.  This would also indicate an 
EMOD insufficiency. 
 
1.9.7.7   Gemcitabine-EMOD-tumoricidal activity blocked by selenoprotein P 
 
Gemcitabine is a new standard chemotherapeutic agent used in the treatment of 
pancreatic cancer, but the mechanisms of gemcitabine sensitivity are still controversial. 
In their study to determine a mechanism that regulates gemcitabine sensitivity, they 
carried out molecular analysis on the susceptibility of the pancreatic cancer cells. Using a 
gemcitabine-sensitive pancreatic cancer cell line KLM1, they established a resistant cell 
line KLM1-R exhibiting a 20-fold IC50-value (the concentration of gemcitabine causing 
50% growth inhibition). Microarray analysis of genes showed specific expression of 
selenoprotein P, one of the anti-oxidants, in the KLM1-R cell line but not in the 
KLM1 cell line. Administration of selenoprotein P inhibited the gemcitabine-induced 
cytotoxicity in the pancreatic cell lines. The levels of intracellular reactive oxygen 
species (ROS) were increased in the KLM1 cells by gemcitabine, but selenoprotein P 
suppressed the gemcitabine-induced ROS levels. Furthermore interferon-gamma 



suppressed the expression of selenoprotein P mRNA and increased intracellular ROS 
level, leading to the recovery of the gemcitabine sensitivity in KLM1-R. These results 
suggest a novel mechanism that selenoprotein P reduces the intracellular ROS levels, 
resulting in the insusceptibility to gemcitabine (Selenoprotein P, as a predictor for 
evaluating gemcitabine resistance in human pancreatic cancer cells. S.Maehara et al. Int J 
Cancer. 2004 Nov 1;112(2):184-9). This paper demonstrates that the tumoricidal 
activity of Gemcitabine increases EMODs, and this effect is blocked by 
selenoprotein P.   
 
1.9.7.8   Gemcitabine may delay pancreatic cancer return 

Offering a glint of hope for treating a notorious killer, researchers found that a common 
chemotherapy drug can help pancreatic cancer patients who have undergone surgery 
stave off a return of the disease longer. In the German study, the group receiving Gemzar, 
or gemcitabine, lived on average of 13.4 months without their cancer coming back. A 
comparison group that did not receive the drug lived without disease for 6.9 months.   

The 6 1/2-month gain may look modest. And scientists said they have seen no difference 
so far in the overall survival rates between the two groups. But pancreatic cancer is such 
a rapid and efficient killer that the findings were still highly encouraging. Pancreatic 
cancer has one of the worst chances of recovery of all types of cancer. Most patients are 
not diagnosed until the cancer has spread, and fewer than one in 10 patients are alive five 
years after diagnosis. Only 20 percent of newly diagnosed patients are good candidates 
for surgery, the best hope for a cure. And even then, the disease returns in the vast 
majority of cases. 

The new findings, when considered along with preliminary results from a large U.S. trial 
reported last year, suggest that chemotherapy after pancreatic cancer surgery should at 
least include gemcitabine. The study appears in the 1/16/07 Journal of the American 
Medical Association. 

"This study says to me that gemcitabine can keep the disease at bay for a period of time 
after surgery," said Dr. Sunil Hingorani of the Fred Hutchinson Cancer Research Center 
in Seattle. But it also "underscores the essential incurability of the disease," he said. "If 
you wait long enough, the beast comes back." The findings apply only to those patients 
who can have surgery — just 6,000 to 6,500 patients a year in the United States. Those 
are the patients whose cancer was diagnosed before it spread beyond the pancreas. 

Gemcitabine already is used to fight breast, lung and ovarian cancer. It is also used 
to treat inoperable pancreatic cancer. It costs about $2,800 a month and has relatively 
mild side effects such as fatigue and hair thinning.  Doctors disagree about the best 
treatment following surgery for pancreatic cancer. Some watch for the disease to recur 
before starting other therapies. Others recommend chemotherapy right away, or a 
combination of chemotherapy and radiation. 



"Unfortunately, the majority of patients after surgery have their cancer come back," said 
Dr. Daniel Laheru of Johns Hopkins University School of Medicine, who was not 
involved in the study but specializes in pancreatic cancer. "That's why this study is 
important." 

Unlike other cancers, pancreatic cancer appears to spread almost as soon as it appears, 
possibly because the pancreas is not as self-contained as other organs. Pancreatic cancer 
cells are also usually tougher to kill in a petri dish than other types of cancer cells. 
The German researchers followed 354 patients after surgery for an average of 4 1/2 
years. Some patients were chosen at random to get gemcitabine for about six months 
starting soon after surgery. The researchers found that 74 percent of patients receiving 
gemcitabine saw their cancer come back, versus 92 percent of patients not getting the 
drug. The patients were treated at 88 cancer centers in Germany and Austria. 

Study co-author Dr. Hanno Riess of Charite School of Medicine in Berlin said the 
findings are changing practice in Europe, where most doctors previously had not used 
radiation or chemotherapy after pancreas surgery. 

Worldwide, there are an estimated 232,000 new cases of pancreatic cancer annually. In 
the United States, it is the fourth leading cause of cancer death, claiming 32,300 lives last 
year.  The pancreas, located between the stomach and the spine, secretes enzymes that 
help digest food and hormones that maintain blood sugar levels.  

Smoking and a family history of pancreatic cancer raise the risk of the disease. Eating 
more fruits and vegetables may reduce the risk.  Some of the study's authors reported 
financial ties to drug makers including Gemzar's manufacturer, Indianapolis-based Eli 
Lilly and Co. A grant from Lilly Deutschland supported the study, but the company had 
no say in its design or data interpretation, the researchers reported.  

1.9.7.9   Asia on brink of diabetes disaster 

Health services across Asia could crash in the face of a worsening epidemic of obesity-
led diabetes, experts warn.  In 2003, 194 million people in Asia had diabetes and by 
2025, the tally could be 333 million, according to a paper published by the British journal 
The Lancet on 11/9/06.  "Childhood obesity has increased substantially and the 
prevalence of Type 2 diabetes has now reached epidemic levels in Asia. The health 
consequences of this epidemic threaten to overwhelm health-care systems in the region," 
the study says sternly.  "Urgent action is needed, and advocacy for lifestyle changes is the 
first step." 

The review, lead-written by South Korean diabetes specialist Yoon Kun-Ho, a professor 
at Kangnam St. Mary's Hospital in Seoul, says Asia is riding the express lane to a crisis 
with far-reaching social and economic repercussions.  Many of its causes are familiar to 
western economies, where insulin resistance, which leads to diabetes, has surged along 
with waistlines, it says.  The paper points the finger of blame at energy-dense diets 



saturated in fat and sugar that have come along with urbanization and prosperity, and at a 
sedentary lifestyle based around the TV and computer screen. 

In South Korea, the proportion of plant-derived food in the local diet plunged from 97 
percent in 1969 to 79 percent in 1995, while the animal-food intake rose sevenfold. In 
Japan, five-year-old boys in metropolitan Tokyo had 12.6 percent of fat in their daily diet 
in 1952; in 1994, it was 33.2 percent.  In the United States, prevalence of Type 2 diabetes 
has doubled from four to eight percent of the population in 40 years. 

In newly-developed economies in Asia, the rate today is similar or even higher -- only it 
has taken just a couple of decades for this to occur.  In Chinese adults, the rate of diabetes 
tripled from one percent to 3.2 percent between 1980 and 1996, while in Indonesia, South 
Korea and Thailand, prevalence has risen threefold to fivefold over the past 30 years. 

Diabetes in Asia particularly strikes people aged between 45 and 64, whereas in Europe 
and North America, populated mainly by people of European descent, diabetes mainly 
affects people older than 65.  This raises the worrying question whether Asians are 
genetically more susceptible to obesity and diabetes, says the study, which appears in 
11/12/06 issue of The Lancet. 

When compared like for like, in terms of age, sex and body mass, Asians, especially 
Asian women, have a higher proportion of body fat than their counterparts of European 
origin, and this fat is likelier to be stored around the abdomen. According to a World 
Health Organisation (WHO) report, a substantial proportion of Asian people with a body-
mass index of less than 25 -- which is the "overweight" threshold according to the 
conventional yardstick -- are at high risk of Type 2 diabetes and cardiovascular disease. 

In addition, several studies suggest Asians may lack sufficient beta cells in the 
pancreas, or have flaws in these cells. These problems make them resistant to insulin, the 
precursor condition to Type 2 diabetes.  The authors say governments across the region 
should launch emergency plans to tackle the problem, focusing first and foremost on 
weight control and exercise. 

"Improvement of public health remains an urgent need, since the looming epidemic of 
diabetes and its complications threatens to drain health care resources," they say.  
Diabetes is a chronic condition in which the body does not produce enough of the 
hormone insulin, or cannot make proper use of the insulin it does produce, a 
condition called insulin resistance.  

As a result, there are wild fluctuations of glucose in the blood. This can eventually lead to 
blindness, heart disease, amputations and kidney failure.  Type 1 diabetes is linked to 
genetic predisposition. The more common Type 2 diabetes results mainly from an 
unhealthy diet and inactivity. 

 



1.9.7.10   Best ways to avoid type 2 diabetes 

Control your weight.  Eat balanced , nutritious meals.  Exercise regularly.  Even moderate 
exercise is beneficial. 

1.9.8.0   Redox paradox & diabetes 

Propelled by the identification of a small family of NADPH oxidase (Nox) enzyme 
homologs that produce superoxide in response to cellular stimulation with various growth 
factors, renewed interest has been generated in characterizing the signaling effects of 

reactive oxygen species (ROS) in relation to insulin action. 

Two key observations made >30 years ago: 

1)—that oxidants can facilitate or mimic insulin action, especially H2O2 and 

2) that H2O2 is generated in response to insulin stimulation of its target cells 

—have led to the hypothesis that ROS may serve as second messengers in the insulin 
action cascade. In other words, peroxide acts like insulin and peroxide is generated 
secondary to the action of insulin.   

Specific molecular targets of insulin-induced ROS include enzymes whose signaling 
activity is modified via oxidative biochemical reactions, leading to enhanced insulin 
signal transduction. These positive responses to cellular ROS may seem "paradoxical" 
because chronic exposure to relatively high levels of ROS have also been associated with 

functional ß-cell impairment and the chronic complications of diabetes. I believe that the 
high EMOD levels are due to the body’s natural response to disease and it is 
naturally trying to generate more or adequate EMOD levels.  The high EMOD 
levels should not be interpreted as being causative of disease, including diabetes.  

The best-characterized molecular targets of ROS are the protein-tyrosine phosphatases 
(PTPs) because these important signaling enzymes require a reduced form of a critical 
cysteine residue for catalytic activity.  In short, EMODs block the insulin blocking 
ability of PTPs and thus, enhance insulin activity. 

PTPs normally serve as negative regulators of insulin action via the dephosphorylation of 
the insulin receptor and its tyrosine-phosphorylated cellular substrates. However, ROS 
can rapidly oxidize the catalytic cysteine of target PTPs, effectively blocking their 
enzyme activity and reversing their inhibitory effect on insulin signaling. Among the 
cloned Nox homologs, investigators have recently provided evidence that Nox4 may 

mediate the insulin-stimulated generation of cellular ROS and is coupled to insulin action 
via the oxidative inhibition of PTP1B, a PTP known to be a major regulator of the insulin 
signaling cascade. Further characterization of the molecular components of this novel 
signaling cascade, including the mechanism of ROS generated by insulin and the 
identification of various oxidation-sensitive signaling targets in insulin-sensitive cells, 



may provide a novel means of facilitating insulin action in states of insulin resistance 
(Redox Paradox. Insulin Action Is Facilitated by Insulin-Stimulated Reactive Oxygen 
Species With Multiple Potential Signaling Targets. Barry J. Goldstein, Kalyankar 
Mahadev, and Xiangdong Wu. Diabetes 54:311-321, 2005).   

1.9.8.1   Diabetes decreases phagocyte peroxide production 

Several studies have shown impairment of neutrophil function, a disorder that 
contributes to the high incidence of infections in diabetes. Since glucose and 
glutamine play a key role in neutrophil function, they investigated their metabolism in 
neutrophils obtained from the peritoneal cavity of streptozotocin-induced diabetic rats. 
The activities of hexokinase, glucose-6-phosphate dehydrogenase (G6PDH), 
phosphofructokinase (PFK), citrate synthase, phosphate-dependent glutaminase, NAD+-
linked and NADP+-linked isocitrate dehydrogenase were assayed. Glucose, glutamine, 
lactate, glutamate and aspartate, and the decarboxylation of [U-14C], [1-14C] and [6-
14C]glucose; [U-14C]palmitic acid; and [U-14C]glutamine were measured in 1-h incubated 
neutrophils. Phagocytosis capacity and hydrogen peroxide (H2O2) production were also 
determined. All measurements were carried out in neutrophils from control, diabetic and 
insulin-treated (2–4IU/day) diabetic rats. Phagocytosis and phorbol myristate 
acetate (PMA)-stimulated H2O2 production were decreased in 
neutrophils from diabetic rats. The activities of G6PDH and glutaminase were 
decreased, whereas that of PFK was raised by the diabetic state. The activities of the 
remaining enzymes were not changed. Diabetes decreased the decarboxylation of [1-
14C]glucose and [U-14C]glutamine; however, [6-14C]glucose and [U-14C]palmitic acid 
decarboxylation was increased. These observations indicate that changes in metabolism 

may play an important role in the impaired neutrophil function observed in diabetes. The 
treatment with insulin abolished the changes induced by the diabetic state even with 
no marked change in glycemia. Therefore, insulin may have a direct effect on neutrophil 
metabolism and function (Diabetes causes marked changes in function and metabolism of 
rat neutrophils. T C Alba-Loureiro, S M Hirabara, J R Mendonça, R Curi and T C Pithon-
Curi. Journal of Endocrinology (2006) 188, 295-303).  I believe that this is a very 
important observation, i.e., WBCs in diabetics have low EMOD (H2O2) 
levels, which allows for infections, CVD and cancer.  This is consistent 
with my ROSI syndrome proposal.   

1.9.8.2   Antioxidants, catalase and metallothionein accelerate diabetes 

It is widely proposed that reactive oxygen species (ROS) contribute to ß-cell death in type 
1 diabetes. Investigators tested this in nonobese diabetic (NOD) mice using ß-cell–
specific overexpression of three antioxidant proteins: metallothionein (MT), catalase 
(Cat), or manganese superoxide dismutase (MnSOD).  

Unexpectedly, the cytoplasmic antioxidants, MT and catalase, greatly 
accelerated diabetes after cyclophosphamide and accelerated spontaneous diabetes in 
male NOD mice. This occurred despite the fact that they reduced cytokine-induced ROS 



production and MT reduced streptozotocin diabetes in NOD mice. Accelerated diabetes 
onset coincided with increased ß-cell death but not with increased immune attack. Islets 
from MTNOD mice were more sensitive to cytokine injury. In vivo and in vitro studies 
indicated reduced activation of the Akt/pancreatic duodenal homeobox-1 survival 
pathway in MTNOD and CatNOD islets. Our study indicates that cytoplasmic ROS 
may have an important role for protecting the ß-cell from autoimmune 
destruction (Metallothionein and Catalase Sensitize to Diabetes in Nonobese Diabetic 
Mice. Reactive Oxygen Species May Have a Protective Role in Pancreatic ß-Cells. 
Xiaoyan Li, Hainan Chen, and Paul N. Epstein. Diabetes 55:1592-1604, 2006).  I believe 
that this study shows that antioxidants, in any form, may intensify diabetes and 
should be avoided in all prediabetics and diabetics.  It also emphasized the fact that 
EMODs are protective, not toxic, to beta cells, as has been proposed by many others. 

This work also supports my ROSI syndrome proposal.  

1.9.8.3   Selenium does not prevent type 2 diabetes, and it may increase its risk  

Findings from animal models suggest that selenium supplementation improves glucose 
metabolism. Investigators examined the effect of long-term selenium supplementation on 
the incidence of type 2 diabetes in areas of low selenium consumption of the eastern 
United States with secondary analysis of a randomized, double-blind, placebo-controlled 

trial.  Patients: 1202 persons seen in dermatology clinics who did not have type 2 
diabetes at baseline. Intervention: Oral administration of selenium, 200 µg/d, or placebo. 
Measurements: Incidence of type 2 diabetes.  

Results: During an average follow-up of 7.7 years (SD, 2.7), type 2 diabetes developed 
in 58 selenium recipients and 39 placebo recipients (incidence, 12.6 cases per 1000 
person-years vs. 8.4 cases per 1000 person-years, respectively; hazard ratio, 1.55 [95% 
CI, 1.03 to 2.33]).  

The lack of benefit of selenium supplementation on the incidence of type 2 diabetes 
persisted in analyses stratified by age, sex, body mass index, and smoking status.  

An exposure–response gradient was found across tertiles of baseline plasma selenium 
level, with a statistically significantly increased risk for type 2 diabetes in the highest 

tertile of baseline plasma selenium level (hazard ratio, 2.70 [CI, 1.30 to 5.61]).  

Limitations: Diabetes was a secondary outcome in the parent trial. Diagnoses of diabetes 
were self-reported but were validated in most participants. The sample was mostly older 
and white.  

Conclusions: Selenium supplementation does not seem to prevent type 2 
diabetes, and it may increase risk for the disease (Effects of Long-Term 
Selenium Supplementation on the Incidence of Type 2 Diabetes: A Randomized Trial. S. 
Stranges, J. R. Marshall, R. Natarajan, R. P. Donahue, M. Trevisan, G. F. Combs, F. P. 
Cappuccio, A. Ceriello, and M. E. Reid. Ann Intern Med, August 21, 2007; 147(4): 217 - 



223).  Again, I see a study which shows that the claimed antioxidant, selenium, does 
not prevent diabetes and actually increases its risk.  This further supports my 
UTOPIA and ROSI proposals.  

These are extremely important observations regarding causation and management 
of diabetes.  Prevention is next. 

1.9.8.4   H2O2 signals insulin release 

One of the unique features of ß-cells is their relatively low expression of many 
antioxidant enzymes. This could render ß-cells susceptible to oxidative damage but 
may also provide a system that is sensitive to reactive oxygen species as signals. In 
isolated mouse islets and INS-1(832/13) cells, glucose increases intracellular 
accumulation of H2O2. In both models, insulin secretion could be stimulated by provision 
of either exogenous H2O2 or diethyl maleate, which raises intracellular H2O2 levels. 
Provision of exogenous H2O2 scavengers, including cell permeable catalase and N-acetyl-
L-cysteine, inhibited glucose-stimulated H2O2 accumulation and insulin secretion (GSIS). 
In contrast, cell permeable superoxide dismutase, which metabolizes superoxide into 
H2O2, had no effect on GSIS. Because oxidative stress is an important risk factor for ß-
cell dysfunction in diabetes, the relationship between glucose-induced H2O2 generation 

and GSIS was investigated under various oxidative stress conditions. Acute exposure of 
isolated mouse islets or INS-1(832/13) cells to oxidative stressors, including arsenite, 4-
hydroxynonenal, and methylglyoxal, led to decreased GSIS. This impaired GSIS was 
associated with increases in a battery of endogenous antioxidant enzymes. Taken 
together, these findings suggest that H2O2 derived from glucose metabolism is one of the 
metabolic signals for insulin secretion, whereas oxidative stress may disturb its signaling 
function (Reactive Oxygen Species as a Signal in Glucose-Stimulated Insulin Secretion.  
J. Pi, Y. Bai, Q. Zhang, V. Wong, L. M. Floering, K. Daniel, J. M. Reece, J. T. Deeney, 
M. E. Andersen, B. E. Corkey, et al. Diabetes, July 1, 2007; 56(7): 1783 - 1791).   

If EMODs are harmful to beta cells, one has to ask, “Why does the pancreas have 
low antioxidant levels?”  It is because the pancreas needs high EMOD levels of 
insulin secretion.  Peroxide is a major signaling agent for insulin production.  Thus, 
without adequate peroxide levels, a diabetic state would occur.  All of these factors 
demonstrate the reasons that diabetes is a part of coexisting or clustering of diseases 
found in the ROSI syndrome of Howes.  

1.9.9.0   Antimalarials decreased effect by antioxidants 

The study was undertaken to evaluate the effect of prior treatment of rats with the 
antimalarial drugs amodiaquine (AQ) mefloquine (MQ) and halofantrine (HF) on rat liver 
microsomal lipid peroxidation in the presence of 1 mM FeSO4, 1 mM ascorbate and 0.2 
mM H2O2 (oxidants). Ingestion of alpha-tocopherol, a radical chain-breaking antioxidant 
was also included to assess the role of antioxidants in the drug treatment. In the presence 
of oxidants AQ, MQ and HF elicited 288%, 175% and 225% increases in 
malondialdehyde (MDA) formation while the drugs induced 125%, 63% and 31% 



increases in the absence of oxidants respectively. Similarly, AQ, MQ and HF induced 
lipid hydroperoxide formation by 380%, 256%, 360% respectively in the presence of 
oxidants and 172%, 136% and 92% in the absence of exogenously added oxidants 
respectively. α-tocopherol reduced AQ, MQ and HF-induced MDA formation by 40%, 
55% and 52% respectively and lipid hydroperoxide formation by 53%, 59% and 54% 
respectively. Similarly, alpha-tocopherol attenuated the AQ, MQ and HF-induced MDA 
formation by 49%, 51% and 51% in the presence of oxidants and lipid hydroperoxide 
formation by 61%, 62% and 47% respectively. The results indicate that rat liver 
microsomal lipid peroxidation could be enhanced by antimalarial drugs 
in the presence of reactive oxygen species and this effect could be 
ameliorated by treatment with antioxidants (Antimalarial drugs exacerbate rat 
liver microsomal lipid peroxidation in the presence of oxidants. Farombi EO, Adoro S, 
Uhunmwangho S. Biosci Rep. 2001 Jun;21(3):353-9). I believe that this is saying that 
antioxidants, such as AA, can reduce the effectiveness of antimalarials. 

The relation between oxidative stress and viral infections has been further scrutinized in 
an interesting way: oxidative stress is implicated in the pathogenesis of viral 

infections, including hepatitis, influenza, and AIDS (Beck, M. A., Handy, J. & 
Levander, O. A. (2004) Host nutritional status: the neglected virulence factor. Trends 
Microbiol. 12:417-423). Please remember that these EMODs are “implicated” in 
these viral diseases, just as they are erroneously implicated in 100 other 
pathophysiologies. If a virus has a lipid coat, it will be oxidized and rendered 
ineffective with high EMOD levels. 

1.9.9.1   Prooxidant activity from antioxidant chemopreventative agents 
 
Antioxidants are considered as the most promising chemopreventive agents against 
various human cancers. However, some antioxidants play paradoxical roles, acting as 
"double-edged sword." A primary property of effective and acceptable chemopreventive 
agents should be freedom from toxic effects in healthy population. Miscarriage of the 
intervention by β-carotene made us realize the necessity for evaluation of safety before 
recommending use of antioxidant supplements for chemoprevention. Kawanishi et al 
have evaluated the safety of antioxidants on the basis of reactivity with DNA.Their 
results revealed that phytic acid, luteolin, and retinoic acid did not cause DNA 
damage under the experimental condition. Furthermore, phytic acid inhibited the 
formation of 8-oxo-7,8-dihydro-2'-deoxyguanosine, an indicator of oxidative DNA 
damage, in cultured cells treated with a H2O2-generating system. Thus, it is expected that 
these chemopreventive agents can safely protect humans against cancer.  
 
On the other hand, some chemopreventive agents with prooxidant properties (α-
tocopherol, quercetin, catechins, isothiocyanates, N-acetylcysteine) caused DNA 
damage via generation of reactive oxygen species in the presence of metal ions and 
endogenous reductants under some circumstances. Furthermore, other chemopreventive 
agents (β-carotene, genistein, daidzein, propyl gallate, curcumin) exerted prooxidant 
properties after metabolic activation. Therefore, further studies on safety should be 
required when antioxidants are used for cancer prevention. (Antioxidants & Redox 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Farombi+EO%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Adoro+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Uhunmwangho+S%22%5BAuthor%5D


Signaling. Evaluation for Safety of Antioxidant Chemopreventive Agents. 
Shosuke Kawanishi, et al. Antioxid. Redox Signal Nov 2005, Vol. 7, No. 11-12: 1728-
1739). 
 
1.9.9.2   Curcumin possesses both pro- and antioxidative effects 

Curcumin is extensively used as a spice and pigment and has anticarcinogenic effects that 
could be linked to its antioxidant properties. However, some studies suggest that this 
natural compound possesses both pro- and antioxidative effects. In this study, we 
found that curcumin induced DNA damage to both the mitochondrial and nuclear 
genomes in human hepatoma G2 cells. Using quantitative polymerase chain reaction and 
immunocytochemistry staining of 8-hydroxydeoxyguanosine, we demonstrated that 
curcumin induced dose-dependent damage in both the mitochondrial and nuclear genomes 
and that the mitochondrial damage was more extensive. Nuclear DNA fragments were 
also evident in comet assays. The mechanism underlies the elevated level of reactive 
oxygen species and lipid peroxidation generated by curcumin. The lack of DNA damage 
at low doses suggested that low levels of curcumin does not induce DNA damage and 
may play an antioxidant role in carcinogenesis. But at high doses, they found that 
curcumin imposed oxidative stress and damaged DNA. These data reinforce the 
hypothesis that curcumin plays a conflicting dual role in carcinogenesis. Also, the 
extensive mitochondrial DNA damage might be an initial event triggering curcumin-
induced cell death (Mitochondrial and Nuclear DNA Damage Induced by Curcumin in 
Human Hepatoma G2 Cells. Jun Cao et al. Toxicological Sciences 2006 91(2):476-483). 

2.0.0 Atmospheric EMODs 

Previously, I have stated that we are swimming in a sea of radicals.  Further, I have said 
that I believe that these EMODs are of low toxicity and are essential for normal healthful 
living. This has been confirmed by European investigators.  Some of the following 
material was abstracted, excerpted or modified from:  In 1997, Naum Goldstein published 
“Is Atmospheric Superoxide Vitally Necessary?  Accelerated Death of Animals in a 
Quasi-neutral Electric Atmosphere.”  In this work, Goldstein showed that atmospheric 
superoxide stimulated fibroblast and pancreatic beta cell proliferation.  Elimination of 
superoxide from the ambient atmosphere caused 100% death in mice within 16-23 days.  

2.0.1 Arsenic 

2.0.2  Arsenic Mutagenicity Not Blocked by Antioxidants in vivo 

Oxidative stress has been increasingly recognized as a possible mechanism in the 
toxicity and carcinogenicity of various chemicals, including arsenic. Therefore, 
treatment with antioxidants may afford a protective effect against arsenic-induced 
cytotoxicity and carcinogenesis. Dimethylarsinic acid (DMAV) has been shown to be a 
bladder carcinogen in rats when administered at high doses (100 ppm) in the diet or in 
the drinking water. The main purpose of the present study was to evaluate the effects of 

co-administration of antioxidants with arsenicals on the rat urinary bladder epithelium in 



vitro and in vivo. In a previous experiment, treatment with 1000 ppm melatonin for two 
weeks did not inhibit cell proliferation induced in the rat urothelium by 100 ppm 
DMAV. In the current study, we examined the effects of five antioxidants that act via 
different mechanisms, on the in vitro cytotoxicity of various arsenicals, for the purpose of 
determining which antioxidants might have protective effects against arsenic-induced 
cytotoxicity. The antioxidants that inhibited cytotoxicity in vitro were then studied also in 
vivo. Melatonin showed slight inhibition of the cytotoxicity of arsenite, but had no 
effect on the other arsenicals. N-acetylcysteine (NAC) inhibited the cytotoxicity of 
monomethylarsonous acid (MMAIII), DMAV, dimethylarsinous acid (DMAIII), and 
trimethylarsine oxide (TMAO). Vitamin C inhibited cytotoxicity induced by arsenate, 
arsenite, MMAIII, and DMAIII. Tiron and Trolox had no effect on the cytotoxicity of 
any arsenical. The in vitro inhibitory effects of NAC and vitamin C on DMAV and on 
DMAIII, suggested that these antioxidants might afford preventive effects on DMAV-
induced bladder cytotoxicity and carcinogenesis in rats. To test this hypothesis, a 10-week 
rat bioassay was conducted. Melatonin was also included to clarify the results of the 
previous two-week experiment. The sodium salt of vitamin C (Na-Asc), but 
not melatonin or NAC, inhibited the proliferative effects of DMAV on 
the bladder epithelium in rats. These results suggest that oxidative stress is at 
least in part involved in DMAV-induced rat bladder toxicity and proliferation, and 
therefore, vitamin C may afford inhibitory effects in DMAV-induced bladder 
carcinogenesis in rats. Microarray analysis of DMAV-responsive genes revealed that 
DMAV did not have a consistent modifying effect on gene expression in the rat bladder 
epithelium, suggesting that proteins and/or lipids may be the targets of damage by 
DMAV-induced oxidative stress (Effects of Co-administration of Antioxidants and 
Arsenicals on the Rat Urinary Bladder Epithelium. M Wei et al. Toxicological Sciences 
2005 83(2):237-245).  I believe that the ascorbate is working as a prooxidant in this 
case.  Hence, it inhibited the mutagenic effects of DMA. 

2.0.3   Arsenic effect is concentration and redox dependent 

Arsenic is a well established human carcinogen and is associated with a variety of cancers 
including those of the skin. Paradoxically, arsenic has also been used, amid at low 
doses, in the treatment of leukemia for over a century. Here they demonstrate that 
low to moderate concentrations of arsenite (2-10 µM) that has little or no effect on 
normal melanocytes may induce apoptosis of human melanomas including highly 
metastatic ones despite their low surface Fas levels. The two prerequisites that dictate 

apoptotic response of melanomas upon arsenite treatment are low nuclear NF- B activity 
and an endogenous expression of tumor necrosis factor . Under these conditions, 
melanoma cells acquired sensitivity to tumor necrosis factor -mediated killing. On the 

other hand, signaling pathways including those of phosphatidylinositol 3-kinase-AKT, 
MEK-ERK, and JNK play a protective role against arsenite-induced oxidative stress and 
apoptosis in melanoma cells. Suppression of these pathways dramatically accelerates 

arsenite-induced apoptosis. Taken together, these data could provide potential approaches 
to sensitize melanomas to the cytotoxic effects of arsenite through modulating the 
signaling pathways (Arsenite Sensitizes Human Melanomas to Apoptosis via Tumor 



Necrosis Factor -mediated Pathway. Vladimir N. Ivanov and Tom K. Hei. J. Biol. 
Chem., Vol. 279, Issue 21, 22747-22758, May 21, 2004).   

It appears to me that both curcumin and arsenic effects are redox status dependent. 

2.1.0   Risk Factors:  Atherosclerosis 

2.1.1  SHIFT MAID:  

• Smoking 
• Ever smoked? 
• How many per day? 
• For how many years? 
• Type: cigarette, pipe, chew?  

• HTN 
• When first diagnosed? 
• How treated?  

• IDDM, NIDDM 
• How well controlled? 
• Insulin required? 
• Age of onset?  

• Family history 
• Age of onset?  

• Triglycerides, fats, HDL over 100 mg/dL  
• Male  
• Age  
• Inactivity (lack of exercise) 
• Diet, drink 
• Obesity  
• Physical inactivity 

 

2.1.2   Atherosclerosis 

Atherosclerosis comes from the Greek words athero (meaning gruel or paste) and 
sclerosis (hardness). It's the name of the process in which deposits of fatty substances, 
cholesterol, cellular waste products, calcium and other substances build up in the inner 
lining of an artery. This buildup is called plaque. It usually affects large and medium-
sized arteries.  Plaques can grow large enough to significantly reduce the blood's flow 
through an artery. But most of the damage occurs when they become fragile and rupture. 
Many scientists think it begins with damage to the innermost layer of the artery, the 
endothelium. Because of the damage to the endothelium, fats, cholesterol, platelets, 
cellular waste products, calcium and other substances are deposited in the artery wall. 

Causes of damage to the arterial wall include: 



• elevated levels of cholesterol and triglyceride in the blood  
• high blood pressure.  
• tobacco smoke  
• diabetes   

Investigators have found oxidation of blood glutathione and an increase in plasma 
lipoperoxide levels in both human type 1 diabetes and experimental diabetes. Peroxide 
production by mitochondria does not increase in diabetes. On the contrary, 
the activity of xanthine oxidase, a superoxide-generating enzyme, increases in liver 

and plasma of diabetic animals. The increase in plasma xanthine oxidase activity 
may be explained by the increase in the hepatic release of this enzyme, which is not due 
to nonspecific membrane damage: release of other hepatic enzymes, such as the amino 

transferases, does not increase in diabetes. Superoxide formation by aortic rings of 
rabbits increases significantly in diabetes. This is completely inhibited by allopurinol, 
an inhibitor of xanthine oxidase. Heparin, which releases xanthine oxidase from the vessel 
wall, also decreases superoxide formation by aortic rings of diabetic animals. Treatment 
with allopurinol decreases oxidative stress in type 1 diabetic patients: hemoglobin 
glycation, glutathione oxidation, and the increase in lipid peroxidation are prevented. 
These results may have clinical significance in the prevention of late-onset vascular 
complications of diabetes. (Xanthine Oxidase Is Involved in Free Radical Production in 
Type 1 Diabetes. Protection by Allopurinol. Marí-Carmen Desco et al. Diabetes 51:1118-
1124, 2002). 
 
The prototypical xanthine oxidase (XO) inhibitor allopurinol, has been the cornerstone of 
the clinical management of gout and conditions associated with hyperuricemia for 
several decades. More recent data indicate that XO also plays an important role in various 
forms of ischemic and other types of tissue and vascular injuries, inflammatory diseases, 
and chronic heart failure. Allopurinol and its active metabolite oxypurinol showed 
considerable promise in the treatment of these conditions both in experimental animals 
and in small-scale human clinical trials. Although some of the beneficial effects of these 
compounds may be unrelated to the inhibition of the XO, the encouraging findings 
rekindled significant interest in the development of additional, novel series of XO 
inhibitors for various therapeutic indications (Pharmacol Rev 58:87-114, 2006). 
 
2.1.3  Antioxidants fail to correct or prevent vascular disease 



Based on experimental evidence of the importance of oxidative stress in vascular damage, 
there has been great interest in developing strategies that target ROS in the treatment of 
hypertension and other cardiovascular diseases. Therapeutic approaches that have been 
considered include mechanisms to increase antioxidant bioavailability or to reduce ROS 
generation by decreasing activity of ·O2

– -generating enzymes. Gene therapy targeting 

oxidant systems are also being developed, but their use in clinical hypertension remains 
unclear (Reactive Oxygen Species, Vascular Oxidative Stress, and Redox Signaling in 
Hypertension. What Is the Clinical Significance? Rhian M. Touyz. Hypertension. 
2004;44:248).  

The potential of antioxidants in treating conditions associated with oxidative stress is 
supported by experimental investigations, observational findings, small clinical studies, 
and epidemiological data. However, findings are inconsistent and clinical trial 
data are inconclusive. To date, at least 7 large trials have been published regarding 
antioxidant vitamin effects on risks of cardiovascular disease: the Cambridge Heart 
Antioxidant Study (CHAOS; 2002 patients); Alpha Tocopherol, Beta-Carotene cancer 
prevention study (ATBC; 27 271 males); Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Infarto Miocardico (GISSI)-Prevenzione trial (3658 patients); Heart 
Outcomes Prevention Evaluation (HOPE) study (2545 subjects); Medical Research 
Council/British Heart Foundation (MRC/BHF) heart protection study (20 536 adults); 

Primary Prevention Project (PPP; 4495 patients); and the Antioxidant Supplementation in 
Atherosclerosis Prevention (ASAP) study (520 subjects) have recently been reviewed. 
Except for the ASAP study, which demonstrated that 6-year supplementation of daily 

vitamin E and slow-release vitamin C reduced progression of carotid atherosclerosis, the 
other studies failed to demonstrate significant beneficial effects of antioxidants on BP or 
on cardiovascular end points. Thus, overall results of clinical trials are disappointing 

given the consistent and promising findings from experimental investigations, clinical 
observations, and epidemiological data. 

2.1.4  Current Recommendations and Clinical Implications 

 
In view of present data, it is suggested that the general population consumes a balanced 
diet emphasizing antioxidant-rich fruits and vegetables and whole grains. Currently, 
antioxidant supplementation is not recommended for the prevention or 
treatment of hypertension. This advice, which is consistent with the guidelines of 
the American Heart Association and the Canadian Hypertension Society, considers the 
role of the total diet in influencing disease risk, and is supported by findings from the 
Dietary Approaches to Stop Hypertension (DASH) and a recent trial from the United 

Kingdom, which demonstrated that subjects consuming high fruit and vegetable diets had 
significantly reduced BP.  

It has also been suggested that some of the beneficial effects of classical antihypertensive 
agents such as ß-adrenergic blockers (carvedilol), ACE inhibitors, AT1 receptor 
antagonists, and Ca2+ channel blockers may be mediated, in part, by decreasing vascular 
oxidative stress.  These effects have been attributed to direct inhibition of NAD(P)H 



oxidase activity, as shown for AT1 receptor blockers, and to intrinsic antioxidant 
properties of the agents.  Yet, antioxidants fail to prevent or control hypertension. 

 
2.2.0   Hydrogen Peroxide and Vascular Disease 

Some of the following material was abstracted, excerpted or modified from:  NAD(P)H 
Oxidase–Dependent Self-Propagation of Hydrogen Peroxide and Vascular Disease. Hua 
Cai. Circulation Research. 2005;96:818. 

Though reactive oxygen species are clearly involved in vascular pathogenesis, the 
specific, individual reactive oxygen species that is most important in pathological 
signaling remains to be identified. Nevertheless, selectively overproducing or 
removing H2O2 in rodents was found highly influential of atherosclerotic 

development. Mice overexpressing NAD(P)H oxidase subunit p22phox (first developed by 
Dr David Harrison’s group at Emory University) had markedly increased atheroma 
formation in a carotid ligation model (Khatri JJ, Johnson C, Magid R, Lessner SM, Laude 
KM, Dikalov SI, Harrison DG, Sung HJ, Rong Y, Galis ZS. Vascular oxidant stress 
enhances progression and angiogenesis of experimental atheroma. Circulation. 2004; 
109: 520–525).  

This response was associated with enhanced H2O2 production in the vessel wall, and was 
abolished by scavenging H2O2 with ebselen, implicating a critical role of H2O2 in 
atherogenesis. Parallel studies using different animal models and catalase scavenging of 
H2O2 from another group confirmed the same notion, offsetting the concern that 
ebselen also removes peroxynitrite. 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. They found that whereas 
overexpressing Cu/Zn-SOD had no effect on atherosclerotic lesion 
formation in apoE–/– mice, overexpression of catalase or 
cooverexpression of catalase and Cu/Zn-SOD markedly retarded 
atherosclerosis in many aspects including lesion severity, lesion size, and 
area of affection throughout the aortic tree (Yang H, Roberts LJ, Shi MJ, Zhou 
LC, Ballard BR, Richardson A, Guo ZM. Retardation of atherosclerosis by 
overexpression of catalase or both Cu/Zn-superoxide dismutase and catalase in mice 
lacking apolipoprotein E. Circ Res. 2004; 95: 1075–1081).  

These observations were consistent with the findings by Tribble et al that 
overexpression of Cu/Zn-SOD failed to prevent atherosclerosis in high-
fat diet–fed apoE–/– mice (Tribble DL, Gong EL, Leeuwenburgh C, Heinecke JW, 
Carlson EL, Verstuyft JG, Epstein CJ. Fatty streak formation in fat-fed mice expressing 
human copper-zinc superoxide dismutase. Arterioscler Thromb Vasc Biol. 1997; 17: 
1734–1740). I believe that this illustrates that the increased levels of H2O2 produced 
by SOD is not causative of plaque formation.  It allows for oxidation of the 
microaggregates and for excretion of the oxidized products. 



Taken together, Cai believes that these data indicate that H2O2 is more 
atherogenic than O2

·–. Of interest, the protective effects of catalase overexpression 
were found independent of plasma lipids. One may argue that Cu/Zn-SOD is intracellular, 
and that the scavenging of O2

·– by extracellular SOD (ecSOD) to prevent NO· degradation 

during its trafficking to vascular smooth muscle is more relevant to atheroprotection. 
Indeed, evidence gained from ecSOD-null mice and adenovirus-mediated overexpression 
of ecSOD supports that ecSOD is the main determinant of NO· bioavailability in the 
vessel wall and is thus involved in blood pressure regulation.  

 However, the impact of ecSOD overexpression on atherosclerosis is not yet reported. On 
the other hand, Sentman and colleagues found that mice deficient in ecSOD 
developed similar atherosclerotic lesions compared with wild-type mice 
(Sentman ML, Brannstrom T, Westerlund S, Laukkanen MO, Yla-Herttuala S, Basu S, 
Marklund SL. Extracellular superoxide dismutase deficiency and atherosclerosis in mice. 
Arterioscler Thromb Vasc Biol. 2001; 21: 1477–1482). Therefore, whereas O2

·–  is 
important in directly modulating NO· bioavailability and serving as the precursor for 
H2O2, relatively lasting H2O2

 seems more important in mediating atherogenic signaling. 
Again, I believe that SOD is needed for production of H2O2, which can oxidize LDL 
and make it more readily excretable. 

Of note, different from O2
·– that is charged, hardly permeable, and extremely short-lived, 

H2O2 produced either intracellularly, within mitochondria, or at extracellular space 
is uncharged, relatively longer-lived, and freely diffusible. As for NO·, this property 
makes H2O2 an ideal signaling molecule. On the other hand, intracellular scavenging of 
H2O2 with ebselen or catalase could have removed H2O2 from all these sources. It 

thus remains unclear whether localized production of H2O2 at certain cellular 
compartment or vascular space is required in atherogenic signaling.  

Interestingly, besides intracellular autocrine signaling, the capacity of diffusing among 
adjacent cells enables H2O2 for paracrine signaling. Of note, H2O2 produced by vascular 
smooth muscle can diffuse to endothelium to regulate endothelial cell function. For 
example, Laude et al recently showed that H2O2, produced in vivo in mice overexpressing 
p22phox in vascular smooth muscle, upregulates eNOS gene expression, confirming our 
previous in vitro observations that H2O2 potently upregulates eNOS expression 
(Drummond GR, Cai H, Davis ME, Ramasamy S, Harrison DG. Transcriptional and 
posttranscriptional regulation of endothelial nitric oxide synthase expression by hydrogen 
peroxide. Circ Res. 2000; 86: 347–354).   

These data also indicate that H2O2, derived from adjacent vascular cells, is able to 
modulate endothelial function, further supporting a unique signaling role of H2O2

 in the 
vasculature.  

Numerous signaling cascades are activated by H2O2 to mediate changes in vascular 
function including endothelial overgrowth (Griendling KK, Harrison DG. Dual role of 
reactive oxygen species in vascular growth. Circ Res. 1999; 85: 562–563) (Eyries M, 
Collins T, Khachigian LM. Modulation of growth factor gene expression in vascular cells 



by oxidative stress. Endothelium. 2004; 11: 133–139),  angiogenesis (Maulik N, Das DK. 
Redox signaling in vascular angiogenesis. Free Radic Biol Med. 2002; 33: 1047–1060), 
smooth muscle proliferation and hypertrophy (Griendling KK, Ushio-Fukai M. 
Reactive oxygen species as mediators of angiotensin II signaling. Regul Pept. 2000; 91: 
21–27), endothelial barrier dysfunction and cytoskeleton reorganization (McQuaid 
KE, Keenan AK. Endothelial barrier dysfunction and oxidative stress: roles for nitric 
oxide? Exp Physiol. 1997; 82: 369–376) (Dalle-Donne I, Rossi R, Milzani A, Di 
Simplicio P, Colombo R. The actin cytoskeleton response to oxidants: from small heat 
shock protein phosphorylation to changes in the redox state of actin itself. Free Radic 
Biol Med. 2001; 31: 1624–1632),  endothelial apoptosis (Taniyama Y, Griendling KK. 
Reactive oxygen species in the vasculature: molecular and cellular mechanisms. 
Hypertension. 2003; 42: 1075–1081), induction of inflammatory proteins (Griendling 
KK, Sorescu D, Lassegue B, Ushio-Fukai M. Modulation of protein kinase activity and 
gene expression by reactive oxygen species and their role in vascular physiology and 
pathophysiology. Arterioscler Thromb Vasc Biol. 2000; 20: 2175–2183), endothelium–
leukocyte interaction, and vascular remodeling (Lessner SM, Galis ZS. Matrix 
metalloproteinases and vascular endothelium-mononuclear cell close encounters. Trends 
Cardiovasc Med. 2004; 14: 105–111) (Pasterkamp G, Galis ZS, de Kleijn DP. Expansive 
arterial remodeling: location, location, location. Arterioscler Thromb Vasc Biol. 2004; 24: 
650–657).  
 
2.2.1   Signaling cascades by H2O2 mediate changes in vascular function 
 
 
Without the reference clutter this would read as follows:   
Numerous signaling cascades are activated by H2O2 to mediate changes in vascular 
function including: 
- endothelial overgrowth,  
- angiogenesis,  
- smooth muscle proliferation and hypertrophy,  
- endothelial barrier dysfunction and cytoskeleton reorganization,  
- endothelial apoptosis,  
- induction of inflammatory proteins, and endothelium–leukocyte interaction,  
- and vascular remodeling. 
 
 
 H2O2 potently activates MAPK members ERK1/2, p38MAPK, JNK, and ERK5 in both 
vascular endothelial and smooth muscle cells.  Their recent studies indicate that H2O2 
activation of ERK1/2 and p38MAPK in endothelial cells requires CaMKII. Receptor 
tyrosine kinases such as those for EGF, PDGF, FGF, VEGF (Aslan M, Ozben T. 
Oxidants in receptor tyrosine kinase signal transduction pathways. Antioxid Redox Signal. 
2003; 5: 781–788), and non-receptor tyrosine kinases such as JAK2 (Simon AR, Rai 
U, Fanburg BL, Cochran BH. Activation of the JAK-STAT pathway by reactive oxygen 
species. Am J Physiol. 1998; 275: C1640–C1652),  Src (Abe J, Takahashi M, Ishida M, 
Lee JD, Berk BC. c-Src is required for oxidative stress-mediated activation of big 
mitogen-activated protein kinase 1. J Biol Chem. 1997; 272: 20389–20394), Cas 



(Yoshizumi M, Abe J, Haendeler J, Huang Q, Berk BC. Src and Cas mediate JNK 
activation but not ERK1/2 and p38 kinases by reactive oxygen species. J Biol Chem. 
2000; 275: 11706–11712), FAK, and Pyk2 (Vepa S, Scribner WM, Parinandi NL, 
English D, Garcia JG, Natarajan V. Hydrogen peroxide stimulates tyrosine 
phosphorylation of focal adhesion kinase in vascular endothelial cells. Am J Physiol. 
1999; 277: L150–L158) (Frank GD, Mifune M, Inagami T, Ohba M, Sasaki T, 
Higashiyama S, Dempsey PJ, Eguchi S. Distinct mechanisms of receptor and nonreceptor 
tyrosine kinase activation by reactive oxygen species in vascular smooth muscle cells: 
role of metalloprotease and protein kinase C- . Mol Cell Biol. 2003; 23: 1581–1589),  are 
responsive to H2O2 in vascular cells and often lie upstream of MAPK.  
 
Without the reference clutter this would read as follows:   
H2O2 activation of ERK1/2 and p38MAPK in endothelial cells requires CaMKII. 
Receptor tyrosine kinases such as those for:  
- EGF, PDGF, FGF, VEGF 
- and non-receptor tyrosine kinases such as  

-JAK2 
 - Src 
 - Cas 
 - FAK, and Pyk2 
are responsive to H2O2 in vascular cells and often lie upstream of MAPK.  
 
 
Axl is a novel receptor tyrosine kinase identified in vascular smooth muscle, and its 
activation by H2O2 mediates neointima formation after vascular injury (Konishi A, 
Aizawa T, Mohan A, Korshunov VA, Berk BC. Hydrogen peroxide activates the Gas6-
Axl pathway in vascular smooth muscle cells. J Biol Chem. 2004; 279: 28766–28770).  
 
 In addition, mitochondrial function was recently found necessary for H2O2-induced 

growth factor transactivation (Chen K, Thomas SR, Albano A, Murphy MP, Keaney JF 
Jr. Mitochondrial function is required for hydrogen peroxide-induced growth factor 
receptor transactivation and downstream signaling. J Biol Chem. 2004; 279: 35079–
35086).  
Redox-sensitive transcriptional factors including NF B, AP-1, and HIF-1  are often 
activated via MAPK to modulate changes in gene expression and cellular function. 
Phosphorylation-dependent posttranslational regulation of proteins also occurs in 
response to H2O2. For example, others have shown that H2O2 induces PI3-Kinase/Akt-
dependent phosphorylation of eNOS, leading to a compensatory, transient increase 
in NO· production. Of note, many protein kinases are indirectly activated, 
subsequent to H2O2 inactivation of protein phosphatases.  
 
Emerging evidence has demonstrated that uniquely, H2O2 is able to amplify its 
own production in vascular cells, and this phenomenon likely contributes to its 
long-lasting pathological effects. To date, at least 5 different mechanisms potentially 
underlie self-propagation of H2O2.  
 



Earlier studies demonstrated that extra-mitochondrial H2O2 can induce mitochondrial 
DNA damage, destroying respiratory enzymes to produce reactive oxygen species 
(Lenaz G. Role of mitochondria in oxidative stress and ageing. Biochim Biophys Acta. 
1998; 1366: 53–67).  
 

Secondly, transferrin receptor (TfR)-dependent endothelial iron uptake is 
augmentable by H2O2, amplifying intracellular H2O2

 formation to induce apoptosis 
(Tampo Y, Kotamraju S, Chitambar CR, Kalivendi SV, Keszler A, Joseph J, 
Kalyanaraman B. Oxidative stress-induced iron signaling is responsible for peroxide-
dependent oxidation of dichlorodihydrofluorescein in endothelial cells: role of transferrin 
receptor-dependent iron uptake in apoptosis. Circ Res. 2003; 92: 56–63).  
 
Mitochondrial iron uptake can also be upregulated by H2O2 (Dhanasekaran A, 
Kotamraju S, Kalivendi SV, Matsunaga T, Shang T, Keszler A, Joseph J, Kalyanaraman 
B. Supplementation of endothelial cells with mitochondria-targeted antioxidants inhibit 
peroxide-induced mitochondrial iron uptake, oxidative damage, and apoptosis. J Biol 
Chem. 2004; 279: 37575–37587).  
 
Thirdly, in vascular smooth muscle and fibroblasts, NAD(P)H oxidase–
derived H2O2 is capable of feed-forwardly activating NAD(P)H oxidase 
itself (Li WG, Miller FJ Jr, Zhang HJ, Spitz DR, Oberley LW, Weintraub NL. 
H(2)O(2)-induced O(2) production by a non-phagocytic NAD(P)H oxidase causes 
oxidant injury. J Biol Chem. 2001; 276: 29251–29256). I believe that this is one 
example of EMOD self-regulation, which I had previously predicted would be the 
case.   
 
In endothelial cells, H2O2 was recently found capable of upregulating 
p22phox expression (Djordjevic T, Pogrebniak A, BelAiba RS, Bonello S, Wotzlaw C, 
Acker H, Hess J, Gorlach A. The expression of the NADPH oxidase subunit p22phox is 
regulated by a redox-sensitive pathway in endothelial cells. Free Radic Biol Med. 2005; 
38: 616–630). 
 
Likewise, McNally et al recently showed that in endothelial cells, oscillatory shear 
stress activation of NAD(P)H oxidases lies upstream of xanthine oxidase–dependent 
production of H2O2.( McNally JS, Davis ME, Giddens DP, Saha A, Hwang J, Dikalov S, 
Jo H, Harrison DG. Role of xanthine oxidoreductase and NAD(P)H oxidase in 
endothelial superoxide production in response to oscillatory shear stress. Am J Physiol 
Heart Circ Physiol. 2003; 285: H2290–H2297).  
 
Last but not least; endothelial NAD(P)H oxidase–derived H2O2 mediates agonists-
provoked tetrahydrobiopterin deficiency to induce eNOS uncoupling (Chalupsky K, 
Nguyen A, Cai H. Endothelial dihydrofolate reductase: critical for tetrahydrobiopterin-
NO bioavailability and role in angiotensin II uncoupling of eNOS. Proc Natl Acad Sci U 
S A. In press).  
 



This seems consistent with earlier findings that uncoupled eNOS lies downstream of 
vascular NAD(P)H oxidases in hypertension, and likely also, in diabetes (Hink U, Li 
H, Mollnau H, Oelze M, Matheis E, Hartmann M, Skatchkov M, Thaiss F, Stahl RA, 
Warnholtz A, Meinertz T, Griendling K, Harrison DG, Forstermann U, Munzel T. 
Mechanisms underlying endothelial dysfunction in diabetes mellitus. Circ Res. 2001; 88: 
E14–E22) (Landmesser U, Dikalov S, Price SR, McCann L, Fukai T, Holland SM, Mitch 
WE, Harrison DG. Oxidation of tetrahydrobiopterin leads to uncoupling of endothelial 
cell nitric oxide synthase in hypertension. J Clin Invest. 2003; 111: 1201–1209).  
 

Thus H2O2, originated by vascular NAD(P)H oxidases, propagates its own 
production via enhanced intracellular iron uptake, and sources of mitochondria, 
NAD(P)H oxidases, xanthine oxidase, and uncoupled eNOS. These feed-forward 
mechanisms form a vicious circle to amplify and sustain H2O2 production in large 
quantities, contributing to pathological signaling. I believe that these are mechanisms to 
assure adequate levels of peroxide production and that they are NOT vicious or 
pernicious cycles. 

Activation of vascular NAD(P)H oxidases is rate-limiting in H2O2 amplification of its 
own production.  Molecular activation of NAD(P)H oxidases in vascular smooth muscle 
has been elegantly reviewed.  In endothelial cells, though much to be learned, p47phox is 
confirmed to be critical in modulating enzymatic activity by interacting with catalytic unit 
gp91phox (Nox2, Nox for NAD(P)H oxidases, representing a family of novel NAD(P)H 
oxidases).  Studies using deficient mice or inhibitory peptide (gp91ds-tat) targeting Nox2 
have established an essential role of Nox2 in producing reactive oxygen species in 
endothelial cells. Functions of other newly identified gp91phox homologues (Nox1, Nox4 
and Nox5), however, remain obscure but are under intensive investigation. In addition, 
VEGF receptor–dependent activation of Nox1 was angiogenic, responsible for tube 
formation of endothelial cells. The observations that Nox1 mediates growth signaling 

whereas Nox4 is growth suppressive in endothelial cells seems similar to what has been 
observed in vascular smooth muscle.  It is puzzling why the same reactive 
oxygen species–producing Nox proteins mediate different cellular 
responses.  

Novel homologues of Nox-regulating proteins p47phox and gp67phox have been identified 
in epithelial cells (p41phox and p51phox, respectively), serving as potent positive regulators 
for Nox1.  Duox1 and Duox2 are longer Nox proteins with peroxidase tails,  which have 
been shown to produce H2O2 in epithelial cells.  These proteins are studied for their 
presence and function in endothelium and vascular smooth muscle. Besides Nox, p22phox 

presents the only other membrane component of the vascular NAD(P)H oxidases. 
Overexpression of p22phox led to upregulation of Nox1 and Nox4 in vivo, likely via 
stabilization of proteins. Recent studies have elegantly characterized physical interactions 
between Nox (Nox1 and Nox4) and p22phox, and the functional, physiological 

consequences of these interactions regarding O2
·– production in vascular smooth muscle.  

Whether similar interactions occur in endothelial cells remains to be elucidated. 
Nonetheless, it was recently found that p22phox expression correlates well with expression 
of Nox4 in human arteries and that of Nox2 in veins.  



In summary, recent studies may have established a critical role of H O  in the 
development of vascular disease, in particular atherogenesis. Uniquely, vascular 
NAD(P)H oxidase–derived H O  self-propagates via enhanced intracellular iron 
uptake, mitochondrion, vascular NAD(P)H oxidases, xanthine oxidase, and 
uncoupled eNOS. This phenomenon (theoretically) likely prolongs H O -mediated
pathological signaling, thus contributing to vascular disease development. Initial 
activation of vascular NAD(P)H oxidases serves as the rate-limiting step for H O  
amplification of redox signals. 
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2.2.2   2X H2O2 does not cause hypertension or vasoconstriction 

Weber et al. and Laude et al. report their studies of transgenic mice overexpressing 

p22phox. These mice have a twofold increased vascular expression of 
p22phox and H2O , accompanied by increased NOX-1. Yet,2

 despite this, the blood 
pressure and endothelium-dependent relaxation responses are intact. 
(Weber DS, Rocic P, Mellis AM, Laude KM, Lyle A, Harrison DG, and Griendling KK. 
Angiotensin II-induced hypertrophy is potentiated in mice overexpressing p22phox in 
vascular smooth muscle. Am J Physiol Heart Circ Physiol 288: H37–H42, 2005) (Laude 
KM, Cai H, Fink B, Hoch N, Weber DS, McCann L, Kojda G, Fukai T, Dikalov S, 
Ramasamy S, Gamez G, Griendling KK, and Harrison DG. Hemodynamic and 
biochemical adaptations to vaxcular smooth muscle overexpression of p22phox in mice. 
Am J Physiol Heart Circ Physiol 288: H7–H12, 2005). I believe that this shows that 
high levels of an EMOD, peroxide, does not directly cause hypertension and 
vasoconstriction. 

Antibiotic Properties of Honey, Hydrogen Peroxide and Manuka Honey  
An interesting story concerning particular honeys in New Zealand is beginning to 
surface. According to the August issue, 1992 of the National Beekeepers' Association 
newsletter, Buzzwords, a Dr. Peter Molan of Waikato University recently summarized his 
work on the medicinal properties of honey.  

Dr. Molan has gathered together the known medical research on honey and has found that 
it is used in many countries in the treatment of burns, blisters, bed sores and major 
wounds. Honey has long been used as a wound dressing, and according to Dr. Molan, it is 
probably the perfect substance for such a use. Not only is it antibiotic (killing almost all 
bacteria), it also keeps the wound from dehydrating. Almost all other wound dressings 
either keep the wound dry (avoiding infection, but leading to scarring), or moist 
(avoiding the severe effects of dehydration, but making a great medium for bacteria to 
grow).  

Honey is also better than man-made antibiotics, Dr. Molan contends, because such 
antibiotics actually slow down the rate of cell growth. The moisture-attracting nature of 
honey, on the other hand, actually pulls body fluids and nutrients to the wound surface 
where they help speed skin growth and healing.  



According to Dr. Molan, honey has everything going for it except the acceptance of the 
medical fraternity. But the recent discoveries about a second antibiotic substance in 
manuka honey may help change that. All honey gives off hydrogen peroxide, a 
known antibiotic. The hydrogen peroxide is produced when the glucose 
in honey reacts with oxygen in a glucose oxidase reaction. The problem with 
hydrogen peroxide as an antibiotic, however, is that in large concentrations it breaks 
down in the presence of a common enzyme (catalase), producing the characteristic fizz 
we see when we put it on a cut. Because it is produced slowly in honey, at a low level, 
the hydrogen peroxide doesn't loose it's effectiveness. Provided honey is kept away from 
light, the enzyme which breaks down the hydrogen peroxide won't even activate. 

Manuka honey has also been shown to be effective against Helicobater pylori, which is 
now thought to be the major cause of stomach ulcers. A large number of patients will be 
given one tablespoon of bioactive manuka or another honey before meal times, five times 
a day. (APIS University of Florida. Volume 10, Number 10, October 1992). 

2.2.3   Honey's healing secret (H2O2)  

Researcher, Shona Blair from the University of Sydney has found that, when diluted 
honey is applied to a moist wound, it produces hydrogen peroxide, a known anti-
bacterial agent. The research has also revealed that honey is powerful even against 
drug-resistant hospital killer golden staph Staphylococcus aureus. 
 
Ms Blair said hydrogen peroxide is produced when the enzyme glucose oxidase 
(produced by bees) reacts with water in the wound and glucose in the honey. "It's like 
bleach, she said. "If you put bleach on your skin it would burn you, but this is at such a 
low concentration it doesn't harm the skin."  Ms Blair found that honey diluted to one 
per cent inhibited the growth of S. aureau for about three hours. Stronger solutions 
of honey at two per cent and three per cent inhibited growth for five hours and 10 
hours respectively. 
 
"There was no moisture or pus out of the wound," she said. 
 
Another reason for honey's antibacterial properties is its high sugar content. Honey left in 
the cupboard never goes bad, partly because bacteria need moisture to grow. Honey has 
so many sugar molecules that any available water molecules become bound to them, and 
aren't available for bacteria to use. 
 
Honey is still used in Africa, India and the Middle East, and the Greek philosopher 
Aristotle often prescribed different types of honey for different ailments. 
 
Honey was known to have powerful wound-healing properties in ancient times, but its 
properties appear to have been forgotten. (ABC News.net 2-08-2000). 

 

http://abc.net.au/rn/science/ss/stories/s10411.htm


2.3.0   Diabetes Increases CABG Complications 

Diabetes is associated with increased risk for complications following coronary bypass 
grafting (CABG) surgery. Augmented superoxide production plays an important role in 
diabetic complications by causing vascular dysfunction. The potent vasoconstrictor 
endothelin-1 (ET-1) is also elevated in diabetes and following CABG; however, the effect 
of ET-1 on superoxide generation and/or vascular dysfunction in bypass conduits remain 
unknown. Accordingly, this study investigated basal and ET-1-stimulated superoxide 
production in bypass conduits and determined the effect of superoxide on conduit 
reactivity. Saphenous vein specimens were obtained from nondiabetic (n = 24) and 
diabetic (n = 24) patients undergoing CABG. Dihydroethidium staining and NAD(P)H 
oxidase activity assays demonstrated increased basal superoxide levels in the diabetes 
group. Plasma ET-1 levels were associated with elevated basal superoxide levels, and 
treatment of conduits with exogenous ET-1 further increased superoxide production and 
augmented vasoconstriction. Furthermore, vascular relaxation was impaired in the 
diabetic group (75 versus 40%), which was restored by superoxide scavenger superoxide 
dismutase. (RMH Note:  I believe that this is due to the SOD production of H2O2, which 
is a vasodilating agent.). These findings suggest that ET-1 causes bypass conduits 
dysfunction via stimulation of superoxide production in diabetes. Novel therapies that 
attenuate superoxide generation in bypass conduits may improve acute and late outcome 
of CABG in diabetic patients (Dysfunction of Venous Bypass Conduits Is Mediated by 
Reactive Oxygen Species in Diabetes: Role of Endothelin-1. Adviye Ergul et al. J. 
Pharmacol. Exp. Ther., April 1, 2005; 313(1): 70 - 77). 

 
2.3.1   Diabetes increases restenosis after stent implantation 
 
Schaan evaluated the influence of diabetes mellitus (DM) on clinical outcomes in 
patients with coronary artery disease treated with stent implantation. Between 1996 
and 2000, 934 stents were implanted in 893 patients in our institution; 23% of them had 
DM. Clinical and angiographic characteristics and clinical outcomes of the patients with 
and without DM were prospectively included in a computerized database. Diabetics were 
older and had a higher prevalence of hypertension. The procedural clinical success rate 
(successful coronary stenting with residual stenosis < 30%, TIMI 3 flow and no in-
hospital adverse clinical event) was lower in the diabetic group. In the 1-year follow up, 
diabetic patients showed higher rates of new target vessel revascularization, death 
and major adverse cardiovascular events (MACE, new angioplasty, surgery, acute 
myocardial infarction or death. Diabetes was independently associated to 1-year 
MACE on multivariate analysis. Schaan concluded that DM is associated with higher 
complication and restenosis rates and a higher risk of long-term major 
cardiovascular events in patients treated with coronary stent implantation (Diabetes 
and coronary stent implantation: experience from a reference center in interventional 
cardiology.] [Article in Portuguese] Schaan BD, Quadros A, Sarmento-Leite R, 
Gottschall CA. Arq Bras Endocrinol Metabol. 2006 Feb;50(1):38-45). I believe that this 
indicates that an endothelial abnormality is associated with decreased EMOD 
generation and CVD in diabetes. 
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2.3.2   H2O2 increases coronary blood flow 
 
Hydrogen peroxide (H2O2) is a proposed endothelium-derived 
hyperpolarizing factor and metabolic vasodilator of the coronary 
circulation; however, mechanisms of H2O2 action on vascular smooth muscle remain 
unclear. Because 4-aminopyridine (4-AP) sensitive KV channels reportedly contain redox 
sensitive thiol groups, which are likely targets for H2O2, Rogers reasoned these K(+) 
channels may mediate dilation to this reactive oxygen species. Rogers also established 
that H2O2 produced dilation via thiol oxidation with the thiol reductant 
dithiothreitol. Infusing H2O2 into the left anterior descending artery of 
anesthetized dogs increased coronary blood flow in a dose-dependent 
manner. H2O2 relaxed left circumflex rings contracted with 1 microM U46619, a 
thromboxane A2 mimetic, and dilated coronary arterioles pressurized to 60 cm H2O. 
Denuding the endothelium of coronary arteries and arterioles as well as addition of the 
cyclooxygenase inhibitor, indomethacin, did not affect the ability of H2O2 to cause 
vasodilation, suggesting a direct smooth muscle mechanism. Arterial and arteriolar 
relaxation by H2O2 was reversed by 1 mM dithiothreitol, a thiol reductant. H2O2-
induced relaxation was abolished in rings contracted with 60 mM K(+), and by 10 mM 
TEA and 3 mM 4-AP. Dilation of arterioles by H2O2 was antagonized by 0.3 mM 4-AP, 
an inhibitor of voltage-dependent K(+) channels, but not 100 nM iberiotoxin, an inhibitor 
of Ca(2+)-activated K(+) channels. H2O2-induced increases in coronary blood flow were 
abolished by 3 mM 4-AP. Their data indicate H2O2 increases coronary blood 
flow by acting directly on vascular smooth muscle. Further, we suggest 4-AP-
sensitive K(+) channels, or proteins that regulate them, serve as redox-sensitive elements 
controlling coronary blood flow (H2O2-induced redox sensitive coronary vasodilation is 
mediated by 4-aminopyridine-sensitive K+ channels. Rogers PA, Dick GM, Knudson JD, 
Focardi M, Bratz IN, Swafford Jr AN, Saitoh S, Tune JD, Chilian WM. Am J Physiol 
Heart Circ Physiol. 2006 Jun 2; [Epub ahead of print]). I believe that this is a most 
important paper in that a reductant blocks the vasodilating effect of H2O2 and its 
implications in coronary artery disease.  Reductants could theoretically cause 
vasoconstriction and exacerbate ischemia and possibly myocardial infarction. 

Oxidative stress may be involved in the development of vascular complications 
associated with diabetes; however, the molecular mechanism responsible for 
increased production of free radicals in diabetes remains uncertain. Therefore, we 
examined whether acute hyperinsulinemia increases the production of free radicals and 
whether this condition affects proliferative extracellular signal-regulated kinase (ERK-1 
and -2) signaling in human fibroblasts in vitro. Insulin treatment significantly increased 
intracellular superoxide anion (O2

–) production, an effect completely abolished by Tiron, 
a cell-permeable superoxide dismutase (SOD) mimetic and by polyethylene glycol 
(PEG)-SOD, but not by PEG catalase. Furthermore, insulin-induced O2

– production was 
attenuated by the NAD(P)H inhibitor apocynin, but not by rotenone or oxypurinol. 
Inhibition of the phosphatidylinositol 3'-kinase (PI 3'-kinase) pathway with LY294002 
blocked insulin-stimulated O2

– production, suggesting a direct involvement of PI 3'-kinase 
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in the activation of NAD(P)H oxidase. The insulin-induced free radical production led to 
membranous translocation of p47phox and markedly enhanced ERK-1 and -2 activation 
in human fibroblasts. In conclusion, these findings provided direct evidence that 

elevated insulin levels generate O2
– by an NAD(P)H-dependent mechanism that 

involves the activation of PI 3'-kinase and stimulates ERK-1- and ERK-2-dependent 
pathways. This effect of insulin may contribute to the pathogenesis and progression of 
cardiovascular disease in the insulin resistance syndrome (Insulin Generates Free 
Radicals by an NAD(P)H, Phosphatidylinositol 3'-Kinase-Dependent Mechanism in 
Human Skin Fibroblasts Ex Vivo. Giulio Ceolotto et al. Diabetes 53:1344-1351, 2004).   
 
2.3.3   Troglitazone and H2O2 overproduction 
 
Troglitazone has been withdrawn from therapeutic options for diabetes mellitus 
because of its severe hepatocyte toxicity of unknown pathogenesis. The aim of this 
study was to assess both morphologic and functional alterations in the mitochondria of 
troglitazone-treated hepatocytes A significant increase in the mitochondrial volume of the 
troglitazone-treated cells was found by the NAO analysis, in comparison with 
pioglitazone-treated and ciglitazone-treated cells. The increase in volume was due to a 
marked enlargement in the mitochondria. The troglitazone-treated cells showed a 
significant decline in the DeltaPsi(m) per unit mitochondrial volume but resulted in no 
clear cell death. ROS analysis revealed a significant production of hydrogen 
peroxide in the troglitazone-treated hepatocytes. This production was 
attenuated using an antioxidant, N-acetyl-L-cysteine. In conclusion, troglitazone caused 
overproduction of hydrogen peroxide, which deteriorated both mitochondrial membrane 
structures and mitochondrial function, leading to a possible priming for the severe 
hepatocyte toxicity. (Hydrogen peroxide overproduction in megamitochondria of 
troglitazone-treated human hepatocytes. S. Shishido et al. Hepatology. 2003 
Jan;37(1):136-47).  I believe that the anti-diabetic activity of this drug was due to its 
increased peroxide production.  Please see my book on EMODS and diabetes. 
 
I believe that this needs to be contrasted with the following data showing the 
antioxidant activity of troglitazone. 
 
2.3.4   Troglitazone is an antioxidant 
 
Troglitazone (CS-045), a newly developed antidiabetic thiazolidinedione that 
enhances insulin sensitivity, is similar in structure to several antioxidants, including 
alpha-tocopherol and probucol. The in vitro antioxidant activity of troglitazone has 
been demonstrated in alloxan-induced hyperlipoperoxidemic and hyperlipidemic mice. In 
this study, we found that troglitazone had a scavenging effect on reactive oxygen 
produced by xanthine-xanthine oxidase and generated by stimulated neutrophils and 
tends to be the radical form. Our results suggest that troglitazone is an antioxidant similar 
to alpha-tocopherol. However, under the same conditions, pioglitazone, another 
thiazolidinedione drug, did not have a scavenging effect. The antioxidant action of 
troglitazone, which is attributable to the similarity of its molecular structure to that of 
alpha-tocopherol, may be of benefit in preventing diabetic vascular complications, in 



addition to having hypoglycemic and hypolipidemic effects (Troglitazone has a 
scavenging effect on reactive oxygen species. I. Inoue et al. Biochem Biophys Res 
Commun. 1997 Jun 9;235(1):113-6).  If it increases EMODs in hepatocytes, it is a 
prooxidant.  

2.4.0   Oxidized low density lipoprotein (Ox-LDL) 

Oxidized low density lipoprotein (Ox-LDL) has a plethora of components that are 
not present in native LDL. Their presence and quantity depends on the nature, type, and 
extent of oxidation. Lipids esterified to oxidized fatty acids are the major components 

formed during the early phase of oxidation and these show a number of proatherogenic 
properties in in vitro cell culture systems. Recently, evidence has been forthcoming to 
suggest that some of these oxidized lipids also could elicit "antioxidant;–
antiatherogenic" responses from cells. Moreover, some of the cellular effects of Ox-
LDL that were previously interpreted as atherogenic could also be reinterpreted to 
suggest an antiatherogenic cellular response. In addition to the above, the antioxidants 
that are carried in lipoproteins could have anomalous behavior attributable to their 
metabolism, ability to be internalized by arterial cells, and the presence of oxidative 
systems that could render them prooxidants. In conclusion, there are numerous 
contributing factors that need to be studied and understood before antioxidant 
therapy becomes an option for the treatment for cardiovascular diseases. 
(Parthasarathy, S., N. Santanam, S. Ramachandran, and O. Meilhac. Oxidants and 

antioxidants in atherogenesis: an appraisal. J. Lipid Res. 1999. 40: 2143;–2157).  

Some studies showed either a similar or even a decreased oxidizability of LDLs 
isolated from diabetic patients (Gugliucci A, Menini T, Stahl AJC. Susceptibility to 
copper-enhanced autoxidation of VLDL+LDL fractions from diabetic patients. Biochem 
Mol Biol Int, 1994, 32, 139-147) (Jenkins AJ, Klein RL, Chassereau CN, Hermayer KL, 
Lopes-Virella MF. LDL from patients with well-controlled IDDM is not more susceptible 
to in vitro oxidation. Diabetes, 1996, 45, 762-767) (Taus M, Ferretti G, Curatola G, 
Dousset N, Solera ML, Valdiguié P. Lower susceptibility of low density lipoprotein to 
in vitro oxidation in diabetic patients. Biochem Int, 1992, 28, 835-842). 

2.4.0   EMODs not increased in never-treated mild-to-moderate hypertension 
 
In never-treated mild-to-moderate hypertension, lipid peroxidation and 
oxidative stress are not increased (Cracowski JL, Baguet JP, Ormezzano O, 
Bessard J, Stanke-Labesque F, Bessard G, Mallion JM. Lipid peroxidation is not 
increased in patients with untreated mild-to-moderate hypertension. Hypertension. 2003; 
41: 286–288).  
 
Weber et al. and Laude et al. report their studies of transgenic mice overexpressing 

p22phox. (Laude KM, Cai H, Fink B, Hoch N, Weber DS, McCann L, Kojda G, Fukai T, 
Dikalov S, Ramasamy S, Gamez G, Griendling KK, and Harrison DG. Hemodynamic 
and biochemical adaptations to vascular smooth muscle overexpression of p22phox in 
mice. Am J Physiol Heart Circ Physiol 288: H7–H12, 2005) (Weber DS, Rocic P, Mellis 



AM, Laude KM, Lyle A, Harrison DG, and Griendling KK. Angiotensin II-induced 
hypertrophy is potentiated in mice overexpressing p22phox in vascular smooth muscle. Am 
J Physiol Heart Circ Physiol 288: H37–H42, 2005).These mice have a twofold 
increased vascular expression of p22phox and H2O2, accompanied by increased NOX-
1. Yet, despite this, the blood pressure and endothelium-dependent 
relaxation responses are intact. I believe that this discounts the idea that 
EMODs introduce or produce pathophysiologies in the intact endothelium. 

The excess relative risk of CHD mortality in women vs men with diabetes was 
absent after adjusting for classic CHD risk factors, but men had more CHD deaths 
attributable to diabetes than women (Explaining the Sex Difference in Coronary Heart 
Disease Mortality Among Patients With Type 2 Diabetes Mellitus. A Meta-analysis.Alka 
M. Kanaya, MD; Deborah Grady, MD, MPH; Elizabeth Barrett-Connor, MD. Arch Intern 
Med. 2002;162:1737-1745). 

Large studies, such as Heart Outcomes Prevention Evaluation, which 
used 400 IU/d vitamin E, did not find any benefit in microvascular or 
cardiovascular events in >3000 patients with diabetes and after several 

years (Gerstein HC, Bosch J, Pogue J, Taylor DW, Zinman B, Yusuf S: Rationale and 
design of a large study to evaluate the renal and cardiovascular effects of an ACE 
inhibitor and vitamin E in high-risk patients with diabetes. The MICRO-HOPE Study. 
Microalbuminuria, cardiovascular, and renal outcomes. Heart Outcomes Prevention 
Evaluation. Diabetes Care 19: 1225–1228, 1996). 

The daily administration of 400 IU vitamin E for an average of 4.5 years 
to middle-aged and elderly people with diabetes and CV disease and/or 
additional coronary risk factor(s) has no effect on CV outcomes or 
nephropathy (Effects of Vitamin E on Cardiovascular and Microvascular Outcomes in 
High-Risk Patients With Diabetes. Results of the HOPE Study and MICRO-HOPE 
Substudy. Eva Lonn et al. Diabetes Care 25:1919-1927, 2002).  

 
2.5.0   Vitamin E reviewed in humans and animals show failed studies 

Some of the following was abstracted, excerpted or modified from:  Vitamin E and its 
Role in the Prevention of Atherosclerosis and Carcinogenesis: A Review. Anand Dutta, 
BSc and Sudhir K. Dutta, MD. Journal of the American College of Nutrition, Vol. 22, 
No. 4, 258-268 (2003). 

Key points  

• Vitamin E is a fat soluble vitamin which is absorbed from the human small intestine 
(enterocyte) after solubilization in bile salt micelles.  

• In human diets, -tocopherol is the principal form of vitamin E, while -tocopherol is 
the primary form in vitamin E supplements. -tocopherol helps protect cell membranes 



from the lipid peroxidation by trapping peroxyl radicals and is regenerated by an electron 
donor like vitamin C.  

• Vitamin E is available in abundance in common nuts and seeds such as almonds, 
peanuts, sunflower seeds, filbert and vegetable oils. Currently, the RDA of vitamin E for 
an average size person is 15 mg -tocopherol per day.  

• Vitamin E is transported in plasma with lipoproteins in the plasma (i.e., HDL and LDL) 
and protects against free radical peroxidation of the carrier protein.  

• Protective action of vitamin E against atherosclerosis (i.e., coronary and carotid artery 
disease) is most likely related to its preventive action against lipid peroxidation. The 
ability of vitamin E to induce apoptosis in tumor cells and modulate oncogenes may be 
essential for its anticarcinogenic effect.  

• While a large body of cellular, animal and epidemiological studies has demonstrated 
effectiveness of vitamin E in reducing the progression of atherosclerosis and reducing 
frequency of certain cancers, the results of large scale clinical trials with vitamin E have 
failed to show its beneficial effect in a consistent manner.  

Vitamin E’s function as an antioxidant is dependent upon its ability to break 
radical-propagated chain reactions. As a result, the formation of the tocopheroxyl 
radical, the odd-electron derivative of vitamin E, is an inherent part of any vitamin E 
based, antioxidative reaction. As the principle, lipid-soluble antioxidant in biological 
membranes, -tocopherol reacts with many oxidant molecules. In turn, -tocopherol helps 
protect cell membranes from lipid peroxidation by trapping peroxyl radicals. It involves 
the abstraction of a hydrogen atom from the OH group of the tocopherol by a peroxyl 
(oxidant) molecule. Upon the formation of the tocopheroxyl radical from a reaction 

between -tocopherol and an oxidant molecule, -Toc• is now free to interact with 
another peroxyl radical [ -Toc• + LOO• LOO-Toc]. The reaction [LOO• + -TocH 
LOOH + -Toc•] produces a stable tocopheroxyl radical, which does not propagate 
radical chains and lipid hydroperoxides. Since the rate constant for this reaction is several 
orders of magnitude greater than the reaction for peroxyl radical propagation, -
tocopherol is able to efficiently protect cellular membranes at levels as low as 1 -
tocopherol per 1000 phospholipids. Furthermore, -tocopherol can be regenerated from 
the tocopheroxyl radical by an electron donor, like ascorbic acid, and is thereby able to 
maintain cellular antioxidant protection over a period of time. Thus, vitamin C (AsH2), a 
weak antioxidant by itself, can enhance the antioxidant activity of vitamin E by 
regenerating the protonated -tocopherol from the -tocopheroxyl radical [AsH2

 + -Toc• 
AsH• + -TocH]. In fact, this synergistic reaction between vitamin C and -tocopherol 

has led researchers to investigate the possibility of enhancing vitamin E antioxidant 

function by incorporating the use of vitamin C. It has been well documented that at 
high concentrations -tocopherol can act as a prooxidant during the autooxidation of 
polyunsaturated fatty acids. 
 
2.5.1   Vitamin E has poor human anti-atherosclerosis activity 



 
LDL has also been shown to deliver vitamin E to fibroblast tissue cultures via a high-
affinity receptor mediated pathway. -tocopherol has been detected in human CSF at a 
concentration of 29.2 ± 9.5 nmol/L. Both in vitro and in vivo studies have demonstrated 
that -tocopherol inhibits LDL oxidation and decreases the release of reactive oxygen 
species (Deveraj S, Li D, Jialal I: The effect of alpha-tocopherol supplementation on 
monocyte function: decreased lipid oxidation, interleukin-1ß secretion and monocyte 
adhesion to endothelium. J Clin Investig98 :756 –763,1996). 
 
In cell and molecular studies, it has been consistently reported that the oxidant-quenching 
action of vitamin E provides its beneficial effect by protecting cells from peroxyl radical 
induced oxidative damage.  
 

Paradoxically, it is noteworthy that several clinical studies have failed to demonstrate 
antiatherogenic effects of vitamin E. In a study by Terentis et al. [26], the concentrations 
of oxidized lipids, -tocopherol, and its oxidation products (i.e., -tocopherylquinone 

(TQ), 5,6-epoxy- -tocopherylquinone (TQE1) and 2,3-epoxy- -tocopherylquinone 

(TQE2)) were measured in human atherosclerotic lesions by gas chromotography-mass 
spectrometry analysis. While oxidized lipid content increased with increasing disease 
severity, it was noted that TQ, the major oxidation product independent of disease 

stage, represented less than 20% of the total -tocopherol compounds measured. 
Furthermore, the relative extent of -tocopherol oxidation was maximal in early stage 
carotid lesions where it exceeded lipid oxidation. These results indicate that lipid 
oxidation can increase substantially throughout the course of disease, whereas the extent 
of arterial wall -tocopherol oxidation remains limited. It seems that in human 
atherosclerotic lesions most of the endogenous -tocopherol remains intact and only 
a limited amount of antioxidant activity is detected early in the atherogenic process. 
These data seem to suggest that vitamin E supplementation may be of 
little benefit in preventing LDL lipid oxidation in arterial walls in 
humans. 
 
2.5.2   Antioxidants C, E and beta carotene for 3 yrs. does not prevent gastric cancer 
 
Gastric cancer is one of the most common malignancies worldwide. Histopathologic 
studies have identified a sequence of changes in the gastric mucosa that mark the slow 
progression from normal tissue to carcinoma. Epidemiologic evidence suggests that a diet 
rich in fresh fruit and vegetables could be a protective factor against this disease. This 
effect may be mediated through antioxidant vitamins. METHODS: A randomized, 
double-blind chemoprevention trial was conducted among 1980 subjects in Tachira 
State, Venezuela (whose population is at high risk for gastric cancer), to determine the 
effect of dietary supplementation with vitamin C, vitamin E, and beta-carotene on the 
progression and regression of precancerous gastric lesions. Subjects were randomly 
assigned to receive either a combination of vitamin C (750 mg/day), vitamin E (600 
mg/day), and beta-carotene (18 mg/day) or placebo for 3 years. Changes in the gastric 
mucosa were determined by histologic diagnosis based on five biopsies taken from 

http://www.jacn.org/cgi/content/full/22/4/258


prespecified areas of the stomach at baseline and annually for 3 years. All biopsies were 
reviewed by a single expert pathologist. Progression rates (and regression rates) were 
calculated by comparing the first and last available gastroscopies for each subject and 
dividing the number of subjects whose diagnoses increased (decreased) in severity by the 
total follow-up time. Overall rate ratios were calculated by Poisson regression, 
controlling for baseline diagnosis. All statistical tests were two-sided. RESULTS: Median 
plasma vitamin levels were increased in the treatment group between baseline and 1 year 
after randomization from 0.43 micromol/L (interquartile range [IQR] = 0.26-0.69) to 2.89 
micromol/L (IQR = 1.76-4.22) for beta-carotene, from 26.7 micromol/L (IQR = 23.1-
31.2) to 54.9 micromol/L (IQR = 42.8-67.6) for alpha-tocopherol, and from 47.70 
micromol/L (IQR = 36.9-58.5) to 61.9 micromol/L (IQR = 52.2-72.7) for vitamin C. 
Overall progression rates per 100 person-years were 74.3 in the placebo group and 67.8 
in the group randomly assigned to vitamins. Overall regression rates were 109.4 in the 
placebo group and 116.5 in the group randomly assigned to vitamins. There was no 
statistically significant difference in progression rate (rate ratio = 0.92, 95% confidence 
interval [CI] = 0.74 to 1.15) or regression rate (rate ratio = 1.09, 95% CI = 0.90 to 1.33) 
between vitamin and placebo groups. CONCLUSION: Supplementation with antioxidant 
micronutrients is not an effective tool for gastric cancer control in this high-risk 
population. The results of this trial are consistent with previous findings 
on the lack of effect of nutritional supplementation on precancerous 
gastric lesions 
(Chemoprevention of precancerous gastric lesions with antioxidant vitamin 
supplementation: a randomized trial in a high-risk population. M.Plummer et al. J Natl 
Cancer Inst. 2007 Jan 17;99(2):137-46).   
 
2.5.3   Neither garlic, vitamin C, E nor selenium prevented gastric cancer 
 
Randomized trials have yielded mixed results on the effects of treatment for Helicobacter 
pylori and little information on the effects of vitamins or garlic supplements on 
precancerous gastric lesions. We conducted a randomized trial to test the effects of one-
time H. pylori treatment and long-term vitamin or garlic supplements in reducing the 
prevalence of advanced precancerous gastric lesions. METHODS: Most of the adults 
aged 35-64 years in 13 randomly selected villages in Linqu County, Shandong Province, 
China, were identified and given baseline endoscopies in 1994. In 1995, 3365 eligible 
subjects were randomly assigned in a factorial design to three interventions or placebos: 
amoxicillin and omeprazole for 2 weeks in 1995 (H. pylori treatment); vitamin C, 
vitamin E, and selenium for 7.3 years (vitamin supplement); and aged garlic extract 
and steam-distilled garlic oil for 7.3 years (garlic supplement). Subjects underwent 
endoscopies with biopsies in 1999 and 2003, and the prevalence of precancerous gastric 
lesions was determined by histopathologic examination of seven standard biopsy sites. 
The 3365 eligible randomized subjects represented 93.5% of those with baseline 
endoscopy and included all baseline histologic categories except gastric cancer. Only 
0.18% had normal gastric mucosa. Logistic regression was used to estimate the 
intervention effects on the odds of advanced precancerous gastric lesions, and t-tests were 
used to assess effects on histologic severity. All statistical tests were two-sided. 
RESULTS: H. pylori treatment resulted in statistically significant decreases in the 



combined prevalence of severe chronic atrophic gastritis, intestinal metaplasia, dysplasia, 
or gastric cancer in 1999 (odds ratio [OR] = 0.77; 95% confidence interval [CI] = 0.62 to 
0.95) and in 2003 (OR = 0.60; 95% CI = 0.47 to 0.75), and had favorable effects on the 
average histopathologic severity and on progression and regression of precancerous 
gastric lesions in 2003. H. pylori treatment did not reduce the combined prevalence of 
dysplasia or gastric cancer. However, fewer subjects receiving H. pylori treatment 
(19/1130; 1.7%) than receiving placebo (27/1128; 2.4%) developed gastric cancer 
(adjusted P = .14). No statistically significant favorable effects were seen for garlic or 
vitamin supplements. CONCLUSION: H. pylori treatment reduces the prevalence of 
precancerous gastric lesions and may reduce gastric cancer incidence, but further data are 
needed to prove the latter point. Long-term vitamin or garlic supplementation 
had no beneficial effects on the prevalence of precancerous gastric 
lesions or on gastric cancer incidence (Randomized double-blind factorial trial 
of three treatments to reduce the prevalence of precancerous gastric lesions. W.C. You et 
al. J Natl Cancer Inst. 2006 Jul 19;98(14):974-83) 
 
2.5.4   Vitamin E has poor anticarcinogenic activity 
 
One of the most promising anticarcinogenic properties of vitamin E is its ability to 
induce apoptosis in tumor cells. In a study by Turley et al., it was shown that vitamin E 
succinate induced apoptosis of human B lymphoma cells in culture. Additional studies 
have revealed that vitamin E succinate induces apoptosis in a wide range of isolated, 
cultured tumor cells derived from cancers originating in breast, cervical, endometrial, 
colon, prostate and lymphoid tissue. These malignancies account for over 90% of all 
human malignancies. 
 
In a study by Neuzil et al., it was found that -tocopheryl succinate can induce apoptosis 
in hematopoietic and other cancer cell lines by inhibiting protein kinase C (PKC) activity. 
PKC activity inhibits apoptosis through several mechanisms, which include: a.) the 
modulation of Fas ligand expression, b.) promotion of phosphorylation, c.) enhancement 
of bcl-2, an antiapoptotic protein and d.) by activating protein phosphatase 2A which 
hyperphosphorylates, and inactivates, PKC . Interestingly, however, vitamin E succinate 
does not induce apoptosis in normal human epithelial cells present in mammary and 
prostatic glands. Vitamin E has also been demonstrated to exert cytolytic activity upon a 
variety human cancer cell lines in vitro. At both 70 and 300 µM, vitamin E decreased the 
viability and proliferation of a squamous cell carcinoma tumor cell line (SK-MES), from 

lung carcinoma. Another cell line, SCC-25, derived from human oral carcinoma, also 
responded with a decrease in tumor cell proliferation in response to vitamin E exposure in 
culture medium. I believe that this sounds a lot like EMOD or prooxidant activity. 

Studies in animal models have demonstrated a strong inverse relation between the intake 
of antioxidants and the incidence of atherosclerosis and cancer. Important studies in 
animals seem to suggest a potential antiatherogenic and anticarcinogenic effect of vitamin 
E in humans. However, the results in humans have primarily failed to do so. 
 



Contrary to the two studies demonstrating the beneficial effects of vitamin E 
supplementation against coronary artery disease, several papers have revealed 
potential pro-oxidant and pro-atherogenic effects of -tocopherol when 
administered in certain populations and/or with certain pharmacological agents. 
Weinberg et al. (Weinberg R, VanderWerken B, Anderson R, Stegner J, Thomas M: Pro-
oxidant effect of Vitamin E in cigarette smokers consuming a high polyunsaturated fat 
diet. Arterioscler Thromb Vasc Biol21 :1029 –1033,2001) have shown that in smokers 
consuming a high polyunsaturated diet, vitamin E may function as a pro-oxidant. In 
this study, ten subjects who smoked more than one pack of cigarettes per day were fed 
either a baseline diet with olive oil as the major fat source, a diet with high-linoleic 
safflower oil as the major fat source or the safflower oil diet plus 800 IU vitamin E per 

day. LDL oxidation lag time and plasma total F2-isoprostanes were measured as 
determinants of in vivo, oxygen-derived free radical stress. While the safflower diet alone 
demonstrated an increase in plasma isoprostanes relative to the baseline diet (116 ± 11.2 
minutes vs. 53.0 ± 7.2 minutes), there was no significant change in its effect on the LDL 
oxidation lag time. In the safflower + vitamin E diet, the lag time increased relative to the 
baseline diet (79.6 ± 5.4 minutes vs. 60.4 ± 3.1 minutes), and the plasma isoprostane level 

increased markedly (188.2 ± 10.9 nmol/L vs. 53.0 ± 7.2 nmol/L) as well. These data 
suggest that under the specific conditions that exist in smokers consuming a high 
polyunsaturated fatty acid diet, vitamin E can function as a pro-oxidant in vivo. 
Moreover, these findings clearly suggest that caution should be exercised in the 
administration of vitamin E as a therapeutic means for reducing the risk of coronary 
artery disease in smokers. 

In a separate study by Cheung et al. (Cheung M, Zhao X-Q, Chait A, Albers J, Brown G: 
Antioxidant supplements block the response of HDL to simvistatin-niacin therapy in 
patients with coronary artery disease and low HDL. Arterioscler Thromb Vasc Biol21 
:1320 –1326,2001), the authors compared the effect of niacin plus simvistatin on the 
plasma levels of HDL cholesterol (HDL-C) in subjects with coronary artery disease 

(CAD) versus niacin + simvistatin + antioxidants (vitamins E and C, ß-carotene and 
selenium). Over twelve months, lipoprotein changes were studied in 153 CAD subjects 
with low HDL-C randomized to take either simvistatin + niacin (S-N), antioxidants alone, 
S-N + antioxidants (S-N + A) or placebo. Although the S-N and S-N + A groups had 
comparably significant reductions in plasma cholesterol, triglyceride and LDL-C, the 

HDL-C level was consistently higher in the S-N group than in the S-N + A group (41 ± 
11 mg/dL vs. 37 ± 6.8 mg/dL). Furthermore, the S-N group demonstrated an increase in 
apolipoprotein A-I particle size, a favorable response, that was also blunted by S-N + A 
administration. It seems, therefore, that in combination with S-N, antioxidants 
have the ability to blunt the HDL-C increasing effects of S-N alone in 
patients with coronary artery disease and low HDL. Similarly, these 
investigators have reported that, while S-N provided marked clinical and angiographically 

measurable benefits in patients with coronary disease and low HDL levels, antioxidant 
vitamins seemed to attenuate the S-N mediated regression of coronary 
artery stenosis (Brown BG, Zhao XQ, Chait A, Fisher LD, Cheung MC, Morse JS, 
Dowdy AA, Marino EK, Bolson EL, Alaupovic P, Frohlich J, Albers JJ: Simvistatin and 



niacin, antioxidant vitamins, or the combination for the prevention of coronary disease. N 
Engl J Med345 :1583 –1592,2001). Due to the study design, it is not possible to identify 
which particular antioxidant was responsible for the observed effects. However, based on 
these data, the effect of antioxidants either alone or in various combinations with 
lipid therapy is questionable and requires additional examination in humans.  

Along the same lines, two recent studies, the Italian clinical trial by the GISSI (Gruppo 
Italiano per lo Studio della Sopravvivenza nell’Infarto miocardico) (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. Lancet354 :447 –455,1999) and the 1999 Heart Outcomes 

Prevention Evaluation (HOPE) study (Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, 
Dagenais G: Effects of an angiotensin-converting-enzyme inhibitor, ramipril, on 
cardiovascular events in high-risk patients. The Heart Outcomes Prevention Evaluation 
Study Investigators. N Engl J Med342 :145 –153,2000), have also reported that vitamin 
E treatment of patients with cardiovascular disease had no significant effect on the 
frequency of primary endpoints, i.e., nonfatal myocardial infarction, stroke or death 
from these disorders. 
 
In a study by the collaborative Group of the Primary Prevention Project (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 357 :89 
–95,2001) investigating the efficacy of antiplatelets and antioxidants in the primary 
prevention of cardiovascular events, it was demonstrated that vitamin E supplementation 
(300 mg/day) had no effect on any prespecified endpoint. Although the trial involving 
4,495 participants with one or more major cardiovascular risk factors was stopped 
prematurely, a mean follow-up of 3.6 years showed that aspirin supplementation (100 
mg/day) lowered the frequency of all cardiovascular events from 8.2 to 6.3% whereas 
vitamin E had no benefit on any of the prespecified cardiovascular endpoints.  
Similarly, a study by Keith et al. (Keith ME, Keith ME, Jeejeebhoy KN, Langer A, 
Kurian R, Barr A, O’Kelly B, Sole MJ: A controlled clinical trial of vitamin E 
supplementation in patients with congestive heart failure. Am J Clin Nutr73 :219 –
224,2001) has shown that vitamin E supplementation in an outpatient population 
with advanced heart failure (N = 56) failed to affect significantly any marker of in 
vivo oxidative stress and furthermore did not result in any significant improvements in 
prognostic or functional indexes of heart failure or in the quality of life of patients. 

Hodis et al. (Hodis HN, Mack WJ, LaBree L, Mahrer PR, Sevanian A, Liu CR, Liu CH, 
Hwang J, Selzer RH, Azen SP: Alpha-tocopherol supplementation in healthy individuals 
reduced low-density lipoprotein oxidation but not atherosclerosis: the Vitamin E 
Atherosclerosis Prevention Study (VEAPS). Circulation106 :1453 –1459,2002) have 
recently reported that -tocopherol supplementation (400 IU/day) significantly raised 
plasma vitamin E levels (p < 0.0001), reduced circulating oxidized LDL (p = 0.03) and 

reduced LDL oxidative susceptibility (p < 0.01) compared with placebo. However, in this 
study of men and women 40 years of age or older with an LDL cholesterol level equal to 
or greater than 3.37 mmol/L and no clinical signs or symptoms of cardiovascular disease, 



the investigators also found that over a three-year period vitamin E supplementation did 
not reduce the progression of intima-media thickness, as measured by 
ultrasonography, compared with subjects assigned to placebo.  

Finally, a recent investigation by the Heart Protection Study Collaborative Group 
(Heart Protection Study Collaborative Group: MRC/BHF Heart protection study of 
antioxidant vitamin supplementation in 20,536 high risk individuals: a randomised 
placebo-controlled trial. Lancet360 :23 –33,2002) examining 20,536 UK adults with 
coronary disease, other occlusive arterial disease or diabetes demonstrated that there was 
no significant effect on cardiovascular primary endpoints in the group randomly 
allocated vitamin supplementation (600 mg vitamin E, 250 mg vitamin C and 20 mg 
beta-carotene) versus the group receiving matching placebo. The mean duration of 
follow-up was five years for all randomised patients.  

The nutrition intervention trials in Linxian, China (Blot W, Li JY, Taylor PR, Guo W, 
Dawsey S, Wang GQ, Yang CS, Zheng SF, Gail M, Li GY, 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 
Inst85 :1483 –1492,1993) demonstrated that over the course of five years individuals 

receiving vitamin supplements, particularly vitamin E plus ß-carotene and selenium, had 
a significant (p = 0.03) decrease in the incidence of gastric cancer versus individuals 
receiving no vitamin supplementation. Dosing for the vitamin supplementation 
consistently ranged between one and two times the U.S. RDA, and a total of 29,584 
individuals were included in the study. Of the 792 individuals who died of cancer during 
the five-year follow-up, the group receiving vitamin E + beta-carotene + selenium 
demonstrated a 9% reduction in overall mortality (RR = 0.91, 95% CI = 0.84–0.99). 
Cancer mortality was reduced 13% (RR = 0.87, 95% CI = 0.75–1.00) with 
esophageal/gastric cancer rates being reduced by 10%. Despite these results, it is 
important to note that this study cannot establish the effect of vitamin E alone on 
prevention of gastric cancer, because a cocktail of antioxidants was administered to 
people in an area where there were widespread deficiencies of these nutrients. 
 
Additional human studies continue to question the benefit of vitamin E 
supplementation in the prevention of carcinogenesis. In a five-year follow-up of 
20,000 UK adults randomly allocated to receive a daily antioxidant vitamin cocktail (600 
mg vitamin E, 250 mg vitamin C and 20 mg beta-carotene) versus placebo, the Heart 
Protection Study Collaborative Group found no significant difference between the 
groups with respect to the development of new primary cancers (excluding non-
melanoma skin cancer). Primary cancer sites across a variety of organ systems occurred 
in 7.8% of the individuals receiving antioxidant supplementation and 8.0% of the placebo 

group. 
 
Large-scale clinical trials have failed to demonstrate the anticipated beneficial effect 
of α-tocopherol in humans. The mixed results obtained from a variety of clinical studies 
involving vitamin E attest to the complexity of studying the potential protective role of 
vitamin E against chronic disease processes. I believe that the multitude of failed 



studies attests to the inability of investigators to fairly evaluate the data and to point 
out the failure of the free radical theory. 
 
2.5.5   Hormone therapy and antioxidant vitamins worsen CVD in postmenopausal 
women (WAVE Trial) 
 
Hormone replacement therapy (HRT) and antioxidant vitamins are widely used for 
secondary prevention in postmenopausal women with coronary disease, but no clinical 
trials have demonstrated benefit to support their use. OBJECTIVE: To determine whether 
HRT or antioxidant vitamin supplements, alone or in combination, influence the 
progression of coronary artery disease in postmenopausal women, as measured by serial 
quantitative coronary angiography. DESIGN, SETTING, AND PATIENTS: The 
Women's Angiographic Vitamin and Estrogen (WAVE) Trial, a 
randomized, double-blind trial of 423 postmenopausal women with at least one 15% 
to 75% coronary stenosis at baseline coronary angiography. The trial was conducted from 
July 1997 to January 2002 in 7 clinical centers in the United States and Canada. 
INTERVENTIONS: Patients were randomly assigned in a 2 x 2 factorial design to 
receive either 0.625 mg/d of conjugated equine estrogen (plus 2.5 mg/d of 
medroxyprogesterone acetate for women who had not had a hysterectomy), or matching 
placebo, and 400 IU of vitamin E twice daily plus 500 mg of vitamin C twice daily, or 
placebo. MAIN OUTCOME MEASURE: Annualized mean (SD) change in minimum 
lumen diameter (MLD) from baseline to concluding angiogram of all qualifying coronary 
lesions averaged for each patient. Patients with intercurrent death or myocardial 
infarction (MI) were imputed the worst rank of angiographic outcome. RESULTS: The 
mean (SD) interval between angiograms was 2.8 (0.9) years. Coronary progression, 
measured in mean (SD) change, worsened with HRT by 0.047 (0.15) mm/y and by 
0.024 (0.15) mm/y with HRT placebo (P =.17); and for antioxidant vitamins by 0.044 
(0.15) mm/y and with vitamin placebo by 0.028 (0.15) mm/y (P =.32). When patients 
with intercurrent death or MI were included, the primary outcome showed an increased 
risk for women in the active HRT group (P =.045), and suggested an increased risk in 
the active vitamin group (P =.09). Fourteen patients died in the HRT group and 8 in the 
HRT placebo group (hazard ratio [HR], 1.8; 95% confidence interval [CI], 0.75-4.3), and 
16 in the vitamin group and 6 in the vitamin placebo group (HR, 2.8; 95% CI, 1.1-7.2). 
Death, nonfatal MI, or stroke occurred in 26 HRT patients vs 15 HRT controls (HR, 1.9; 
95% CI, 0.97-3.6) and in 26 vitamin patients and 18 vitamin controls (HR, 1.5; 95% CI, 
0.80-2.9). There was no interaction between the 2 treatment interventions. 
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  (Effects of hormone 
replacement therapy and antioxidant vitamin supplements on coronary atherosclerosis in 
postmenopausal women: a randomized controlled trial. D.D. Waters et al.  JAMA. 2002 
Nov 20;288(19):2432-40).   



2.6.0   Macrophages can have antioxidant and prooxidant activity for Ox-LDL 

Murine macrophages incubated in metal-supplemented RPMI could block or promote 
oxidation of low-density lipoprotein (LDL) depending on the degree of metal 
supplementation. Only at high concentrations of Cu (1 µmol/L) and Fe (30 µmol/L) were 
cells prooxidant, leading to an accelerated rate of LDL oxidation over that measured in 
comparable cell-free media. At lower concentrations of Cu and Fe in RPMI, LDL 
oxidation in the presence of macrophages was inhibited relative to the cell-free 
condition. At lower metal concentrations, macrophages were consistently 
antioxidant.This appeared to be dependent on a stable modification of the culture 
medium, because preconditioning of media by incubation with macrophages could also 
decrease their capacity to sustain subsequent cell-free LDL oxidation. This was due, in 
part, to a removal of metal from the media during preconditioning. However, 
resupplementation of media with metals did not fully restore oxidative capacity, 
indicating that other cell-dependent antioxidant modifications occurred. This did not 
involve significant alterations to the thiol content of the media. This study highlights the 
complexity of the role that cells such as macrophages have with regards to LDL oxidation 
in vitro and demonstrate that there are both antioxidative and prooxidative 
components (Prooxidant and Antioxidant Activities of Macrophages in Metal-Mediated 
LDL Oxidation. The Importance of Metal Sequestration. David M. van Reyk; Wendy 
Jessup; Roger T. Dean. Arteriosclerosis, Thrombosis, and Vascular Biology. 
1999;19:1119-1124). 

Oxidation of low-density lipoprotein (LDL) has been one form of modification implicated 
in the generation of proatherogenic forms of this lipoprotein. Transition metals such as Cu 
and Fe have been extensively studied as catalysts for LDL oxidation in vitro. There is 
evidence for the presence of redox-active metals in atheromatous plaques, and 
physiological forms of these metals such as hemin and ceruloplasmin can promote 

LDL oxidation in vitro. The various cell types found in an atheromatous plaque have all 
been shown to promote LDL oxidation in vitro, and this requires the presence of 
transition metals, both Fe and Cu (Garner B, Jessup W. Cell-mediated oxidation of low-
density lipoprotein: the elusive mechanism(s). Redox Rep. 1996;2:97–104). 

As the concentrations of metal added to RPMI increased, the cells changed from being 

antioxidant to prooxidant. At the highest metal concentrations, the cells promoted LDL 
oxidation to almost the same extent as they did in F-10. Mechanisms that may be 
involved in the inhibition of LDL oxidation in metal-supplemented RPMI include metal 
sequestration, removal of cholesteryl ester hydroperoxides from LDL, or release of 
inhibitory species into the extracellular environment.  
 
They have demonstrated that for the nutrient-rich medium RPMI to support LDL 
oxidation in the absence or presence of cells, relatively high levels of metal 
supplementation are required. At lower metal concentrations, cells can effectively 

block LDL oxidation for an extended period of incubation. This is likely to involve 
sequestration of metals as well as other modifications of the extracellular environment. In 
physiological conditions (where free metal concentrations are low), the 



sequestration of metals by macrophages will thus probably contribute to antioxidant 
function. However, the prooxidant activity of macrophages may be expressed if free 
metal concentrations rise, as apparently occurs, for example, during atherosclerosis 
(Hunter GC, Dubick MA, Keen CL, Eskelson CD. Effects of hypertension on aortic 
antioxidant status in human aneurysmal and occlusive disease. Proc Soc Exp Biol Med. 
1991;196:273–279). 

2.7.0    3 Omega Fats:  The Jury’s Still Out 

2.7.1    Fish Consumption Linked to Heart Abnormality 

May 18, 2006 (HealthDay News) -- Putting a confusing twist on the health value of fish 
oil, a new study suggests that eating lots of fish may actually boost the risk of atrial 
fibrillation, a potentially dangerous heart condition, in certain people. 

However, the heavy fish eaters in the study still had a lower risk of sudden death from 
heart problems, and the study's lead author said the research shouldn't stop anybody from 
eating fish.  

In recent years, many doctors have urged patients to eat oily fish -- such as mackerel, 
herring, albacore tuna and salmon -- or take fish oil supplements. Both contain 
omega-3 fatty acids, which have been linked to better recovery from heart disease and a 
lower risk in older people of atrial fibrillation, in which the heart's electrical system 
malfunctions, and the muscle fails to beat in an orderly fashion.  

But it's not entirely clear that omega-3 fats are good for the general population without 
heart disease. And some research has suggested they may actually boost the risk of 
atrial fibrillation in certain people, such as those younger than 60.  

Many kinds of fish are rich in omega-3 fatty acids, which in turn interfere with the 
cyclooxygenase-2 or COX-2 enzyme. COX-2 affects inflammation (hypoxia), which 
may play a role in tumor growth. 

In the new study, researchers analyzed data from nearly 17,700 U.S. male doctors 
who took part in the Physicians' Health Study. The men answered questions about 
their fish consumption in 1983 and were asked in 1998 if they had developed atrial 
fibrillation.  

After adjusting the data to account for factors like existing heart disease, the researchers 
found that men who ate fish more than five times a week were 61 percent more likely to 
develop atrial fibrillation, compared to those who ate fish once a month. In total, about 7 
percent of all the men in the study said they developed the condition, which is somewhat 
common among the elderly but rarer among younger people. 

The findings were to be released Thursday at the Heart Rhythm Society's annual meeting, 
in Boston. What could explain the seemingly contradictory finding? 



It's possible that omega-3 fatty acids may actually promote the development of 
atrial fibrillation in younger people but prevent it in older people who have other 
medical conditions, said study author Dr. Anthony Aizer, an electrophysiologist at New 
York University Medical Center. 

He added that atrial fibrillation isn't as great a risk in people who don't have conditions 
like congestive heart disease and high blood pressure. "Younger people are significantly 
less likely to have these additional medical conditions," he said. "As a result, the risk in 
younger people as a whole is likely to be significantly lower." 

Aizer acknowledged that the study didn't rely on "gold standard" methods, such as 
double-blind, placebo-controlled research. So, it's possible that another unknown factor 
could explain the rise in atrial fibrillation cases seen in study participants, he said.  

That possibility makes sense to Dr. Marie-Noelle Langan, chief of electrophysiology at 
Lenox Hill Hospital in New York City. She said it's possible that the male doctors who 
ate a lot of fish each week were health-minded athletes, who can be prone to atrial 
fibrillation.  

"It's possible this is a group of very fit people who run like maniacs," Langan said. "It 
doesn't take that many patients to throw off the statistics." Langan's hospital plans to 
launch its own study into fish oil and atrial fibrillation. So should you take fish oil 
supplements or eat a lot of oily fish? 

"There is no evidence that it's dangerous for your life," said Dr. Francesco Santoni, who's 
also an electrophysiologist at Lenox Hill Hospital. However, "it's unclear what effect it 
has in the general population on arrhythmias," or heart rhythm disturbances.  

Aizer had similar views. "The message of this study is not to stop eating fish," he said. 
"Fish may have different effects on different people. Lifestyle and dietary habits need to 
be tailored on an individual basis to promote overall health." For now, he said, "clearly, 
more investigation is needed to reach a more definitive answer about the multiple effects 
of omega-3 fatty acid on the heart's electrical function." 

2.8.0   Marinating meat may cut cholesterol compounds  

Scientists have found that marinating meats may help reduce unhealthy cholesterol 
compounds that form during cooking. Researchers in Taiwan found that marinades made 
with soy sauce or sugar inhibited the formation of cholesterol oxidation products 
(COPs) in pork and eggs as they cooked. COPs are generated when cholesterol-rich 
foods are processed or heated, and research suggests that, in excess, the compounds may 
damage body cells and contribute to ills such as heart disease or cancer (Journal of 
Agricultural and Food Chemistry, June 28, 2006.). 

To study the effects of marinades on COP formation, Dr. Bing-Huei Chen and colleagues 
at Fu Jen University in Taipei soaked ground pork and hard-boiled eggs in marinades 



containing soy sauce, sugar or both. The only other ingredient in each marinade was 
water. In general, the researchers found, all of the marinades cut COP formation 
during cooking, with sugar being particularly effective. 

Marinating may create the benefit, Chen told Reuters Health, by generating so-called 
"browning reaction products." These substances are thought to act as antioxidants, which 
mean they help neutralize COPs and similar molecules that can damage body cells. It's 
also possible, Chen added, that healthful nutrients in soy sauce, such as isoflavones, help 
quash COP formation. 

Whether other types of marinades have such anti-COP abilities is unknown, according to 
the researcher. The simple sugar-soy sauce marinade, Chen noted, was only 1 percent 
soy sauce and 10 percent sugar, so it would add few calories and little salt to a health-
conscious cookout. 

2.9.0   Soy isoflavones do very little good 

Further, an analysis of 22 studies on soy protein and its main ingredient, isoflavones, 
found little to rave about, according to the American Heart Association in July of 2006.  
They concluded that:  A huge amount (50 grams of soy protein daily, replacing dairy 
and animal protein) is needed to lower bad LDL cholesterol a mere 3%.  Also, soy 
protein did not improve HDL cholesterol, triglycerides, lipoprotein(a) or blood 
pressure; nor did soy’s isoflavones reduce LDL cholesterol or hot flashes and its 
ability to slow bone loss in older women is questionable and uncertain.  Still, the AHA 
rated soy foods, such as tofu, better for your heart than burgers, cheese and other foods 
high in saturated fats. 

Isoflavones have the property to neutralize free radicals. Among the isoflavones, 
genistein has the highest antioxidant activity. Genistein's ability to act as antioxidant 
may also explain the anti-carcinogenic effect of this isoflavone. In our body 
superoxide dismutase (SOD) is produced to remove free radicals but it only 
removes superoxide by converting it to hydrogen peroxide. Thus, there is a 
prooxidant component to this. Genistein seems to increase the production of this 
favorable SOD, and therefore H2O2.  I believe that it is this prooxidant SOD activity 
which contributes the anticarcinogenic activity to isoflavones. 

Some articles suggest that isoflavones inhibit prostate cancer in early stages and worsen it 
in later stages. Confusion reigns again. 

3.0.0   Methylglyoxal 

Nonenzymatic glycation is increased in diabetes and leads to elevated levels of advanced 
glycation end products (AGEs), which link hyperglycemia to the induction of insulin 
resistance. In hyperglycemic conditions, intracellularly formed alpha-ketoaldehydes, such 
as methylglyoxal, are an essential source of intracellular AGEs, and the abnormal 
accumulation of methylglyoxal is related to the development of diabetes complications in 

http://www.isoflavones.info/isoflavones-abstracts.php?article=117


various tissues and organs. Riboulet-Chavey has previously shown in skeletal muscle that 
AGEs induce insulin resistance at the level of metabolic responses. Therefore, it was 
important to extend their work to intermediates of the biosynthetic pathway leading to 
AGEs. Hence, the question was asked whether the reactive alpha-ketoaldehyde 
methylglyoxal has deleterious effects on insulin action similar to AGEs. Riboulet-Chavey 
analyzed the impact of methylglyoxal on insulin-induced signaling in L6 muscle cells. 
They demonstrate that a short exposure to methylglyoxal induces an inhibition of insulin-
stimulated phosphorylation of protein kinase B and extracellular-regulated kinase 1/2, 
without affecting insulin receptor tyrosine phosphorylation. Importantly, these 
deleterious effects of methylglyoxal are independent of reactive oxygen 
species produced by methylglyoxal but appear to be the direct consequence of an 
impairment of insulin-induced insulin receptor substrate-1 tyrosine phosphorylation 
subsequent to the binding of methylglyoxal to these proteins. Their data suggest that an 
increase in intracellular methylglyoxal content hampers a key molecule, thereby leading 
to inhibition of insulin-induced signaling. By such a mechanism, methylglyoxal may not 
only induce the debilitating complications of diabetes but may also contribute to the 
pathophysiology of diabetes in general (Methylglyoxal impairs the insulin signaling 
pathways independently of the formation of intracellular reactive oxygen species. 
Riboulet-Chavey A, Pierron A, Durand I, Murdaca J, Giudicelli J, Van Obberghen E. 
Diabetes. 2006 May;55(5):1289-99). 

3.0.1   Hepatocellular cancer 

Hepatocellular cancer is the fifth most frequent cancer in men and the eighth in women 
worldwide. Established risk factors are chronic hepatitis B and C infection, chronic 
heavy alcohol consumption, obesity and type 2 diabetes, tobacco use, use of oral 
contraceptives, and aflatoxin-contaminated food. Almost 90% of all hepatocellular 
carcinomas develop in cirrhotic livers. In Western countries, attributable risks are 
highest for cirrhosis due to chronic alcohol abuse and viral hepatitis B and C infection. 
Among those with alcoholic cirrhosis, the annual incidence of hepatocellular cancer is 1-
2%. An important mechanism implicated in alcohol-related hepatocarcinogenesis is 
oxidative stress from alcohol metabolism, inflammation, and increased iron storage. 
Ethanol-induced cytochrome P-450 2E1 produces various reactive oxygen species, 
leading to the formation of lipid peroxides such as 4-hydroxy-nonenal. Furthermore, 
alcohol impairs the antioxidant defense system, resulting in mitochondrial damage 
and apoptosis. Chronic alcohol exposure elicits hepatocyte hyperregeneration due to 
the activation of survival factors and interference with retinoid metabolism. Direct DNA 
damage results from acetaldehyde, which can bind to DNA, inhibit DNA repair systems, 
and lead to the formation of carcinogenic exocyclic DNA etheno adducts. Finally, 
chronic alcohol abuse interferes with methyl group transfer and may thereby alter gene 
expression (Risk factors and mechanisms of hepatocarcinogenesis with special emphasis 
on alcohol and oxidative stress. Seitz HK, Stickel F. Biol Chem. 2006 Apr;387(4):349-
60). I believe that the increase in scar formation with cirrhosis decreases EMOD 
production and allows for cancer manifestation. 
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3.1.0   Adiponectin 

Adiponectin is an adipokine that exhibits insulin-sensitising, fat-burning and anti-
inflammatory properties as well as modulatory effects on oxidative stress. Delaigle 
examined whether adiponectin could be induced in a non-adipose tissue, skeletal muscle, 
in response to metabolic or oxidative aggression both in vivo (in a murine model of type 
2 diabetes) and in vitro. Obese and diabetic ob/ob mice were used and compared with 
lean littermates. Some obese mice were treated with the antioxidant probucol for 3 
weeks. At the end of the experiment, blood was sampled and tibialis anterior muscles 
were collected for mRNA measurement and immunohistochemistry. In spite of 
hypoadiponectinaemia, Adipoq mRNA levels were markedly increased in the 
skeletal muscle of ob/ob mice and correlated with systemic oxidative stress. Adipoq 
upregulation was shown in laser-microdissected myocytes of obese mice. Concomitantly, 
immunoreactivity for adiponectin was enhanced in obese muscle fibers together with 
lipid infiltration and local markers of oxidative stress. In cultured C2C12 myotubes, a 
triglyceride mix and reactive oxygen species producers (H2O2 or a lipoperoxidation end-
product) upregulated Adipoq expression and adiponectin production. This effect was 
reversed by an antioxidant. Finally, treatment of obese mice with probucol also 
attenuated upregulation in muscle. CONCLUSIONS. The paradoxical upregulation 
of adiponectin in muscle of obese and diabetic mice may result from lipotoxicity and 
related oxidative stress. This unexpected finding could be viewed as a local protection 
to counteract ectopic fat deposition and oxidative damage (Induction of adiponectin in 
skeletal muscle of type 2 diabetic mice: in vivo and in vitro studies. Delaigle AM, Senou 
M, Guiot Y, Many MC, Brichard SM. Diabetologia. 2006 Mar 29; [Epub ahead of print]). 

3.1.1  Adiponectin Protects Against CVD 

Adiponectin is a collagen-like product of visceral fat that offers apparent protection 
against macrovascular disease. Steffes et al evaluated the relationships of 
concentrations of adiponectin with oxidative stress and the major risk factors for and/or 

the presence of macrovascular disease.  

Adiponectin was measured by radioimmunoassay in serum from 3,045 fasting 
participants (ages 33 to 45) of the Coronary Artery Risk Development in Young 
Adults Study. Cross-sectional correlation of the concentrations of adiponectin with F2-
isoprostane concentrations (a marker of systemic oxidative damage), coronary 
artery calcification (CAC; an estimate of early macrovascular disease), and several 
macrovascular risk factors was analyzed.  

F2-isoprostanes and CAC were unrelated to adiponectin after minimal adjustment for 
gender, race, and center. After additional adjustment for insulin resistance and waist 
circumference and other macrovascular risk factors, adiponectin correlated positively 
with high-density lipoprotein-cholesterol, F2-isoprostanes, and CAC  and negatively 
with triglycerides and C-reactive protein.  
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Although these data are consistent with reduced cardiovascular disease risk imparted by 
adiponectin, there was a higher circulating level of adiponectin present with 
oxidative stress and CAC (Adiponectin, Visceral Fat, Oxidative Stress, and Early 
Macrovascular Disease: The Coronary Artery Risk Development in Young Adults Study. 
Michael W. Steffes et al. Obesity 14:319-326 (2006). I believe that this indicates a 
protection against macrovascular disease with increased so called oxidative stress. 

Over the last 20 years, overwhelming evidence has accumulated indicating that oxidation 
of lipoproteins plays an important role in the development of atherosclerosis (Witztum 
JL, Steinberg D. The oxidative modification hypothesis of atherosclerosis: does it hold 
for humans?. Trends Cardiovasc Med 2001;11:93-102). However, it has never been 
proven that oxidation is causative of atherosclerosis. 

The pathophysiology of atherosclerosis is characterized by two key processes, lipid 

deposition and inflammation, within the arterial wall, and oxidative stress provides a link 
between the two (Kutuk O, Basaga H. Inflammation meets oxidation: NF- B as a 
mediator of initial lesion development in atherosclerosis. Trends Mol Med 2003;9:549-
557).  

Despite general acceptance of the importance of oxidative events in 
atherosclerosis, clinical trials of antioxidant supplementation have 
produced disappointing (failed) results (Heart Protection Study Collaborative 
Group. 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) (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) (Hennekens CH, Buring JE, 
Manson JE, Stampfer M, Rosner B, Cook NR, et al. Lack of effect of long-term 
supplementation with ß carotene on the incidence of malignant neoplasms and 
cardiovascular disease. N Engl J Med 1996;334:1145-1149). 

Supplementation with antioxidant vitamins is known to increase antioxidant capacity and 
to decrease markers of oxidative stress. Interestingly, however, and in contrast to most 
other biochemical markers of oxidative stress, studies assessing the effects of 

supplementation with various antioxidants on isoprostanes have produced 
inconsistent results (Schwedhelm E, Boger RH. Application of gas chromatography-
mass spectrometry for analysis of isoprostanes: their role in cardiovascular disease. Clin 
Chem Lab Med 2003;41:1552-1561). I believe that failed studies and inconsistencies 
are the rule for antioxidant studies. 

3.1.2   New risk factors may be associated with cardiovascular disease risk  

Date: 14 January 2005, Source: MayoClinic  
The primary causes of cardiovascular disease have been identified as high blood 
cholesterol, high blood pressure, smoking and diabetes. However, even people 



without these risk factors may develop cardiovascular disease and researchers are 
beginning to understand what other risk factors may trigger cardiovascular disease.  

3.1.3   Cholesterol Drug, torcetrapib, increases HDL, decreases LDL and increases 
risk of death 

Cleveland Clinic researchers on March 28, 2007,  reported that the drug torcetrapib, 
despite raising high density lipoprotein cholesterol (HDL) or the "good" cholesterol 
by more than 60%, did not slow the progression of plaque buildup in the coronary 
arteries as measured using an ultrasound probe. 
 
Steven Nissen, M.D., Chairman of Cardiovascular Medicine at Cleveland Clinic and lead 
investigator of this clinical trial, will present the study on Monday, March 26, 2007 at the 
American College of Cardiology's (ACC) 56th Annual Scientific Session. Dr. Nissen is 
also President of the ACC. The study will be simultaneously published in the New 
England Journal of Medicine. 
 
All development of this drug was terminated on Dec. 2, 2006 after the safety board 
monitoring a separate large clinical outcomes trial reported that torcetrapib 
increased the risk of death and other adverse cardiovascular outcomes. 
 
"We found that the torcetrabip/atorvastatin combination markedly increased good 
cholesterol levels and lowered bad cholesterol in patients. Unfortunately this drug also 
substantially raised blood pressure and failed to slow the buildup of plaque," Dr. Nissen 
said. "It is yet to be determined of this failure represents a problem unique to torcetrapib 
or predicts a lack of efficacy for the entire class of similar drugs. These findings further 
demonstrate the great difficulty in developing therapies to disrupt the atherosclerotic 
disease process." 
 
The development of drugs to raise HDL has been a key research priority because, despite 
lowering LDL (low-density lipoprotein, or "bad") cholesterol with statin drugs, 
many patients continue to experience heart attacks, stroke or sudden cardiac death. 
 
A total of 1,188 coronary artery disease patients were enrolled in the "Investigation of 
Lipid Level management using coronary UltraSound To assess Reduction of 
Atherosclerosis by CETP Inhibition and HDL Elevation" (ILLUSTRATE) trial. All 
patients had a clinical indication for cardiac catheterization, had a baseline intravascular 
ultrasound (IVUS) and received 10-80 gm of atorvastatin adjusted during a two- to 10-
week period until LDL levels reached national guidelines. 
 
Patients were then randomized to receive either 60 mg of torcetrapib or a matching 
placebo for two years. At the end of the treatment period, a second IVUS was performed, 
examining the same coronary arteries. Researchers measured the change in plaque 
volume in the artery, comparing the baseline to the follow-up ultrasound. They also 
measured patients' blood cholesterol levels and biomarkers of inflammation at several 
points during the trial. 



 
Patients in the torcetrapib/atorvastatin group experienced a 61 percent 
relative increase in HDL cholesterol levels and a 20 percent relative 
decrease in LDL levels, as compared with patients in the atorvastatin-only group. 
Despite those results, there was no statistical difference between the two groups in 
plaque volume changes. Plaque volume increased by 0.19 percent in the 
atorvastatin-only patients and 0.12 percent in the combination group, p = 0.72. 
Torectrapib was also associated with a substantial increase in blood pressure, 
averaging 4.6 mm. 

I believe that these are incredible results and debunks the LDL oxidation hypothesis 
of atherosclerosis.  In fact, the plaque volume increased in the treated group, in 
which HDL increased 61% and the LDL decreased by 20%.  The theory is wrong. 
 
IVUS is a technique in which a tiny ultrasound probe is inserted into the coronary 
arteries, providing a precise and reproducible method for determining the change in 
plaque, or atheroma, burden during treatment. 

3.1.4   Combination HDL/LDL Therapy Has No Effect On Plaque Build-up 

For some patients with high cholesterol, even the most aggressive treatment with 
statin drugs fails to prevent coronary artery disease. Patients with hyperlipidemia - 
high LDL or "bad" cholesterol and trigylcerides, and low HDL or "good" cholesterol - 
and those with a family history of high cholesterol are at a high risk for atherosclerosis, 
or plaque build up in the coronary arteries, which can lead to a heart attack or stroke. 
While lowering LDL levels with statin drugs is effective in reducing risk, adding an agent 
that raises HDL levels may offer additional benefit.  
 
Two studies presented recently (4/3/2007) at the American College of Cardiology's 56th 
Annual Scientific Session assessed the effects of adding torcetrapib to atorvastatin among 
patients to improve their cholesterol levels. Although the ILLUMINATE study and 
other trials involving torcetrapib were recently stopped because of safety concerns, 
the effect of the drug on carotid intima-media thickness (CIMT) may provide useful 
information on whether it slows the progression of atherosclerosis. The studies will be 
simultaneously published in the New England Journal of Medicine. ACC.07 is the 
premier cardiovascular medical meeting, bringing together cardiologists and 
cardiovascular specialists to further breakthroughs in cardiovascular medicine.  
 
The "Rating Atherosclerotic Disease Change by Imaging with A New CEtp Inhibitor" 
trials, also known as the RADIANCE studies, tested a combination therapy with 
torcetrapib and atorvastatin in two groups of patients. RADIANCE 1 involved 907 
patients with heterozygous familial hypercholesterolemia (HeFH), the type of high 
cholesterol that runs in families, while RADIANCE 2 enrolled 758 patients with mixed 
hyperlipidemia.  
 
Both groups of patients started an atorvastatin-only period during which the patients' 



doses were titrated up until LDL levels reached national guidelines. Subjects were then 
randomized to either a combination of torcetrapib and atorvastatin or atorvastatin alone. 
Atherosclerotic progression was assessed by ultrasound twice within the first week and at 
six-month intervals. The effects of the combination therapy were determined by 
examining the change in CIMT of 12 predefined carotid segments. Ultrasound is used to 
measure the thickness of the arterial walls of the common carotid artery, carotid 
bifurcation and the internal carotid artery to arrive at CIMT, which is generally accepted 
to be a predictor of coronary atherosclerosis.  
 
Study results showed that the CETP inhibitor torcetrapib led to unparalleled 
increases of HDL-C and robust decreases of LDL-C but despite this had no benefit 
on atherosclerosis progression while one secondary endpoint of the 
study even suggested progression of disease in torcetrapib-treated 
patients. Also, torcetrapib significantly raised blood pressure, but the negative 
findings of the RADIANCE trials could not be explained by this undesirable side effect.  
 
"The addition of torcetrapib to statin therapy has no benefit at all on atherosclerosis 
progression, but it remains to be investigated whether this is a consequence of the 
molecule Torcetrapib or whether the concept of CETP inhibition is a flawed hypothesis," 
said John J.P. Kastelein, M.D., Ph.D., of the Academic Medical Center in Amsterdam, 
and lead author of the studies. "Additional data from the ILLUMINATE study later this 
year will hopefully shed more light on this issue." 

3.1.5   Antioxidant, Succinobucol (AGI-1067), did not block major CVD events 

The trial was entitled "Effects of the Novel Anti-Oxidant and Anti-Inflammatory Agent 
Succinobucol (AGI-1067) on Clinical Events in Patients With a Recent Acute Coronary 
Syndrome: The Aggressive Reduction of Inflammation Stops Events (ARISE) 
Study." "We are pleased with the meaningful improvement of patient outcomes observed 
with AGI-1067 (succinobucol) in the ARISE trial, which should help to address the 
burden of cardiovascular risk that exists despite our effective contemporary treatments." 
said Jean-Claude Tardif, M.D., Director of Research, Professor of Medicine, Montreal 
Heart Institute. (4/1/2007) 
 
"The highest bar in clinical research is to improve the prognosis of patients that are 
already receiving optimal care," said Marc A. Pfeffer, M.D., Ph.D., Professor of 
Medicine, Harvard Medical School; Senior Physician at Brigham and Women's Hospital. 
"Although the formal primary composite endpoint in ARISE was not met (it failed), 
we believe that the trial generated strong evidence that use of AGI-1067 will produce 
tangible clinical benefits for patients with coronary artery disease."  
 
The double-blind, placebo-controlled international trial enrolled 6,144 high-risk 
cardiovascular patients with unstable angina (chest pain) or who had suffered a 
heart attack. Patients were randomized to receive 300 mg of succinobucol (a novel, 
first-in-class anti-antioxidant with anti-inflammatory properties) daily, or matching 
placebo. Both groups of patients were already well-treated with the standard of care 



medications as prescribed by their physicians, including aspirin, statins, beta-blockers, 
calcium channel blockers, and oral anti-platelet and anti-coagulant agents. These 
promising findings indicate that succinobucol may be an additional therapy to reduce 
atherosclerotic complications beyond currently used modifications of risk factors. 
Researchers followed the patients an average of 24 months to determine rates of 
cardiovascular death, resuscitated cardiac arrest, heart attack, stroke, use of coronary 
revascularization and hospitalization for unstable angina diagnosed with blocked 
coronary artery. 

While the trial results did not demonstrate a difference with the use of 
succinobucol (AGI-1067) versus placebo on the primary endpoint of a 
composite of major adverse cardiovascular events, the study did achieve a 
number of other important predefined endpoints, including a reduction in the composite 
of "hard" atherosclerotic clinical endpoints, composed of cardiovascular death, 
myocardial infarction (heart attack) and stroke with a relative risk reduction of 19 
% (p=0.028); as well as an improvement in several key diabetes parameters, 
including fewer patients developing diabetes with a relative risk reduction of 64 % 
(p<0.0001), and better glycemic control (reduction of HbA1c of 0.5% at twelve months, 
p<0.0001) in patients randomized to succinobucol.  

3.1.6   C-reactive protein (CRP) 

The new risk factors include C-reactive protein (CRP), Homocysteine, Fibrinogen and 
Lipoprotein (a). Not much is known about how these risk factors are linked to 
cardiovascular disease, or even how to measure them in a standardized manner.  

CRP is known as an inflammatory marker because it is produced by the immune system 
when an injury or infection has occurred. Atherosclerosis is characterized by 
inflammation. (Please remember that inflammation is always associated with 
hypoxia.)  Higher CRP levels have been linked with an increased risk of cardiovascular 
disease. For example, on study shows that women with high CRP levels face a seven 
times greater risk of heart attack or stroke than those with a low level. CRP is considered 
by some to be a better predictor of heart disease risk than cholesterol level whereas others 
consider it of little use at all.  

One of the difficulties in using CRP measurements to diagnose heart disease risk is that 
conditions such as rheumatoid arthritis, urinary tract infection, medications and 
obesity may also increase CRP levels. Currently, CRP level testing is only 
recommended for people with an intermediate risk of heart disease so that the level of 
treatment required can be better evaluated.  

3.1.7   Study casts doubt on new blood tests 

New blood tests that doctors hoped would more accurately predict which patients are 
headed for a heart attack or stroke are no better than cholesterol levels, blood pressure 
and other conventional measurements, a study found. Doctors in recent years had become 



excited over substances in the blood that appeared to be powerful new predictors of a 
heart attack. These substances included C-reactive protein, or CRP; homocysteine; 
and BNP, or B-type natriuretic peptide. 

An increasing number of family doctors have been ordering expensive tests for these 
substances, and some patients have started requesting them, in hopes of identifying 
people who do not have the standard risk factors but are still likely to suffer a heart attack 
or stroke. But the new research, by scientists at the highly regarded Framingham Heart 
Study, found that tests of CRP, BNP, homocysteine and seven other substances are only a 
couple of percentage points better at predicting outcomes than the standard, 
commonsense risk factors that doctors have known for decades. 

The difference in accuracy was considered so small as to be negligible. 

"It's a little bit disappointing," said lead author Dr. Thomas J. Wang, a Harvard Medical 
School assistant professor. "I think our study and some other recent studies have begun to 
dampen that enthusiasm." The study was published in 12/14/06 New England Journal of 
Medicine. 

The Framingham researchers, who have been testing residents of the Boston suburb for 
several decades, used frozen blood samples taken from 3,209 healthy Framingham 
participants in the mid-1990s, then checked to see who had major heart complications or 
died over the following decade. 

The best predictors were tests for BNP, CRP, homocysteine and renin in the blood and 
albumin in the urine. Patients with the highest levels of BNP and albumin were nearly 
twice as likely as those with lowest levels to suffer a heart attack, stroke or heart failure; 
those with the highest levels of CRP, BNP and the three other substances were four times 
as likely to die during the decade. 

However, the standard risk factors — high blood pressure, high cholesterol, family 
history, advanced age, smoking, obesity, lack of exercise and diabetes — proved to 
be just as accurate when it came to predicting heart disease. 

"This really supports the value of focusing on risk factor reduction, not looking for a 
magic blood test," said Dr. Richard Stein. "At present, I don't think we should be 
measuring these in routine clinical practice," said Dr. Daniel Levy, director of the 
Framingham study, which is funded by the National Heart, Lung, and Blood Institute. 

Levy and Wang said the 10 "biomarkers" tested in the study may still be useful for the 
many patients at intermediate risk of heart problems — those determined by the 
conventional risk factors to have a 10 percent to 20 percent chance of suffering a heart 
attack or stroke over the next decade. 

Dr. Sidney Smith, former president of the American Heart Association and director of the 
Center for Cardiovascular Science and Medicine at University of North Carolina, noted 



the findings may not apply to minorities. The Framingham residents are almost all 
whites of European extraction. 

He said the findings also show that doctors and patients should work harder to get known 
risk factors such as obesity and diabetes under control to prevent serious heart problems. 

"The question is, `Where's the next frontier?'" Levy said. He said the answer could come 
from two huge federal studies. One, with results expected next year, is examining about 
500,000 genetic variations in 10,000 people to spot differences linked to heart disease; 
the other, still being planned, will examine about 150 biomarkers to see which ones best 
predict future heart problems. On the Net: http://www.nejm.org. American Heart 
Association site on cardiac risk factors: 
http://www.americanheart.org/presenter.jhtml?identifier4726 

3.1.8   Homocysteine 

Homocysteine is an amino acid used to build protein but high levels of the substance in 
the blood has been linked to increased risk of stroke, some type of heart disease and 
peripheral vascular disease. If high levels of homocysteine are combined with smoking 
and high blood pressure, the risk of heart disease and stroke is even higher. Like CRP, 
researchers still don’t know if the substance causes cardiovascular disease or is simply an 
indicator that it exists. Kidney disease and some medications can also increase 
homocysteine levels. Genetic makeup, sex and diet may play a big role in determining 
homocysteine levels. Females have lower levels and folate and vitamins B6 and b12 
have a significant effect on homocysteine levels. High levels of the substance is 
frequently followed by a recommendation for a dietary change to include the above but it 
is not yet proven that reducing the levels will reduce the mortality from 
cardiovascular disease. 

3.1.9   Antioxidants C, alpha tocopherol and beta carotene raise homocysteine levels 

Mild hyperhomocysteinemia is accepted as a risk factor for premature 
cardiovascular disease. In a population with a high prevalence of cardiovascular 
disease, we screened a group of clinically healthy working men aged 30-49 y (n = 509) 
for plasma homocysteine and 5,10-methylene tetrahydrofolate reductase (MTHFR) 
genotype status. Those with mildly elevated homocysteine concentrations (> or = 8.34 
micromol/L) were selected for intervention. In a randomized, factorial-design, controlled 
trial we assessed the effects of B-group vitamins and antioxidant vitamin 
supplementation on homocysteine concentrations. The 132 men were randomly assigned 
to one of four groups: supplementation with B-group vitamins alone (1 mg folic acid, 7.2 
mg pyridoxine, and 0.02 mg cyanocobalamin), antioxidant vitamins alone (150 mg 
ascorbic acid, 67 mg RRR-alpha-tocopherol, and 9 mg beta-carotene), B-group 
vitamins with antioxidant vitamins, or placebo. Intervention was double-blind. A total of 
101 men completed the 8-wk intervention. When homocysteine concentrations were 
analyzed by group, significant (P < 0.001) decreases (32.0% and 30.0%, respectively) 
were observed in both groups receiving B-group vitamins either with or without 

http://www.nejm.org/


antioxidants. The effect of B-group vitamins alone over 8 wk was a reduction in 
homocysteine concentrations of 27.9% (95% CI: 22.0%, 33.3%; P < 0.001) whereas 
antioxidants alone produced a nonsignificant increase of 5.1% (95% CI: -2.8%, 
13.6%; P = 0.21). There was no evidence of any interaction between the two groups 
of vitamins. The effect of B-group vitamin supplementation seemed to depend on 
MTHFR genotype. Supplementation with the B-group vitamins with or without 
antioxidants reduced homocysteine in the men with mildly elevated concentrations, and 
hence may be effective in reducing cardiovascular risk  (Effect of B-group vitamins and 
antioxidant vitamins on hyperhomocysteinemia: a double-blind, randomized, factorial-
design, controlled trial. J.V, Woodside et al. Am J Clin Nutr. 1998 May;67(5):858-66).  
Antioxidants increased homocysteine levels, which some believe is a risk factor for 
CVD. 

3.2.0   Fibrinogen 

Fibrinogen is a crucial protein needed for clotting. Excess fibrinogen causes too much 
clotting or clumping increasing the risk of heart attack or stroke. It is also believed to be 
an inflammation marker for atherosclerosis. People with diabetes, high blood pressure, 
high alcohol consumption, high intake of estrogen from the pill or hormone therapy and 
obesity or are inactive and smoke also tend to have higher fibrinogen levels.  All of 
these factors are seen in my EMOD insufficiency syndrome and demonstrates their 
inter-relatedness. 

3.2.1  Copper deficiency augments diabetic vasculopathy 

Both diabetes mellitus (DM) and elevated plasma copper concentrations are risk 
factors for cardiovascular disease (CVD). DM is associated with impaired endothelial 
nitric oxide (NO) and with excess superoxide (O2.-) formation. Copper is also elevated in 
DM and is also associated with the generation of O2.-.  Copper augments the reduction 
of NO bioavailability, which is already impaired in aortae from diabetic rabbits due 
to excess production of O2.- and H2O2. These results indicate that patients with DM 
may be susceptible to copper-mediated vasculopathy at much lower concentrations than 
those that promote vasculopathy in nondiabetic patients (Shukla N, Thompson CS, 
Angelini GD, Mikhailidis DP, Jeremy JY. Low micromolar concentrations of copper 
augment the impairment of endothelium-dependent relaxation of aortae from diabetic 
rabbits. Metabolism. 2004 Oct;53(10):1315-21). I believe that copper is a strong 
prooxidant agent and that this property is protective against diabetes and a 
deficiency of copper leads to diabetic vasculopathy. 

3.2.2  Lipoprotein (a) 

Lipoprotein (a) is produced when LDL cholesterol attaches to a specific protein 
which may interfere with the body’s ability to dissolve blood clots. There is still 
dispute over some study results that indicate that increased lipoprotein(a) levels are 
associated with increased risk of cardiovascular disease. Several factors may affect 
lipoprotein(a) levels: dialysis, kidney transplant, poor kidney functioning and hormonal 
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changes associated with diabetes, pregnancy or menopause. Diet and exercise don’t 
seem to affect lipoprotein(a) levels but it tends to be higher in black people. 

3.3.0 Thyroid disease 

The thyroid gland, in the neck just below the Adam's apple, plays a significant role in 
overall health. Hormones from the thyroid are chemical messengers, helping to control 
body temperature, heart rate, muscle strength, cholesterol, memory and even mood. 
 
When a thyroid malfunctions, producing too much or too little of its hormones, chemical 
reactions in the body become unbalanced. The earliest symptoms of an underactive 
thyroid (hypothyroidism), such as sluggishness and fatigue, too often are mistaken 
for simply getting older. 
 
As hypothyroidism continues, other symptoms can include cold hands and feet, 
constipation, pale, dry skin, a puffy face, hoarseness or unexplained weight gain. Older 
people with an underactive thyroid may exhibit only one symptom, for example, memory 
loss or decreasing mental function.  The treatment of choice for hypothyroidism is the 
drug levothyroxine, which replaces a key missing hormone. Periodic blood tests are 
needed to determine the proper dosage. 
 
Conversely, an overactive thyroid gland also can produce subtle symptoms. They 
typically include an increased heart rate, heat intolerance, weight loss and a 
tendency to tire during ordinary activities. 
 
The most common treatment to reduce thyroid hormone levels involves taking oral doses 
of radioactive iodine. The iodine is absorbed in the thyroid gland and shrinks it. This 
treatment, however, often results in an underactive thyroid, requiring long-term use of 
levothyroxine to replace hormone levels. 

3.3.1   Thyroid disease can affect cholesterol levels  

Date: January 2005, Source: ajc – HealthDay News  
More people have an awareness of cholesterol problems than thyroid problems. Over half 
of the estimated 27 million Americans who suffer under- or overactive thyroid are 
undiagnosed. Thyroid problems can cause blood cholesterol to rise to dangerous levels. 
The hormones that the thyroid gland produces control the metabolic functions for most of 
the body’s cells. 

Thyroxine (T4) - is a global steroid hormone that regulates metabolic rate and indicates 
proper thyroid function.  The synthesis of thyroxine from iodine produces 
hydrogen peroxide as a by-product.  People with hyperthyroid have been shown 
to have signs of accelerated aging. I believe that the generation of H2O2 with 
thryroxine constitutes a prooxidant.  Consequently, I would predict hypothyroidism 
to be an EMOD insufficiency state, with increases in CVD, diabetes, obesity, 
increased infections, arthritis and neoplasia.  



Please remember that in animals which synthesize ascorbic acid, they also 
synthesize a molecule of H2O2 as a by product. 

A very large number of conditions have musculoskeletal manifestations; however, among 
these, true arthritis is the initial manifestation of the underlying illness in only a few. 
These disorders include hypothyroidism, primary hyperparathyroidism, Cushing disease, 
acromegaly, hyperlipidemia, hemochromatosis, and sarcoidosis. Most patients 
complaining of joint pain or ache, muscle pain, or limited range of motion have a primary 
disorder of the joint, such as osteoarthritis. 

The pathogenesis of the arthropathy of hyperlipidemia is not well understood. I 
believe that the hyperlipidimia may act as an EMOD trap and the synovium is 
infiltrated with lipid-laden macrophages, so-called foam cells. Hemochromatosis is a 
genetic disease that results in iron overload secondary to excess absorption of iron from 
the GI tract. Similar to hyperlipidemia, pathological findings are observed in the joints 
of patients with hemochromatosis. Excess iron is found in certain synovial cells, but 
whether or how this finding relates to the joint disease seen clinically is unknown.  

Although the cause of sarcoidosis is unknown, the host immune response clearly plays a 
central role in pathogenesis of the disease. Sarcoidosis is characterized by 
noncaseating granulomas that are widely distributed, including in the lungs, lymph 
nodes, liver, spleen, heart, kidney, bone marrow, pancreas, muscle, joints, and synovium. 
Sarcoid granulomas compress the surrounding tissue and may mediate the disease by 
secreting cytokines, producing constitutional symptoms, and recruiting inflammatory 
cells whose products injure local tissues and elaborate growth factors, which results in 
fibrosis. Functional impairment in sarcoidosis appears to result from both active 
granulomatous disease and secondary fibrosis. I believe that this links arthritis and 
neoplasia. 

Hypothyroidism can present with an arthritis that resembles early rheumatoid 
arthritis (RA). Patients complain of pain and stiffness, including morning stiffness, in a 
distribution similar to that found in RA affecting small joints of the hands and wrists in a 
symmetrical pattern. Unlike most cases of RA, this is not a deforming arthritis.  I believe 
that hypothyroidism and arthritis can be due to EMOD insufficiency, especially 
peroxide. 

Familial hypercholesterolemia may result with a migratory polyarthritis. This may 
resemble postinfectious arthritis.  

Approximately 5-10% of individuals with familial hypercholesterolemia have joint 
involvement.  

Peripheral arthropathy is common in the large joints such as the shoulders and knees. 
Severe osteoarthritis with crepitus and, eventually, pain, limited range of motion, and 
deformity occur with acromegaly.  



In concentrations above 5.10(-7) M thyroxin brought about a delay in chemifluorescence 
development and decreased the slope of semilogarythmic plot of chemifluorescence 
curve at the initial step of the fluorescence slow flash. The antioxidant activity of 
thyroxin was found to be insignificantly lower than that of the well-known 
antioxidant alpha-tocopherol. In lower concentrations (about 1.10(-8) M) the hormone 
can act as prooxidant, the effect being the highest in the case of intact mitochondria 
incubated in the phosphate-containing medium in the presence of Mg2+ ions, and much 
less in the mitochondria treated in hypotonic medium containing Ca2+ ions ([Influence of 
thyroxine on lipid peroxidation in mitochondrial membranes] [Article in Russian] 
Vladimirov IuA, Gusakov VM, Fedorov VK, Sergeev PV. Biull Eksp Biol Med. 1977 
May;83(5):558-61). 

Hashimoto’s disease is a common condition and it’s the leading cause of hypothyroidism.  
About one in every 250 women has or will have it. Apparently, the body’s immune 
system attacks the thyroid gland and eventually, fewer and fewer thyroid gland cells are 
left to make thyroid hormone. Hypothyroidism patients are fatigued, prone to obesity, 
lethargic, cold intolerant, hoarse, dry-skinned, with a dim memory and may develop 
goiter. 

Hashimoto thyroiditis is also known as goitrous chronic thyroiditis. Almost all of these 
patients have positive test results for the antithyroid peroxidase (anti-TPO) antibodies, 
autoantibodies against the thyroid peroxidase enzyme. Of these patients, 50-70% also 
have positive test results for antithyroglobulin antibodies. Extensive lymphocytic 
infiltration, follicular rupture, eosinophilia, varying degrees of hyperplasia, and fibrosis 
are the classic findings upon histologic examination.  

Hypothyroidism in pregnancy is associated with preeclampsia, anemia, postpartum 
hemorrhage, cardiac ventricular dysfunction, spontaneous abortion, low birthweight, 
impaired cognitive development, and fetal mortality. Even mild disease may be 
associated with adverse affects for offspring.  

Hypothyroidism affects 1 in 1600-2000 pregnancies. Hashimoto thyroiditis is the most 
common cause. Because all metabolically active cells require thyroid hormone, the 
effects of hormone deficiency vary. System-wide effects due to derangements in 
metabolic processes or direct effect by myxedematous infiltration of the tissues can 
occur. The myxedematous changes in the heart result in decreased contractility, cardiac 
enlargement, pericardial effusion, decreased pulse, and decreased cardiac output. In the 
GI tract, achlorhydria and decreased intestinal transit with gastric stasis can occur. 
Delayed puberty, anovulation, menstrual irregularities, and infertility are common. 
Decreased thyroid hormone effect can cause increased levels of total cholesterol and 
low-density lipoprotein (LDL) cholesterol and a possible change in high-density 
lipoprotein (HDL) cholesterol. In addition, hypothyroidism may result in an increase 
in insulin resistance. This may link hypothyroidism, EMOD deficiency and diabetes. 

Untreated hypothyroidism and hyperparathyroidism are associated with increased 
cardiovascular mortality. Without proper diagnosis and treatment, Cushing disease also 
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leads to premature cardiovascular disease. Acromegaly is associated with increased 
mortality from both cardiovascular causes and cancer. 

Inflammatory conditions or viral syndromes may be associated with transient 
hypothyroidism (de Quervain or painful thyroiditis, subacute thyroiditis). These are often 
associated with fever, malaise, and a painful and tender gland.  

Up to 10% of postpartum women may develop lymphocytic thyroiditis in the 2-10 
months after delivery. The frequency may be as high as 25% in women with type 1 
diabetes mellitus. The condition is usually transient (2-4 mo) and requires only a short 
course of treatment with levothyroxine (LT4), but postpartum patients with lymphocytic 
thyroiditis are at increased risk of future hypothyroidism. Occasionally, the 
hypothyroidism is permanent. High titers of anti-TPO antibodies during pregnancy have 
been reported to be 97% sensitive and 91% specific for postpartum autoimmune thyroid 
disease.  

3.3.2  Hypothyroidism  

Hypothyroidism is a condition where the thyroid produces too little thyroid hormone 
causing the body to slow down, hair becomes brittle, skin becomes dry and person is 
more sensitive to the cold. This can increase cholesterol levels as the liver’s ability to 
process the blood is inhibited. Hypothyroidism follows diet as the leading causes of high 
cholesterol which can lead to heart disease. 80% of thyroid disease sufferers are women 
with pregnant women and elderly women more prone. 1 in 50 pregnant US women 
are diagnosed with hypothyroidism and 5-17% are diagnosed with the condition 
after birth. Treatment of the thyroid condition easily fixes the cholesterol problem. 

3.3.3   Hypothyroidism may be linked to heart disease 

People who have an underactive thyroid without symptoms appear to have an 
increased risk of heart disease, according to a review of published studies that appear in 
the 7/27/06 issue of American Journal of Medicine. Better studies that include more 
people who have had an episode of coronary heart disease will help confirm these results, 
lead investigator Dr. Nicolas Rodondi told Reuters Health. Dr. Rodondi, of the University 
of Lausanne, Switzerland and colleagues examined data covering thousands of subjects 
taking part in 14 observational studies. 

Overall, subjects with an underactive thyroid without symptoms, also referred to as 
subclinical hypothyroidism, had a 65 percent increased risk of coronary heart 
disease. Hypothyroidism tends to decrease EMODs. I believe that this 
allows the manifestation of atherosclerosis. 

Nine studies included a comparison group without hypothyroidism, matched to the 
hypothyroid group for age and demographic factors -- those with subclinical 
hypothyroidism had an increased risk of 81 percent for heart disease. 



In studies that accounted for the potential influence of the presence of cardiovascular risk 
factors, the heart disease risk in subjects with subclinical hypothyroidism was more than 
doubled. 

However, "in my opinion, the data are not good enough to recommend screening in 
healthy adults without any symptoms," Rodondi added. "Before recommending 
screening," he concluded, "clinical trials are needed to assess whether thyroxine treatment 
reduces the risk of coronary heart disease in subjects with subclinical 
hypothyroidism."SOURCE: American Journal of Medicine, July 27, 2006. Written by By 
David Douglas for Reuters. 

3.3.4   Low thyroid output tied to heart attacks in women 

Women with a slightly underactive thyroid gland appear to be at increased risk for 
death from heart attacks and other types of heart disease, according to findings from 
a Norwegian study reported in the Archives of Internal Medicine, April 28, 2008. 

Emerging evidence suggests that as thyroid function drops, blood pressure and 
cholesterol levels rise as does the risk of heart problems, note Dr. Bjorn O. Asvold at 
Trondheim University Hospital and colleagues. I believe that this is due to the lower 
EMOD levels seen with decreasing prooxidant thyroxine levels. 

Asvold's group investigated the association in a study of 17,311 female and 8002 male 
participants in the Nord-Trondelag Health Study who were free of heart disease, thyroid 
disease, and diabetes when the study began. Subjects were over 40 years old between 
1995 and 1997, when levels of thyrotropin, a hormone that gauges thyroid function, were 
measured. 

During follow-up through 2004, 192 women and 164 men died of heart disease who 
appeared to have normal thyroid function. That is, none of the patients had any signs or 
symptoms of an underactive or overactive thyroid gland. 

Among subjects with seemingly normal thyroid function, women with the least active 
glands were 69 percent more likely to die from heart disease than women with more 
active glands. 

No similar association was seen in men. 

"To our knowledge, no clinical trial has tested whether (treatment with thyroid hormone) 
could protect against heart disease," the authors note. However, there is evidence 
that such treatment can reduce high blood pressure, cholesterol levels, 
and body weight, they add. (Archives of Internal Medicine, April 28, 2008).  This 
was just as I had predicted back in Jan. 2005. 

 



3.3.5   Effect of Thyroid Function on LDL Oxidation 

In this study, the effect of different levels of thyroid hormone and metabolic activity on 
low density lipoprotein (LDL) oxidation was investigated. Thus, in 16 patients with 

hyperthyroidism, 16 with hypothyroidism, and 16 age- and sex-matched healthy 
normolipidemic control subjects, the native LDL content in lipid peroxides, vitamin E, ß-
carotene, and lycopene, as well as the susceptibility of these particles to undergo lipid 

peroxidation, was assessed. Hyperthyroidism was associated with significantly higher 
lipid peroxidation, as characterized by a higher native LDL content in lipid peroxides, a 
lower lag phase, and a higher oxidation rate than in the other two groups. This elevated 
lipid peroxidation was associated with a lower LDL antioxidant concentration. 
Interestingly, hypothyroid patients showed an intermediate behavior. In fact, in 
hypothyroidism, LDL oxidation was significantly lower than in hyperthyroidism but 
higher than in the control group. Hypothyroidism was also characterized by the highest ß-
carotene LDL content, whereas vitamin E was significantly lower than in control 
subjects. In hyperthyroidism but not in the other two groups, LDL oxidation was strongly 
influenced by free thyroxine blood content. In fact in this group, the native LDL lipid 
peroxide content and the lag phase were directly and indirectly, respectively, related to 
free thyroxine blood levels. On the contrary, in hypothyroidism LDL oxidation was 
strongly and significantly related to serum lipids. In conclusion, both hypothyroidism and 
hyperthyroidism are characterized by higher levels of LDL oxidation when compared 

with normolipidemic control subjects. In hyperthyroid patients, the increased lipid 
peroxidation was strictly related to free thyroxine levels, whereas in hypothyroidism 
it was strongly influenced by serum lipids (Effect of Thyroid Function on LDL 
Oxidation. Fabrizio Costantini et al. Arteriosclerosis, Thrombosis, and Vascular Biology. 
1998;18:732-737). 

Thyroid hormones play a crucial role in the regulation of mitochondrial oxidative 

metabolism; the synthesis and degradation of proteins and vitamins, such as vitamin E, 
vitamin A, and ß-carotene; the sensitivity of tissues to catecholamines; and the regulation 
of antioxidant enzyme levels (Asayama K, Kato K. Oxidative muscular injury and its 
relevance to hyperthyroidism. Free Radic Biol Med. 1990;8:293–303).  

Overt hyperthyroidism and hypothyroidism represent opposite clinical conditions 
characterized respectively by enhanced oxidative metabolism and reduced lipid and 
lipoprotein plasma levels and by reduced oxidative metabolism and markedly increased 
lipid and lipoprotein plasma levels. The hypermetabolic state that characterizes 
hyperthyroidism should accelerate free radical production in the mitochondria and 
induce changes in the antioxidant defense system (Asayama K, Dobashi K, Hayashibe 
H, Megata Y, Kato K. Lipid peroxidation and free radical scavengers in thyroid 
dysfunction in the rat: a possible mechanism of injury to heart and skeletal muscle in 
hyperthyroidism. Endocrinology. 1987;121:2112–2118) (Pereira B, Rosa LF, Safi DA, 
Bechara EJ, Curi R. Control of superoxide dismutase, catalase and glutathione peroxidase 
activities in rat lymphoid organs by thyroid hormones. J Endocrinol. 1994;140:73–77).  



In contrast, the metabolic suppression brought about by hypothyroidism is associated 
with a decrease in free radical production, and it has also been suggested that 
hypothyroidism protects tissues against acceleration of lipid peroxidation (Pereira B, 
Rosa LF, Safi DA, Bechara EJ, Curi R. Control of superoxide dismutase, catalase and 
glutathione peroxidase activities in rat lymphoid organs by thyroid hormones. J 
Endocrinol. 1994;140:73–77) (Swaroop A, Ramasarma T. Heat exposure and 
hypothyroid conditions decrease hydrogen peroxide generation in liver 
mitochondria. Biochem J. 1985;226:403–408) (Paller MS. Hypothyroidism protects 
against free radical damage in ischemic acute renal failure. Kidney Int. 1986;29:1162–
1166).  

Increasing experimental and epidemiological evidence shows that high oxidative stress 
status favors oxidative modifications of LDL and plays an important role in the 
development of atherosclerosis. I do not agree with this supposition.  

Nevertheless, hypothyroidism but not hyperthyroidism represents an 

important risk factor for atherosclerosis and coronary heart disease 
(Staubb JJ, Althaus BU, Engler H, Ryff AS, Trabucco P, Marquardt K, Burckhardt D, 
Girard J, Weintraub BD. Spectrum of subclinical and overt hypothyroidism: effect on 
thyrotropin, prolactin, and thyroid reserve, and metabolic impact on peripheral target 
tissues. Am J Med. 1992;92:631–642). This is just as I had predicted.  Decreased 
EMOD levels leads to increased risk of arteriosclerosis, because thyroid hormone is 
a prooxidant.   

3.3.6   Hyperthyroidism  

Hyperthyroidism can result in an artificially lowered cholesterol level. Thus when 
hyperthyroidism treatment must be carefully monitored to ensure the cholesterol level 
does not increase as the treatment takes effect. Most thyroid disease cases are genetic and 
only diet can have any preventative effect at all. However, thyroid disease is easily 
treated with and inexpensive medication which has no side effects. Diagnosis involves a 
blood test. 

Hypothyroidism is linked to an increased risk of cardiovascular disease due to its 
effect on elevating blood cholesterol and homocysteine levels. Homocysteine and 
cholesterol are made by cells of the body, but are influenced by diet and have a positive 
effect on developing atherosclerosis and cardiac disease. They can be tested for with 
specific blood tests and a well balanced diet with vitamin supplements (folate, vitamin B6 
and 12), and occasionally medications are required to control excess levels. 

High cholesterol can be caused by a number of factors, including familial tendency, and 
secondary causes like diabetes, hypothyroidism, diet and use of steroids (RMH Note:  
All of these tend to decrease EMOD levels.). Hypothyroidism can present as cold 
weather sensitivity, lethargy (lack of exercise), weight gain (obesity), dry skin, hoarse 
voice, menstrual irregularities and constipation. Thyroxine, requires H2O2 for 
formation and is a hormone produced by the thyroid which is involved in the 



maintenance of cholesterol and fats in the body. High cholesterol increases a person's risk 
for atherosclerosis which goes on to cause heart attacks and strokes. Hypothyroidism can 
be treated with hormone supplementation. High cholesterol can be treated with diet and 
exercise as well as medications and correcting hypothyroidism if it is present. 

Hypothyroidism has many causes with the most common being Hashimoto's thyroiditis, 
which is an auto-immune condition where the body targets the thyroid to be destroyed by 
disease fighting cells. It is a commonly confused identity as people come to terms with 
the constant struggle of daily life and disregard their symptoms of fatigue and hair loss to 
be due to stress. 

3.4.0  Thyroid cancer and hydrogen peroxide 

Thyroid malignancy occurs with relative infrequency in the United States.  Thyroid 
cancers represent approximately 1% of new cancer diagnoses each year. Approximately 
23,500 cases of thyroid cancer are diagnosed yearly in the United States. The incidence 
of thyroid malignancies is 3 times higher in women than in men. The incidence of this 
disease peaks in the third and fourth decades of life.  

3.4.1   Hydrogen peroxide’s crucial role in thyroid function 

Some of the following was excerpted, abstracted or modified from:  Roles of hydrogen 
peroxide in thyroid physiology and disease. Y. SONG, et al. J Clin Endocrin Metab. First 
published ahead of print July 31, 2007 as doi:10.1210/jc.2007-0660.  The Journal of 
Clinical Endocrinology & Metabolism Vol. 92, No. 10 3764-3773. 
 
The long lived thyroid cell generates, for the synthesis of thyroid 
hormones, important amounts of H2O2 which are toxic in other cell types.  In 
humans, H2O2 production by DUOXes and consequently thyroid  hormone synthesis by 
thyroperoxidase are controlled by the phospholipase C-Ca2+-diacylglycerol arm of TSH 
receptor action. H2O2 in various cell types, and presumably in thyroid cells, is a signal, 
and a mitogen, a mutagen, a carcinogen, and a killer.  (RMH Note:  Statements such 
as this are absurd.  All of us would have cancer of the thyroid if this were true, but 
we do not!).  These authors proposed that various pathologies can be explained, at least 
in part, by overproduction and lack of degradation of H2O2  (tumorigenesis, 
myxedematous cretinism, thyroiditis) and by failure of the H2O2 generation or its positive 
control system (congenital hypothyroidism).  I believe that they set out with the bias 
that peroxide is harmful and deadly.  Whereas, in reality, peroxide is essential. 
 
Since the pioneering work of Mukherjee and C. Dehaen on insulin induced generation of 
H2O2 (May JM, de Haen C. The insulin-like effect of hydrogen peroxide on pathways of 
lipid synthesis in rat adipocytes. J Biol Chem 1979; 254(18):9017-9021), the role of 
this molecule as an intracellular signal, at first controversial, has 
become widely accepted (Mukherjee SP, Lane RH, Lynn WS. Endogenous 
hydrogen peroxide and peroxidative metabolism in adipocytes in response to insulin and 
sulfhydryl reagents. Biochem Pharmacol 1978; 27(22):2589-2594) (Rhee SG, Kang SW, 



Jeong W, Chang TS, Yang KS, Woo HA. Intracellular messenger function of hydrogen 
peroxide and its regulation by peroxiredoxins. Curr Opin Cell Biol 2005; 17(2):183-189).  
 
In vertebrates, H2O2 is generated in response to insulin and growth factors in many 
systems.  The cellular H2O2 generating systems belong to the family of NOX 
(NADPH oxidase) enzymes. These enzymes produce H2O2 or the O2 superoxide O2-, 
which is rapidly converted to H2O2 by superoxide dismutases.  Intracellular H2O2 is 
also generated by intracellular metabolism, for instance by mitochondria and 
peroxisomes presumably as a byproduct. The former process is enhanced by a blockade 
of the electron transport chain.  
 
At physiological levels (1 to 10µM extracellular) H2O2 enhances proliferation in a 
variety of vertebrate cells as well as overexpression of NOXes (Stone JR. An assessment 
of proposed mechanisms for sensing hydrogen peroxide in mammalian systems. Arch 
Biochem Biophys 2004; 422(2):119-124).  
 
Conversely, intracellular and even extracellular catalase may inhibit proliferation. 
Several biochemical effects of H2O2 account for its activation of cell proliferation: 
activation of the growth receptors tyrosine kinases pathways by direct inhibition of 
protein thyrosine phosphatases , and by activation of kinases such as Src kinase, 
stimulation of the PI3 kinase pathway through activation of PI3 kinase  or inhibition of 
PIP3 phosphatase PTEN, activation of cyclin dependent kinases and of the degradation of 
inhibitors of these kinases etc.  
 
In the case of PDGF and arterial cells, the in vivo role of H2O2 is supported by the fact 
that the signaling is suppressed by overexpression of peroxiredoxin and enhanced in 
peroxiredoxin knockout cells (Choi MH, Lee IK, Kim GW, Kim BU, Han YH, Yu DY, 
Park HS, Kim KY, Lee JS, Choi C, Bae YS, Lee BI, Rhee SG, Kang SW. Regulation of 
PDGF signalling and vascular remodelling by peroxiredoxin II. Nature 2005; 435(7040) 
:347-353). 
 
Through its stimulatory effect on various kinase pathways (e.g. JNK, p38…) and 
through oxidized thioredoxin, H2O2 stimulates transcription factors such as NF-KB, 
AP1, p53 and induces specific protective genes  but also directly or indirectly many 
other genes. H2O2 acts as an intracellular and extracellular NO oxidizer and alleged 
destructor and as an extracellular paracrine vascular activator. 
 
H2O2 has several other roles than signalling in normal cell biology. It is produced as 
a toxic (protective) metabolite in host defense by polymorphonuclear neutrophils, 
monocytes and macrophages; it may have a similar role in gastrointestinal mucosa 
and lung epithelium. It is used as a cofactor for iodide oxidation and thyroid 
hormone synthesis in thyroid and for protein cross linking and cuticle formation in 
insects (Bedard K, Krause KH. The NOX family of ROS-generating NADPH oxidases: 
physiology and pathophysiology. Physiol Rev 2007; 87(1):245-313).  
 



It is therefore very probable, that different NOXes and peroxidases regulation and 
structural organization correspond to these different physiological functions. One 
example is the necessary role of Rac1 in the activation of most Noxes but not thyroid 
DUOXES (dual oxidase) (Fortemaison N, Miot F, Dumont JE, Dremier S. Regulation of 
H2O2 generation in thyroid cells does not involve Rac1 activation. Eur J Endocrinol 
2005; 152(1):127-133).  This paper points out the crucial role of peroxide in normal 
thyroid functioning.  It discounts the negative aspects of peroxide in doing so.  
 
3.4.2   Peroxide levels and peroxide scare tactics 
 
The levels of H2O2 reached physiologically in cells vary from a low 
0.001µM to a maximum of 0.7µM.  
 
When H2O2 is applied to the exterior of cultured cells the intracellular concentrations are 
approximately 10 fold lower than the extracellular concentrations (Stone JR. An 
assessment of proposed mechanisms for sensing hydrogen peroxide in mammalian 
systems. Arch Biochem Biophys 2004; 422(2):119-124) (Stone JR, Yang S. Hydrogen 
peroxide: a signaling messenger. Antioxid Redox Signal 2006;8(3-4):243-270).  
 
As there are great variations in the rate of H2O2 degradation in different cell types 
and models, it is difficult to compare concentration effect relations. In most cell cultures 
H2O2 in the medium disappears in less than one hour.  At higher concentrations than 
those which have a signaling role, H2O2 induces oxidative stress, DNA oxidation and 
damage, and consequent mutagenesis and apoptosis. For the phagocytes H2O2 has 
been designated as “The Enemy Within” (Splettstoesser WD, Schuff-Werner P. 
Oxidative stress in phagocytes--"the enemy within". Microsc Res Tech 2002; 57(6):441-
455).  This so-called “enemy within” is the very thing responsible for the protective 
effects of the phagocytes.  I believe that it is our best friend and not our worst 
enemy.  This is just more nonsense/nonscience. 
 
Oxidative stress involves the oxidation of various cellular components, proteins, lipids, 
nucleic acids, etc. The accumulation of oxidatively damaged proteins accelerates 
chaperone mediated autophagy which will degrade them. Oxidative damage to DNA 
produces adducts (including 8-oxo-deoxyguanosine and thymine glycol), single-strand 
breaks and at high levels double-strand breaks. Positive Comet assays demonstrate these 
breaks. The half life of these damages varies for the various lesions (from 9 to 62 min for 
the adducts, more for the breaks). The positive Comet assays for thyroid cells incubated 
with H2O2 50µM disappear by 80% in 2 hours.  Mutagenesis, if it leads to constitutive 
activation of a protooncogene or to inactivation of tumor suppressor genes is 
carcinogenic, especially if it is combined to a proliferative effect. Thus H2O2 is 
carcinogenic and has been found to play a role in several human cancers (Quinn MT, 
Ammons MC, Deleo FR. The expanding role of NADPH oxidases in health and 
disease: no longer just agents of death and destruction. Clin Sci (Lond) 2006; 111(1):1-
20)  even if it may not be sufficient (Halliwell B. Oxidative stress and cancer: have we 
moved forward? Biochem J 2007; 401(1):1-11).  The suggestion that peroxide is a 
carcinogen is purely speculative.  If it were a fact, then all cells which contain 



peroxide would become cancers and that would be all aerobic cells.  That is not the 
case in the living/breathing cell. Also, organs such as the thyroid, which synthesize 
peroxide, have low risks of neoplasia. 
 
Conversely, in some studies, selenium, the essential constituent of protective enzymes, 
prevents tumor development in rats submitted to chemical carcinogenesis. Lack of 
protective systems in knockout mice such as lack of peroxiredoxin or glutathione 
peroxidases indeed leads to malignant cancers. Transfection of an H2O2 generating 
system transforms epithelial cells (Chu R, Lin Y, Reddy KC, Pan J, Rao MS, Reddy JK, 
Yeldandi AV. Transformation of epithelial cells stably transfected with H2O2-generating 
peroxisomal urate oxidase. Cancer Res 1996; 56(21):4846-4852.).  Also, lack of EMODs 
leads to immunoinsufficiency and neoplasia. 
 
High level acute H2O2 treatment of various cells in vitro leads to apoptosis (Reinehr R, 
Becker S, Eberle A, Grether-Beck S, Haussinger D. Involvement of NADPH oxidase 
isoforms and Src family kinases in CD95-dependent hepatocyte apoptosis. J Biol 
Chem 2005; 280(29):27179-27194). 
 
Chronic H2O2 administration at low levels induces senescence in cultured cells in vitro in 
human fibroblasts (Duan J, Duan J, Zhang Z, Tong T. Irreversible cellular senescence 
induced by prolonged exposure to H2O2 involves DNA-damage-and-repair genes and 
telomere shortening. Int J Biochem Cell Biol 2005; 37(7):1407-1420) (Groemping Y, 
Rittinger K. Activation and assembly of the NADPH oxidase: a structural perspective. 
Biochem J 2005; 386(Pt 3):401-416).  
 
H2O2 favors inflammation (Poljak A, Grant R, Austin CJ, Jamie JF, Willows RD, 
Takikawa O, Littlejohn T.K, Truscott RJ, Walker MJ, Sachdev P, Smythe GA. Inhibition 
of indoleamine 2,3 dioxygenase activity by H2O2. Arch Biochem Biophys 2006; 450(1) 
:9-19) and its inhibitory effect on indoleamine dioxygenase, which by depriving 
lymphocytes of tryptophane is immunosuppressive, would enhance immune reactions. 
 
It is therefore not astonishing that even in relatively short lived (7 hours) neutrophils 
and macrophages, H2O2 generation is tightly regulated by a synergic two pronged 
mechanism involving both intracellular calcium and diacylglycerol protein kinase C 
(Zhang B, Hirahashi J, Cullere X, Mayadas TN. Elucidation of molecular events leading 
to neutrophil apoptosis following phagocytosis: cross-talk between caspase 8, reactive 
oxygen species, and MAPK/ERK activation. J Biol Chem 2003; 278(31):28443-28454) 
(Groemping Y, Rittinger K. Activation and assembly of the NADPH oxidase: a structural 
perspective. Biochem J 2005; 386(Pt 3):401-416). 

3.4.3   Role of peroxide in the thyroid  

Until now, no signalling role of H2O2 has been demonstrated directly in the thyroid. Such 
a role can however be inferred from general work on other cell types. To synthesize 
thyroid hormones, the thyrocyte takes up iodide from the blood and extracellular fluid 
and oxidizes it to bind it to selected tyrosines of thyroglobulin. Iodide is actively 
transported by the Na+/I- symporter (NIS) in the cell at the basal membrane and leaked 



out along the electrical gradient (from the negative interior to the positive exterior) by an 
iodide channel at the apical membrane. Pendrin is a candidate for this role. Iodide in the 
follicular lumen is oxidized at the apical membrane by thyroperoxidase (TPO) using 
H2O2 as other substrate. The latter originates from an H2O2 generating system whose 
main enzymes are the recently cloned thyroid DUOX1 and DUOX2. In other words, 
peroxide is synthesized by the thyroid. 

Oxidized iodide is linked covalently to tyrosines of thyroglobulin by TPO. The same 
system, by an oxidizing reaction, links covalently some iodotyrosines into iodothyronines 
within thyroglobulin. H2O2 is produced in large excess compared to the 
amounts of iodide incorporated into proteins. This may be necessary owing to 
the relatively high Km of TPO for H2O2. It is interesting that iodide leakage, i.e. 
presumably the iodide channel which releases iodide at the apical membrane, is acutely 
regulated by the same cascades and with the same timing as H2O2 generation (Raspe E, 
Dumont JE. Control of the dog thyrocyte plasma membrane iodide permeability by the 
Ca2+-phosphatidylinositol and adenosine 3',5'-monophosphate cascades. Endocrinology 
1994; 135(3):986-995). 
 
While DUOX1 and/or DUOX2 are expressed in several organs (e.g. gastrointestinal  
mucosa, lung, epithelium, oocyte, etc), TPO is specific for the thyroid. The TPO like 
Nterminal domain of DUOX lacks the histidines which link the heme group in 
peroxidases , and therefore presumably does not have any peroxidase activity. The 
specificity of the thyrocyte thyroid hormone synthesis machinery therefore rests on TPO. 
 
Thus, the normal physiology of the thyroid cell requires the generation of H2O2 by 
DUOXes and not O2 - as for other NOXes. DUOX1 and/or DUOX2 are 
responsible for the generation of H2O2, as demonstrated in transfected cells 
expressing both DUOX and DUOXA.  The defect in iodide organification in congenital 
inactivation of DUOX2 shows that this isozyme is fully necessary for H2O2 generation 
(Ris-Stalpers C. Physiology and pathophysiology of the DUOXes. Antioxid Redox Signal 
2006; 8(9-10) :1563-1572). 
 
In thyrocytes of most species including humans and pigs, TSH and its receptor activate 
both Gs and Gq, i.e. the cAMP and the PIPCa++ signalling cascades. In such thyrocytes, 
the cAMP cascade inhibits, while the PIP2-Ca++ cascade activates H2O2 generation, 
iodide binding to proteins, and thyroid hormone formation; the cAMP cascade activates 
secretion. In dog thyrocytes, in which the TSH receptor does not activate Gq, cAMP 
activates both H2O2 generation and thyroid hormone synthesis and the secretion of these 
hormones. In all species studied, iodide at high concentrations presumably through an 
iodinated lipid, iodohexadecanal, inhibits H2O2 generation (the Wolff Chaikoff 
effect) and adenylate cyclase.  The main location of TPO and iodination and therefore 
presumably DUOX is thus in the microvillae membranes. Such a localization already 
appears, early in evolution, in the endostyle of larval amphioxus. In lung epithelium and 
in the gastrointestinal mucosa DUOX also preferentially localizes at the brush border. 
 
 



3.4.4   Peroxide thyroid cell toxicity 
 
H2O2 generation in the thyroid is quantitatively important, especially in stimulated 
cells. It is of the same order as the production of activated leucocytes.  
 
Stimulated dog thyroid slices, FRTL5 and PCCl3 rat thyroid cell lines produce 
around 6, pig thyroid slices and thyroid cells in primary cultures around 10 and 
human leukocytes around 17nmoles of H2O2/10min/10µg DNA (Bjorkman U, Ekholm 
R. Hydrogen peroxide generation and its regulation in FRTL-5 and porcine thyroid cells. 
Endocrinology 1992; 130(1):393-399) (Corvilain B, Collyn L, Van Sande J, Dumont JE. 
Stimulation by iodide of H2O2 generation in thyroid slices from several species. Am J 
Physiol Endocrinol Metab 2000; 278(4):E692-E699)  (Ruch W, Cooper PH, Baggiolini 
M. Assay of H2O2 production by macrophages and neutrophils with homovanillic acid 
and horse-radish peroxidase. J Immunol Methods 1983; 63(3):347-357).  
 
However, while an activated leukocyte lives a few hours, the life of the thyrocyte in 
human adult is of seven years (Coclet J, Foureau F, Ketelbant P, Galand P, Dumont JE. 
Cell population kinetics in dog and human adult thyroid. Clin Endocrinol (Oxf) 1989; 
31(6):655-665) (Saad AG, Kumar S, Ron E, Lubin JH, Stanek J, Bove KE, Nikiforov 
YE. Proliferative activity of human thyroid cells in various age groups and its correlation 
with the risk of thyroid cancer after radiation exposure. J Clin Endocrinol Metab 2006; 
91(7):2672-2677).  
 
Thus the thyroid cells may be exposed to high doses of H2O2 and have to adapt to it. 
 
H2O2 exerts on thyrocytes the same alleged toxicity as on other cell types. In dog and 
human thyrocytes in primary culture, H2O2 at concentrations below 0.1mM induces 
DNA single strand breaks as demonstrated by the Comet assay at alkaline pH. 
Presumably some of these correspond to the repair of 8-oxo-guanine bases. Such strand 
breaks are mostly repaired in 2 hours.   
 
At higher concentration (0.1mM and above) H2O2 induces DNA double-strand 
breaks as demonstrated by the Comet assay at neutral pH and by the immuno-detection 
of the phosphorylation of histone H2AX on serine 139 by Western Blotting. In PCCl3 
cell lines, as in other cells, the majority of the breaks are fully repaired after 18 hours 
(Mondello,C, Driessens,N. unpublished). Such effects are, when they are not or badly 
repaired, potentially mutagenic. Similarly Tgα1B AR thyroid transgenic mice, with 
constitutive activation of a mutated α1B adrenergic receptor and thus of both the cAMP 
and the PIP3 Ca++ cascade have increased H2O2 generation. They exhibit thyroid cell 
mortality and later tumorigenesis (Ledent C, Denef JF, Cottecchia S, Lefkowitz R, 
Dumont J, Vassart G, Parmentier M. Costimulation of adenylyl cyclase and 
phospholipase C by a mutant alpha 1B-adrenergic receptor transgene promotes malignant 
transformation of thyroid follicular cells. Endocrinology 1997; 138(1):369-378). 
 
At high concentration (above 0.1 mM) H2O2 induces apoptosis in thyroid cells and 
at even higher levels (above 0.4 mM) necrosis, an effect which is potentiated by 



selenium deprivation and consequent glutathione peroxidase depletion (Demelash A, 
Karlsson JO, Nilsson M, Bjorkman U. Selenium has a protective role in caspase-3-
dependent apoptosis induced by H2O2 in primary cultured pig thyrocytes. Eur J 
Endocrinol 2004; 150(6):841-849) (Riou C, Remy C, Rabilloud R, Rousset B, Fonlupt P. 
H2O2 induces apoptosis of pig thyrocytes in culture. J Endocrinol 1998; 156(2):315-322). 
 
TPO, in the presence of I-, oxidizes I- and in doing so, as other peroxidases such as 
myeloperoxidase, reduces H2O2. Besides, such enzymes have a “catalase-like” effect: in 
the absence of iodide they oxidize other potential available substrates, depending on their 
specific affinities, and thus catabolize H2O2. Also iodide, at high concentration through 
an iodinated lipid derivative, most probably iodohexadecanal, inhibits H2O2 generation 
by open follicles. On the other side, TPO like other peroxidases may be inactivated by 
excess H2O2. 
 
The NOX2 complex in leucocytes and macrophages is tightly controlled by an on/off 
regulation. H2O2 generation by the thyroid cells in slices is also controlled, but less 
strigently, the basal level of production being less than 1/10 of the stimulated level. 
 
The thyroid cell contains all the biochemical systems which detoxify H2O2 in other cells, 
notably the selenoproteins: glutathione peroxidases (cytoplasmic, plasma and 
phospholipid) and thioredoxin reductases. 
 
In the cell, the GSH peroxidase system plays the major role, at physiological levels of 
H2O2, while catalase with its higher Km and Vmax, allows the cell to metabolize even 
very large, toxic levels of H2O2 (Bjorkman U, Ekholm R. Hydrogen peroxide degradation 
and glutathione peroxidase activity in cultures of thyroid cells. Mol Cell Endocrinol 
1995; 111(1):99-107).  
 
The first system follows Michaelis Menten kinetics while the second follows first order 
kinetics. Peroxiredoxine directly, thioredoxin and metallothioneins indirectly, inactivate 
H2O2. The role of catalase does not appear to be very important as there is no 
thyroid phenotype reported in acatalasemia.  
 
There is no general induction of antioxidant defences by H2O2 in 
mammalian cells. 
 
H2O2 and thyroperoxidase are necessary for the oxidation of iodide and for the synthesis 
of thyroid hormones. In their absence, the thyroid still takes up iodide, but does not 
metabolize it, leading to absence of thyroid hormone synthesis, hypothyroidism and 
consequent high TSH secretion and goiter, a classical congenital hypothyroidism 
category. 
 
I believe that the thyroid is an example of the crucial role of hydrogen peroxide in 
maintaining healthy body homeostasis.  It also shows the low toxicity of peroxide, 
due to the fact that it produces amounts (0.7µM) or levels similar to activated 
neutrophils.  This is incredible and yet, thyroid cancer is a rarity and a thyrocyte 



has a life span of seven years.  I also recall reading that only dogs, which have had 
throidectomies, can be induced to develop atherosclerosis in the lab.  Is this lack of 
peroxide a causative factor for CVD?  Also, far more peroxide is produced than is 
necessary for iodine incorporation.  Why? 

3.5.0   Rheumatoid arthritis and heart disease link  

Date: 28 June 2005, Source: Science Daily, Author: Ray Pregeant  
Heart disease and resulting mortality is increased in people concurrently suffering from 
rheumatoid arthritis according to recent research. Rheumatoid arthritis is an 
autoimmune inflammatory condition of the joints that has extraarticular 
complications including inflammation of the arteries of the body. The inflammation 
of the arteries accelerates the formation of atherosclerosis in the blood vessels that 
predisposes the person to cardiovascular disease, particularly in younger people. Anti-
inflammatory medication that reduces the inflammation in the joint also acts on the blood 
vessels. I believe that low levels of EMODs is the link between arthritis and CVD. 

3.5.1   HIV linked to cardiovascular disease 

Cardiovascular disease is increasingly recognized as a consequence of human 
immunodeficiency virus (HIV) infection in the era of highly active antiretroviral 
therapy (HAART). Dyslipidaemia is also a feature of HIV infection itself and the 
antiretroviral drugs from the protease inhibitor classes. Increased rates of 
atherosclerotic disease and diabetes have been associated with lipodystrophy and 
now from one of the major causes of morbidity in HIV and acquired 
immunodeficiency syndrome (AIDS). This review, based on a multi-database keyword 
search, summarizes the lipid changes observed in the course of HIV infection and its 
treatment, and puts them into the context of other risk factors for cardiac disease, and 
other causes of cardiovascular disease in HIV(Dyslipidaemia and cardiovascular risk in 
HIV infection. R. Kulasekaram et al. Curr Med Res Opin. 2005 Nov;21(11):1717-25). 

3.5.2   Dementia, Type 2 diabetes, vascular disease more prevalent in black 
Americans  

Date: 21 January 2005, Source: USA Today , Author: Janice Billingsley  
America’s black population has the highest incidence of Alzheimer’s of any other 
American group. This is probably due to the fact that black Americans also have 
a greater incidence of type 2 diabetes and vascular diseases such as high 
blood pressure and high cholesterol. Blacks face a 60% higher risk of type 2 
diabetes than whites and 15% greater incidence of hypertension. The Alzheimer’s 
Association claims that hypertension or high cholesterol double the risk of Alzheimer’s 
disease. Studies show that black American’s face a 14-100% greater risk of dementia and 
44% of direct relatives of black Alzheimer’s sufferers also face a risk of dementia. The 
other handicap that black dementia sufferers face is a general mistrust of doctors, lack of 
health care and economic reasons. This leads to later diagnosis and hence a poorer 



outcome. I believe that this is related to decreased EMOD levels and represents a 
part of what I call an EMOD insufficiency syndrome. 

3.5.3   Uterine Cancer Survival Worse for Black Women 

Sept. 25. 2006 (HealthDay News By Leslie Sabbagh) -- Despite similar treatments, black 
women with uterine cancer have higher death rates and shorter survival times than 
white women, new U.S. research shows. Black women lived an average of 10.6 months 
compared to 12.2 months for white women with stage III, IV, or recurrent endometrial 
cancer, which is cancer of the uterine lining. 

"African-American women with advanced endometrial cancer have worse outcomes than 
Caucasians even when they receive equal treatment," said Dr. G. Larry Maxwell, director 
of the Gynecologic Disease Center at Walter Reed Army Medical Center in Washington, 
D.C. The study findings are published in the November, 2006 issue of the journal 
Cancer. 

Maxwell and his co-investigators performed a retrospective analysis of 1,151 patients -- 
169 were black, 982 were white -- enrolled in one of four randomized treatment trials for 
advanced or recurrent endometrial cancer. The analysis showed that black women had a 
26 percent greater risk of death, compared to white women -- even if the stages of disease 
and treatments were similar. Blacks appeared to have lower tumor response to each of 
the chemotherapy regimens used in the trials, according to the study. 

The study researchers looked at chemotherapy, surgery and postoperative radiation 
treatments. "Treatment in the general population may be a factor leading to differences in 
outcomes, but our findings suggested other factors need to be explored," Maxwell said. 
Those factors could include socioeconomic and cultural influences, he said.  

The study is important because it "examines whether racial differences play a role in 
responses to chemotherapy and, most importantly, looks at survival in patients at high 
risk for recurrent endometrial cancer," said Dr. Robert Morgan, section head of medical 
gynecologic oncology at City of Hope cancer center, in Duarte, Calif. The study authors 
looked at patients in clinical trials who received the same treatment. "This is the ideal 
setting to see differences in outcome with equal treatment. African-Americans have 
much worse survival even when we controlled for many prognostic variables that 
ultimately can affect survival," Maxwell said. 

Morgan said the study findings "suggest that the difference in survival is biologic and 
that is consistent with what's reported with multiple other cancers." There may be specific 
genes that mutate at different rates in tumors in blacks compared to whites, suggesting 
that biology -- not socioeconomic or cultural factors -- may explain the difference, 
Maxwell speculated. "Our group is looking at broader analyses of the entire genome," he 
said. 



Morgan said the study findings suggest genetic causes for the differences between the 
races. "Although the authors hypothesize socioeconomic or cultural differences, in these 
well-controlled trials in which the populations are the same, I would be more inclined to 
believe there are biological differences," he added. He said other studies have found 
differences in survival rates between races for other cancers, including breast, 
prostate and "a number of other" malignancies. 

"This study looked at uterine cancer and shows more evidence for potential biologic 
differences between the races. We need to look for a scientific viewpoint focusing on 
genomic differences between racial groups," Morgan said. In the end, however, another 
crucial message is clear, Morgan stressed. "The answer to patients is that early 
detection of endometrial cancer is almost always curative. Women of all races should 
know that if they have postmenopausal bleeding, they should see a gynecologist 
immediately. There is no normal postmenopausal bleeding," he said. 

3.5.4   HIV patients face increased risk of diabetes and dementia  

Date: 14 January 2005, Source: Aidsmap, Author: Edwin J. Bernard  
A study published in the Journal of AIDS reports that HIV patients who develop 
diabetes as a result are more prone to developing HIV-associated dementia also. 
Researchers state that higher fasting glucose levels are responsible for the increased risk 
of dementia and it is thus imperative that optimal blood sugar control is achieved in 
AIDS patients who have diabetes. Research results from another study found that 
diabetes produced a trebled risk of dementia in people without HIV. Unrelated 
studies report that 15% of HIV patients develop dementia and up to 30% develop some 
signs of neurological impairment. Other studies have found that the prevalence of 
diabetes was 2.11 times higher in HIV patients not taking HAART and 5.36 times higher 
in those taking HAART compared to healthy men. More research needs to be done to 
determine the mechanism by which HIV patients are more prone to dementia and 
diabetes.  

3.6.0   EMODs decrease during pregnancy and increase post partum 

I have felt for many years that EMOD levels are decreased during pregnancy to avoid 
apoptosis of developing fetal cells. I believe that the following study supports my 
predictions. It follows that many of the diseases which develop during gestation are 
capable of spontaneous regression following partuition.   

Extensive studies have shown the polymorphonuclear leukocytes (PMN) dysfunction 
inextricably links to parturition. To investigate the effect of parity on PMN function, 
phorbol 12-myristate 13-acetate (PMA) stimulated luminol-amplified chemiluminescence 
(CL) and viability of blood and milk PMN were investigated in primiparous (first time 
mother) and pluriparous dairy cows during periparturient period. Milk PMN CL was 
always lower than blood PMN CL. Blood and milk PMN CL and milk PMN viability 
were significantly higher in primiparous cows throughout the study. Blood PMN CL in 
pluriparous cows showed a sharper decrease. Both in pluriparous and in primiparous 
cows, minimal blood PMN CL appeared at periparturient day (PPD) 2. After PPD 7, 



blood PMN CL recovery rate was faster in primiparous cows. Milk PMN CL was 
minimal at PPD 2 in both groups. The number of circulating eosinophils and immature 
neutrophils was substantially higher in primiparous cows throughout the study. The CL 
kinetics of blood PMN at PPD -2 and 2 and of milk PMN at PPD 2 exhibited different 
responses to PMA, with higher intensity and durability, peaking and subsiding more 
slowly in primiparous dairy cows. The pronounced reduction in PMN CL and 
viability in milk PMN of pluriparous cows may be involved in the underlying 
mechanisms that make these animals more susceptible to periparturient infectious 
diseases (Blood and Milk Neutrophil Chemiluminescence and Viability in Primiparous 
and Pluriparous Dairy Cows During Late Pregnancy, Around Parturition and Early 
Lactation. Jalil Mehrzad, Luc Duchateau, Satu Pyörälä and Christian Burvenich. J. Dairy 
Sci. 85:3268-3276, 2002). I believe that this verifies the reduction of EMOD 
production by PMNs during pregnancy and that it increases following birth.  This 
would explain the self-correction of gestational diabetes, cancers, infections, etc. 
Also, since the fetus has similar qualities to a developing cancer, lower EMOD levels 
would allow for its development.  High EMOD levels would induce apoptosis or fetal 
death. 
 
3.6.1   Cholesterol, an antioxidant, increases during pregnancy 
 
Mr. Patrick O’Brian, a UK obstetrician, said that cholesterol levels naturally increase 
during normal pregnancy.  He made the statement in a 6/17/08 article on the use of statin 
drugs to decrease the need for C-sections (http://news.bbc.co.uk/2/hi/health/7459334.stm) 
This is consistent with my proposal for disease development during pregnancy and the 
spontaneous regression of diseases, such as diabetes and arthritis, in the post partum 
period.  
 
3.6.2   Pregnancy neutrophils cannot be fully activated for oxidant production 
 
Pregnancy is a unique immunological state. Pregnancy neutrophils differ from those of 
non-pregnant women as they cannot be fully activated for oxidant production, but 
yet have higher levels of unstimulated oxidant production. Although reduced 
activation is due to decreased hexose monophosphate shunt activity, the mechanism 
enhancing basal oxidant levels is unknown. Kindzelskii et al hypothesize that 
myeloperoxidase (MPO) trafficking affects the basal oxidant release by maternal 
neutrophils. Immunofluorescence microscopy has demonstrated MPO at the surface of 
pregnancy neutrophils, whereas non-pregnancy cells do not exhibit surface MPO. 
Adherent pregnancy neutrophils were characterized by high-amplitude metabolic 
oscillations, which were blocked by MPO inactivation. Conversely, metabolic oscillatory 
amplitudes of control neutrophils were heightened by incubation with PMA or exogenous 
MPO. Importantly, MPO decoration of cell surfaces and high-amplitude metabolic 
oscillations were observed for neutrophils from pregnant but not from non-pregnant mice. 
However, cells from pregnant MPO knockout mice did not exhibit MPO expression or 
high-amplitude metabolic oscillations. Unstimulated neutrophils from pregnant 
women were found to release reactive oxygen metabolites (ROM) and reactive 
nitrogen intermediates (RNI), but cells from non-pregnant women did not. 

http://news.bbc.co.uk/2/hi/health/7459334.stm


MPO inhibition returned ROM and RNI formation to non-pregnant levels. Hence, 
MPO trafficking influences metabolic activity and oxidant production in pregnancy 
(Myeloperoxidase accumulates at the neutrophil surface and enhances cell metabolism 
and oxidant release during pregnancy. Al Kindzelskii et al Eur J Immunol. 2006 
Jun;36(6):1619-28).  I believe that this indicates that it may be the total oxidative 
capacity which is decreased during pregnancy, since there appears to be higher 
levels of unstimulated oxidant production.  In short, their ability to generate high 
oxidant levels from PMNs is reduced, which is one of the major sources for EMOD 
production.  The PMN may be an excellent bellweather for maximal EMOD 
production. 
 
3.7.0   EMODs important signaling agents 

Some of the following material was abstracted, excerpted or modified from:  Reactive 
Oxygen Species Differentially Affect T Cell Receptor-signaling Pathways. Saso 
Cemerski, Alain Cantagrel, Joost P. M. van Meerwijk, and Paola Romagnoli. J. Biol. 
Chem., Vol. 277, Issue 22, 19585-19593, May 31, 2002. 
 
T lymphocyte hyporesponsiveness is observed in several human pathologies including 
cancer, rheumatoid arthritis, leprosy, and AIDS. In other words, they have lost part of 
their prooxidant protective system. 

Although they are well known for their destructive effect on biomolecules, reactive 
oxygen species (ROS) are more and more accepted as necessary constituents in 
signaling pathways and modulators of responses in physiological and pathological 
conditions (Schreck, R., and Baeuerle, A. (1991) Trends Cell Biol. 1, 39-42).  

It has been shown that ROS are produced in muscular cells upon binding of ligands 
such as angiotensin II (Griendling, K. K., Minieri, C. A., Ollerenshaw, J. D., and 
Alexander, R. W. (1994) Circ. Res. 74, 1141-1148).  

In addition, ROS production has been documented in a number of cells stimulated 

with cytokines such as tumor necrosis factor- , transforming growth factor- , and 
interleukin-1  (Ohba, M., Shibanuma, M., Kuroki, T., and Nose, K. (1994) J. Cell Biol. 
126, 1079-1088) (Lo, Y. Y., and Cruz, T. F. (1995) J. Biol. Chem. 270, 11727-11730) 
(Thannickal, V. J., Aldweib, K. D., and Fanburg, B. L. (1998) J. Biol. Chem. 273, 23611-
23615) and growth factors such as bovine fibroblast growth factor, nerve growth 
factor, platelet-derived growth factor, and epidermal growth factor (Sundaresan, M., 
Yu, Z. X., Ferrans, V. J., Irani, K., and Finkel, T. (1995) Science 270, 296-299) 
(Sundaresan, M., Yu, Z. X., Ferrans, V. J., Sulciner, D. J., Gutkind, J. S., Irani, K., 
Goldschmidt-Clermont, P. J., and Finkel, T. (1996) Biochem. J. 318, 379-382) (Bae, Y. 
S., Kang, S. W., Seo, M. S., Baines, I. C., Tekle, E., Chock, P. B., and Rhee, S. G. (1997) 
J. Biol. Chem. 272, 217-221) (Suzukawa, K., Miura, K., Mitsushita, J., Resau, J., Hirose, 
K., Crystal, R., and Kamata, T. (2000) J. Biol. Chem. 275, 13175-13178).  



In T cells, it has been reported that the radical scavenger N-acetyl cysteine (NAC) 
inhibited the activation of NF- B by phorbol 12-myristate 13-acetate, tumor necrosis 
factor- , and interleukin-1, strongly supporting the idea that oxygen radicals are 
implicated in physiological activation processes (Schreck, R., Rieber, P., and Baeuerle, 
P. A. (1991) EMBO J. 10, 2247-2258) (Staal, F. J., Roederer, M., and Herzenberg, L. A. 
(1990) Proc. Natl. Acad. Sci. U. S. A. 87, 9943-9947).  

Reactive oxygen species trigger several proximal and distal signaling pathways in T 
lymphocytes, affect the activities of transcription factors, and lead to expression of 
specific genes (Allen, R. G., and Tresini, M. (2000) Free Radic. Biol. Med. 28, 463-499).  

In Jurkat T cells ROS induce increases in protein tyrosine phosphorylation and 
activity of p56lck, ZAP-70, and protein kinase C as well as elevations in intracellular 

Ca2+ levels (Hardwick, J. S., and Sefton, B. M. (1995) Proc. Natl. Acad. Sci. U. S. A. 92, 
4527-4531) (Schieven, G. L., Mittler, R. S., Nadler, S. G., Kirihara, J. M., Bolen, J. B., 
Kanner, S. B., and Ledbetter, J. A. (1994) J. Biol. Chem. 269, 20718-20726) (Nakamura, 
K., Hori, T., Sato, N., Sugie, K., Kawakami, T., and Yodoi, J. (1993) Oncogene 8, 3133-
3139) (Whisler, R. L., Newhouse, Y. G., Beiqing, L., Karanfilov, B. K., Goyette, M. A., 
and Hackshaw, K. V. (1994) Lymphokine Cytokine Res. 13, 399-410).  

ROS are known to mediate the activation of NF- B (Nakamura, K., Hori, T., Sato, N., 
Sugie, K., Kawakami, T., and Yodoi, J. (1993) Oncogene 8, 3133-3139) (Schieven, G. L., 
Kirihara, J. M., Myers, D. E., Ledbetter, J. A., and Uckun, F. M. (1993) Blood 82, 1212-
1220) (Livolsi, A., Busuttil, V., Imbert, V., Abraham, R. T., and Peyron, J. F. (2001) Eur. 
J. Biochem. 268, 1508-1515), but chronic exposure to ROS inhibits NF- B 

phosphorylation and activation (Flescher, E., Ledbetter, J. A., Schieven, G. L., Vela-
Roch, N., Fossum, D., Dang, H., Ogawa, N., and Talal, N. (1994) J. Immunol. 153, 4880-
4889) (Lahdenpohja, N., Savinainen, K., and Hurme, M. (1998) J. Immunol. 160, 1354-
1358).  

3.7.1   T lymphocytes maintain an oxidative milieu 

The maintenance of both intra- and extracellular reducing conditions is a prerequisite for 
the proper functioning of T lymphocytes. Normally, T cells control the intracellular redox 
balance through various cytosolic anti-oxidant systems. However, the T cell 
microenvironment is always pushed to oxidation by various factors, one 
of which is the production of ROS by neutrophils and macrophages at the site of 
inflammation (Angelini, G., Gardella, S., Ardy, M., Ciriolo, MR., Filomeni, G., DI, 
Trapani, G., Clarke, F., Sitia, R., and Rubartelli, A. (2002) Proc. Natl. Acad. Sci. U. S. A. 
99, 1491-1496). It has been estimated that in the microenvironment of 
these cells the concentration of hydrogen peroxide can reach 10-100 µM 
(Nathan, C. F., and Root, R. K. (1977) J. Exp. Med. 146, 1648-1662) (Keisari, Y., Braun, 
L., and Flescher, E. (1983) Immunobiology 165, 78-89) (Lander, H. M. (1997) FASEB J. 
11, 118-124). 



This oxidative milieu can become chronic if inflammation persists and macrophages and 
neutrophils are continuously recruited. The generation of an oxidative environment has a 
strong influence on T lymphocytes. It has been shown that T cells isolated from 
patients affected with rheumatoid arthritis, cancer, leprosis, or AIDS show altered 
functional properties (Miescher, S., Stoeck, M., Qiao, L., Barras, C., Barrelet, L., and 
von Fliedner, V. (1988) Int. J. Cancer 42, 659-666) (Salmon, M., and Bacon, P. A. 
(1988) Clin. Exp. Immunol. 71, 79-84) (Clerici, M., Stocks, N. I., Zajac, R. A., Boswell, 
R. N., Lucey, D. R., Via, C. S., and Shearer, G. M. (1989) J. Clin. Invest. 84, 1892-1899) 
(Ottenhoff, T. H. (1994) Int. J. Lepr. Other Mycobact. Dis. 62, 108-121). I believe that 
the hyporesponsiveness of the T cells is what actually “allows” the development of 
these diseases. If they had their normal oxidative capacity, they would not have 
allowed the manifestation of these diseases. 

An important role for oxidative stress has been suggested (Schmielau, J., and Finn, O. J. 
(2001) Cancer Res. 61, 4756-4760). Previous in vitro work on the effects of oxidative 
stress on T lymphocytes showed that ROS induce T cell hyporesponsiveness and alter the 
expression levels of key T cell-signaling molecules such as TCR-  or p56lck. 
Interpretation of these results is made difficult by the high doses of exogenously 
added hydrogen peroxide utilized (1-10 mM) that also lead to T cell apoptosis 

(Buttke, T. M., and Sandstrom, P. A. (1995) Free Radic. Res. 22, 389-397). 

 

3.7.2   Impaired T-cell function with advanced cancer blamed on H2O2 

Impaired T-cell function in patients with advanced cancer has been a widely 
acknowledged finding, but mechanisms reported thus far are those primarily operating in 
the tumor microenvironment. Very few mechanisms have been put forth to explain 
several well-described defects in peripheral blood T cells, such as reduction in expression 

of signaling molecules, decreased production of cytokines, or increased apoptosis. 
Schmielau and Finn have closely examined the peripheral blood mononuclear cell 
(PBMC) samples derived from patients and healthy individuals, and they have observed 
an important difference that may underlie the majority of reported defects.  They looked 
for other evidence of in vivo granulocyte activation and found it in drastically elevated 
plasma levels of 8-isoprostane, a product of lipid peroxidation and a marker of 
oxidative stress. Reduced T-cell receptor chain expression and decreased cytokine 
production by patients’ T cells correlated with the presence of activated granulocytes in 
their PBMCs. They showed that freshly obtained granulocytes from healthy donors, if 
activated, can also inhibit cytokine production by T cells. This action is abrogated by 
the addition of the hydrogen peroxide (H2O2) scavenger, catalase, implicating H2O2 as 
the effector molecule. Indeed, when added alone, H2O2 could suppress cytokine 
production of normal T cells. These findings indicate that granulocytes are activated in 
advanced cancer patients and that granulocyte-derived H2O2 is the major cause of severe 

systemic T-cell suppression (Activated Granulocytes and Granulocyte-derived Hydrogen 
Peroxide Are the Underlying Mechanism of Suppression of T-Cell Function in Advanced 
Cancer Patients. Jan Schmielau and Olivera J. Finn. Cancer Research 61, 4756-4760, 
June 15, 2001). I believe that this is not surprising.  The body constantly modulates 



EMOD levels and if high levels of exogenous peroxide is added to a T cell isolate, it 
will recognize this and consequently reduce production of its own EMODs. 
 
HIV infection increases the oxidative stress process, while anti retroviral combination 
therapy compounds this effect by increasing lipid oxidation. The decrease in antioxidants 
that accompanies HIV infection suggests a potentially important role of nutritional 
supplementation and good nutrition in general in the proper management of HIV/AIDS 
(The effect of different combination therapies on oxidative stress markers in HIV infected 
patients in cameroon. Judith L Ngondi et al. AIDS Res Ther. 2006; 3: 19). I believe that 
the increased EMOD levels in AIDS patients is due to the body’s natural reaction to 
kill the HIV pathogen.  If it could generate high enough EMOD levels, it would kill  
HIV.  

3.8.0   Steroid Use: Risk Factors 

3.8.1   Corticosteroids: Side Effects and Adverse Reactions 

The potent effect of corticosteroids can result in serious side effects which mimic 
Cushing's disease, a malfunction of the adrenal glands resulting in an overproduction of 
cortisol. The list of potential side effects is long and includes: 

• increased appetite and weight gain (obesity) 
• deposits of fat in chest, face, upper back, and stomach  
• water and salt retention leading to swelling and edema  
• high blood pressure  
• diabetes  
• black and blue marks  
• slowed healing of wounds  
• osteoporosis  
• cataracts  
• acne  
• muscle weakness  
• thinning of the skin  
• increased susceptibility to infection  
• stomach ulcers  
• increased sweating  
• mood swings  
• psychological problems such as depression  
• adrenal suppression and crisis 

Another possible complication to coming off steroids is steroid withdrawal syndrome, or 
rebound effect, which is the body's exaggerated response to removal of the drug. 
Rebound effect can result in fever, muscle pain, and joint pain making it hard for the 
physician to differentiate between withdrawal symptoms and a flare of the disease itself. 
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Infection at the site of injection is a possible side effect. Frequent injections into the same 
joint can also cause cartilage damage. Doctors use this treatment sparingly after other 
options have failed and attempt to limit the number of injections to every few months, 
and only a few altogether for a particular joint. 

3.8.2   High Doses Steroids May Raise Risk of Heart Attack, Stroke 

Taking high doses of steroids (glucocorticoids) seems to increase the risk of heart disease 
including heart attack, heart failure, and stroke, according to new research. Steroids fight 
inflammation and are often prescribed for conditions including asthma, inflammatory 
bowel disease, and inflammatory arthritis. Prednisone and hydrocortisone are two 
examples of steroids. Yet well-known adverse effects of these potent anti-
inflammatory medications can increase the risk of developing high blood pressure, 
diabetes, and obesity -- risk factors for heart disease.  

What is less well known about these drugs is whether and to what extent steroids 
contribute to heart disease and heart disease death. They write this is not predictable since 
these medications have anti-inflammatory effects on blood vessels -- inflammation of 
blood vessels has been found to be a key mediator of atherosclerosis.  

The new study conducted by researcher Thomas MacDonald, MD, FRCPE, of Scotland's 
Ninewells Hospital and Medical School appears in the Nov. 16, 2004 issue of the journal 
Annals of Internal Medicine. MacDonald and colleagues examined medical record data 
from more than 68,000 people with steroid prescriptions and about 82,000 people not 
taking steroids. All patients were at least 40 years old when the data was collected by 
Scotland's National Health Service from 1993 to 1996. 

Steroid types, doses, and length of treatment varied, so the researchers calculated 
equivalent doses for comparison. The scientists tracked participants' "cardiovascular 
events" including heart attack, heart failure, and stroke. 

Heart disease risk was more than 2.5 times higher in people taking high 
doses of steroids compared with those not taking steroids. I believe that 
this argues against CVD having an inflammatory etiology. 

"Treatment with high-dose glucocorticoids seemed to be associated with an increased risk 
for cardiovascular disease," write the researchers. Patients taking the equivalent of 7.5 
milligrams of prednisolone per day had "substantially higher rates of all 
cardiovascular diseases" during one to five years of follow-up, write the researchers. 
Patients taking low doses of steroids fared better. They had a similar risk for heart disease 
as those not taking steroids. 

However, the researchers don't say steroids cause cardiovascular disease, since other 
factors may have been at work. They could not establish whether the disease, for which 
treatment with steroids was necessary, account for the higher risk of heart disease in this 
group of individuals. For instance, the scientists didn't have information on the patients' 



disease severity, smoking, obesity, exercise, and diet, although they tried to adjust for at 
least some of those factors. 

Anabolic steroid use causes decreased levels of HDL or "good" cholesterol, 
increased levels of LDL or "bad" cholesterol and serious liver toxicity within 12 
weeks, according to a study that measured the effects of anabolic steroids on men with 
HIV wasting disease. The results have implications for athletes who take anabolic 
steroids to enhance performance, says principal investigator Dr. Carl Grunfeld, chief of 
the metabolism and endocrine sections at the San Francisco VA Medical Center. 

The study is published in the March 2006 issue of the Journal of Acquired Immune 
Deficiency Syndromes.  The researchers found that as expected, anabolic steroids lead to 
gains in both lean body mass and fat in men with HIV wasting. The randomized, 
double-blind trial among 262 HIV-positive men was the largest study of its type on 
men with HIV-associated weight loss, according to the study authors. 

"HDL plummets. LDL goes up. This predisposes people to an increased risk of heart 
attack. Furthermore, we found grade III and grade IV liver toxicity in some men, which 
means a very significant risk of serious liver damage." The men's testosterone levels 
were also depressed. These effects were not seen in men taking placebo, according to 
Grunfeld. 

3.8.3   Increase in Skin Malignancies, Lymphoma Seen in Steroid Use Study 

Millions of people who take immune system-suppressing steroids like prednisone to 
treat a wide range of inflammatory diseases may be at increased risk for developing 
certain cancers. New research supports earlier reports linking steroid use to 
nonmelanoma-type skin malignancies and non-Hodgkin's lymphoma, according to 
Charlotte Grayson, MD.  
 
The risk of developing non-Hodgkin's lymphoma or a form of skin cancer called 
squamous cell carcinoma was roughly two-and-a-half times greater than normal for 
people who reported long-term use of steroids in the Danish study. Long-term steroid 
use was associated with a 50% increased risk for developing basal cell carcinoma.  
 
"We have known that immunosuppressive therapy increases the risk for these 
cancers in (organ) transplant recipients, but these patients are treated with other, 
more potent immune system-suppressing drugs," lead researcher Henrik Toft 
Sorensen, MD, PhD, tells WebMD. "The risk associated with [steroid] use alone has not 
been clear."  
 
Squamous cell and basal cell carcinomas are the most common forms of skin cancer, with 
at least 1 million cases identified each year in the U.S. Both cancers are slow growing 
and easily treated, unlike melanoma, which accounts for just 5% of all skin cancers but 
75% of deaths from skin cancer in the U.S.  
 

http://my.webmd.com/content/Biography/7/1756_50193.htm


Sorensen and colleagues from Denmark's Aarhus University identified almost 60,000 
people enrolled in a prescription database in that country who had filled steroid 
prescriptions between 1989 and 1996. These data were linked to the comprehensive 
Danish Cancer Registry. The findings are reported in the May 5, 2004 issue of the 
Journal of the National Cancer Institute.  
 
The researchers found more cases than would have been expected of the two less serious 
skin cancers, but the increase in melanoma cases was not significant. Having 15 or more 
prescriptions for steroids filled over the eight-year period was associated with a 
1.52-fold increase in basal cell carcinoma risk and a 2.45-fold increase in risk for 
squamous cell carcinoma. Non-Hodgkin's lymphoma risk was found to be 2.68-fold 
higher for patients having 10 to 14 prescriptions filled over the study period.  
 
3.8.4   Steroids Increase Cataracts 

The association between steroid use and development of cataract is well established. 
There seems to be consensus that higher the dose of steroid and longer the duration of 
use, the higher will be the risk for PSC cataracts. However, despite all the published data, 
we still do not know what is a safe daily dose of corticosteroid, and how long can this 
dose be maintained? It is difficult to determine a safe steroid dose even by pooling all 
published data because of the differing cataract diagnosis criteria of the studies as well as 
the differing potency of steroids used. 

Steroids differ in their potency as well as in the effect potential. Prednisone 
acetate eye drops are perhaps the most widely prescribed steroid eye drop for eye 
inflammation treatment. There are now several steroid eye drops that have less tendency 
to cause eye pressure rise or cataract than Pred Forte in part because they are metabolized 
in the cornea to some extent. Steroids like (prednisone phosphate) penetrate the cornea 
less. 

Patients treated with Prednisone in amounts less than 10 mg/day for one year 
stand a negligible chance of developing a PSC cataract. However 75% of patients 
receiving more than 15 mg/day Prednisone for more than one year were found to 
have cataracts (JAMA 1960;174:166-71). Other studies have shown that children 
develop cataracts much earlier than adults, often as early as within 6 months with similar 
steroid doses. 
 

The total dose of steroids that produced a PSC cataract in half of the cataract 
patients was 765 drops of 0.1% dexamethasone over 10.5 months. 765 drops represent 
slightly less than 8 bottles of 5 ml each. By reducing the dose to 360 drops (less than 4 
bottles of 5 ml each) the chances of developing a cataract are significantly reduced. 
Prednisone acetate 1% (Pred Forte) is expected to behave similar to 0.1% dexamethasone 
eye drops (Ann Ophthalmol 1981;13:29-32). 
 

In adult patients who use less than 14 puffs per week of Beclomethasone inhaler 
the presence of a cataract is increased, but not too much (about 30% higher). However, if 
twice as much steroid inhalations are used i.e. 28 puffs per week or more, then cataract 
presence is about 3 times more. When the cumulative dose of Beclomethasone is more 



than 2000 mg, the odds of developing a PSC cataract increases 10 times (N Engl J Med 
1997;337:8-14). 

3.9.0   Immune deficiency risks 

People with reduced immune systems are at risk for numerous diseases. Immune 
deficiency can arise as a medical condition, such as HIV or other chronic illnesses. 
Certain medications also reduce immune function including immunosuppressants (their 
purpose is to reduce immune function), transplant patients and chemotherapy treatment 
for cancer. The elderly and newborns are also considered at risk with reduced 
immune function. 

4.0.0   Antioxidants do not prevent myocardial damage of EMODs in 
CPB 

Some of the following material was abstracted, excerpted or modified from: 
Pharmacologic Manipulation of Systemic Inflammatory Response after Cardiac 
Surgery. Shahzad G. Raja et al The Internet Journal of Thoracic and Cardiovascular 
Surgery TM  ISSN: 1524-0724. 2004. Volume 6 Number 2. 

4.0.1  Introduction to cardiopulmonary bypass (CPB) 

Inflammation is a protective response of vascularized tissue that functions as part of 
normal host surveillance mechanisms to destroy or quarantine both harmful agents and 
damaged tissue. The hallmark of an inflammatory response is the complex humoral 
and cellular interaction with numerous pathways contributing to inflammation 
including activation, generation, or expression of thrombin, complement, cytokines, 
neutrophils, adhesion molecules, and multiple inflammatory mediator.  

Because of the redundancy of the inflammatory cascades, profound amplification occurs 
to produce multiorgan system dysfunction. Clinically this may be seen as  inflammatory 
manifestations as coagulopathy, respiratory failure, myocardial dysfunction, renal 
insufficiency, and neurocognitive defects. Further, the inflammatory response that occurs 
during cardiopulmonary bypass (CPB) has been often referred to as a systemic 
inflammatory response syndrome (SIRS) similar to sepsis (Levy JH, Tanaka KA. 
Inflammatory response to cardiopulmonary bypass. Ann Thorac Surg 2003;75:S715-20).  

4.1.0   Free Radical Scavengers and Antioxidants 

Generation of reactive oxygen species (ROS) (hydrogen peroxide and the superoxide and 
hydroxyl radicals) occurs upon reperfusion following bypass, and these may be 
important contributors to tissue injury. Leukocytes activated during bypass may also 
release substantial amounts of cytotoxic ROS.   

Host antioxidants become depleted after CPB, presumably as a result of 
consumption by free radicals (McColl AJ, Keeble T, Hadjinikolaou L, Cohen A, 
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Aitkenhead H, Glenville B, Richmond W. Plasma antioxidants. Evidence for a 
protective role against reactive oxygen species following cardiac surgery. Ann Clin 
Biochem 1998;35:616-23) (Sellke FW, Shafique T, Ely DL, Weintraub RM. 
Coronary endothelial injury after cardiopulmonary bypass and ischemic 
cardioplegia is mediated by oxygen-derived free radicals. Circulation 1993;88:II395-
400).  

When ROS production exceeds host defense scavenging capacity, cellular injury 
results(Dingchao H, Zhiduan Q, Liye H, Xiaodong F. The protective effects of high-
dose ascorbic acid on myocardium against reperfusion injury during and after 
cardiopulmonary bypass. Thorac Cardiovasc Surg 1994;42:2768).  
 
Free radical scavengers, such as enzymatic scavengers, antioxidants, and iron chelators, 
advertised as being potentially useful therapeutic adjuncts to control the deleterious 
effects of the inflammatory response and oxidative damage.  This has not proven to be 
the case. 
 
4.1.1   Ischemia-reperfusion Injury Tracked to Natural Toxin (PAR-polymer) 

Researchers at Johns Hopkins have discovered what they believe is the “smoking gun” 
responsible for most tissue and organ damage after a period of blood oxygen loss 
followed by a sudden restoration of blood oxygen flow.  

Working with mice, the Hopkins team found that the sudden oxygen bath triggered by 
restored blood flow causes cells to make a chemical so toxic it kills the cells. The work 
was published in two papers in the Proceedings of the National Academy of Sciences on 
11/06. 

Although not sure why it happens, the Hopkins scientists believe the toxic chemical, 
PAR-polymer, acts like a molecular sledgehammer, or a death switch. “We’ve found 
evidence of it in cells following all types of injury,” says Ted Dawson, M.D., Ph.D., the 
Leonard and Madlyn Abramson Professor of Neurodegenerative Diseases, professor of 
neurology and co-director of Hopkins’ Neuroregeneration and Repair Program in the 
Institute of Cell Engineering (ICE). 

The research team has named the cell death process caused by PAR-polymer 
“parthanatos,” after Thanatos, the personification of death from Greek mythology. 

To establish that PAR-polymer is indeed the culprit in the kind of reperfusion injuries 
long linked to heart attacks, strokes and a variety of blood vessel injuries, the researchers 
pumped mouse nerve cells full of PAR-polymer. The cells died, but to be sure PAR-
polymer (and not something else) killed them, they examined the brains of mice 
engineered to lack an enzyme that chews up and gets rid of PAR. These mouse brains 
contained twice as much PAR-polymer as those of normal mice.  



After the researchers induced a blood clot injury like a stroke, the same mice showed a 62 
percent increase in the area of brain damage compared to normal littermates. Mice that 
contain more of the PAR-chewing enzyme suffered less brain damage than their normal 
littermates. 

To figure out what triggers the death switch, the researchers tracked PAR-polymer’s 
journey after cells made it. After 15 minutes, PAR-polymer hadn’t gone anywhere. But 
after 30 to 60 minutes, the researchers discovered that much of it traveled right to areas 
where the switch normally resides. 

The fate of the cell is irreversible once PAR-polymer sets off the trigger, says Valina 
Dawson, Ph.D., professor of neurology, co-director of the Neuroregeneration and Repair 
Program and author of the papers. “If we could figure out how to block PAR-polymer, 
we could design drugs that protect the switch and prevent cells from dying after heart 
attacks, stroke or other injuries,” she says.  

Authors of the two papers are Shaida Andrabi, No Soo Kim, Seong Woon Yu, Hongmin 
Wang, David Koh, Masayuki Sasaki, Judith Klaus, Takatshi Otsuka, Zhizheng Zhang, 
Raymond Koehler, Patricia Hurn, Valina Dawson and Ted Dawson, all of Hopkins, and 
Guy Poirier of Laval University Medical Research Center at Centre Hospitalier 
Universitaire de Quebec in Canada. 

4.2.0   High-dose vitamin C & vitamin E 

High-dose vitamin C (ascorbic acid) has been demonstrated to effectively scavenge free 
radicals, decreasing cell membrane lipid peroxidation , and indices of myocardial injury, 
and improving hemodynamics with a shorter ICU and hospital stay (Dingchao H, 
Zhiduan Q, Liye H, Xiaodong F. The protective effects of high-dose ascorbic acid on 
myocardium against reperfusion injury during and after cardiopulmonary bypass. Thorac 
Cardiovasc Surg 1994;42:2768).  

Vitamin E (α-tocopherol) reduces plasma concentrations of hydrogen peroxide, a marker 
of free radical concentrations, and decreases cell membrane lipid peroxidation  following 
CPB (Barta E, Pechan I, Cornak V, Luknarova O, Rendekova V, Verchovodko P. 
Protective effect of alpha-tocopherol and L-ascorbic acid against the ischemic-
reperfusion injury in patients during open-heart surgery. Bratisl Lek Listy 1991;92:174-
83).  

Preoperative supplementation with a combination of ascorbic acid, α-tocopherol, and 
allopurinol reduced cardiovascular dysfunction in both stable and unstable patients 
undergoing CABG. Unstable CABG patients sustained less myocardial injury and a 
decreased incidence of perioperative myocardial infarction.  A more recent trial of 
combined α-tocopherol and ascorbic acid supplementation in CABG surgery 
revealed no detectable decrease in myocardial injury (Westhuyzen J, Cochrane AD, 
Tesar PJ, Mau T, Cross DB, Frenneaux MP, Khafagi FA, Fleming SJ. Effect of 
preoperative supplementation with alpha-tocopherol and ascorbic acid on myocardial 
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injury in patients undergoing cardiac operations. J Thorac Cardiovasc Surg 
1997;113:942-8). Again, we see the failure of antioxidant vitamins to prevent so 
called oxidative stress induced damage. It is the same old story.  

4.2.1   N-acetylcysteine 

High-dose N-acetylcysteine before or during bypass appears to act as a free radical 
scavenger and reduces the neutrophil oxidative burst response and elastase activity 
(Andersen LW, Thiis J, Kharazmi A, Rygg I. The role of N-acetylcystein administration 
on the oxidative response of neutrophils during cardiopulmonary bypass. Perfusion 
1995;10:21-6).   

In an early interventional trial in patients with established acute lung injury, N-
acetylcysteine was shown to improve oxygenation and lung mechanics, although no 
impact on progression to acute respiratory distress syndrome was noted (Suter PM, 
Domenighetti G, Schaller MD, Laverriere MC, Ritz R, Perret C. N-acetylcysteine 
enhances recovery from acute lung injury in man: A randomized, double-blind, placebo-
controlled clinical study. Chest 1994;105:190-4).  

4.2.2   Corticosteroids  

The use of corticosteroids in the context of CPB continues to be controversial because of 
their potential risks. Past negative experience, particularly with the use of 
corticosteroids in septic shock, has served to emphasize the need for caution when 
considering corticosteroid use, even in noninfective inflammatory conditions, where their 
potent antiinflammatory actions might be expected to be beneficial.  

Corticosteroid pretreatment may blunt the inflammatory response in humans by several 
distinct mechanisms. Administration of glucocorticoids prior to CPB may attenuate 
endotoxin release and complement activation.  Methylprednisolone lowers post-CPB 
concentrations of the proinflammatory cytokines TNFα, IL-6, and IL-8, and 
increases concentrations of the antiinflammatory cytokines IL-10 and IL-1ra, but not IL-
4.   

Corticosteroids also attenuate post-CPB leukocyte activation, neutrophil adhesion 
molecule up-regulation, and pulmonary neutrophil sequestration.  Prebypass 
administration of methylprednisolone in aprotinin-treated patients improves early 
postoperative indices of pulmonary, cardiovascular, hemostatic, and renal function.  
Glucocorticoid pretreatment may improve cardiac performance and reduce evidence of 
bronchial inflammation following CPB.  Low-dose methylprednisolone in the pump 
prime solution appears to attenuate myocardial cell damage.  Dexamethasone and 
methylprednisolone , decrease the incidence of postoperative fever. In animal studies, 
corticosteroid pretreatment improved several indices of lung injury, including pulmonary 
compliance, alveolar– arterial gradient, pulmonary vascular resistance, and extracellular 
fluid accumulation. However, the ability of corticosteroid pretreatment to attenuate 

http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijtcvs/vol6n2/response.xml
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijtcvs/vol6n2/response.xml
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijtcvs/vol6n2/response.xml
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ijtcvs/vol6n2/response.xml


post-CPB pulmonary inflammation, endotoxemia, and complement activation is 
disputed.   

It is premature to advocate the use of corticosteroids in the absence of proven outcome 
benefit, determination of optimal dosage regimens, and characterization of harmful 
effects, e.g., immunosuppression, which may result from their use. 

Cardiac surgery and cardiopulmonary bypass (CPB) activate a systemic inflammatory 
response characterized clinically by alterations in organ system function. Although 
significant morbidity is rare (approximately 1%-2% of cases) yet most patients 
undergoing CPB experience some degree of organ dysfunction as a result of activation of 
the inflammatory response. 

4.2.0   Immunosuppression, collagen vascular diseases and EMODs 

Collagen-vascular diseases are associated with immune dysregulation and inflammation, 
leading to tissue destruction or compromise. Immunosuppression is more commonly 
associated with the drugs used to treat these disorders than with the diseases themselves.  
The collagen-vascular diseases (rheumatoid arthritis [RA], systemic lupus 
erythematosus, Sjögren's syndrome, polymyositis-dermatomyositis, and systemic 
sclerosis) and the granulomatous vasculitic conditions exemplified by Wegener's 
granulomatosis are associated with immune dysregulation. There is no known 
pathogen toward which the resulting inappropriate inflammation and immune response is 
targeted, although many have been sought. 

Although the collagen-vascular diseases are associated with only moderate and rather 
nonspecific infections, the therapeutic agents used to control collagen-vascular diseases 
can result in significant immunosuppression and subsequent pulmonary and systemic 
infections. Examples of traditional treatment modalities include corticosteroids, 
methotrexate, and cyclophosphamide. High-dose corticosteroids reduce lymphocyte 
and antigen- presenting cell function, increasing the risk of unchecked growth of even 

weakly pathogenic bacteria, viruses, fungi, and mycobacteria. Extensive or disseminated 
infectious complications may develop with a paucity of inflammatory signs or symptoms. 
Methotrexate, a folate antimetabolite, interferes with numerous intracellular metabolic 
processes, particularly affecting cell proliferation. For this reason, it is effective in 
treatment of a number of malignancies and inflammatory conditions. Even at low doses, 
methotrexate inhibits the replication and function of T and B lymphocytes and can 
suppress secretion of proinflammatory cytokines, including interleukin (IL)-1, IFN-

, and tumor necrosis factor (TNF). It also decreases chemotaxis of neutrophils. The 

effects are dependent on the dose and length of exposure. Most infections associated 
with methotrexate are a result of absolute neutropenia. Cyclophosphamide functions 
as an alkylating agent and is active against many neoplastic diseases and in lupus 

nephritis, nephrotic syndrome, Wegener's granulomatosis, rheumatoid arthritis, and graft-
versus-host disease or graft rejection. Cyclophosphamide also causes lymphopenia (both 
B cells and T cells) and selective suppression of T- and B-lymphocyte activity 



(Immunosuppression Related to Collagen-Vascular Disease or Its Treatment. Carol 
Dukes Hamilton. The Proceedings of the American Thoracic Society 2:456-460 (2005). 

Animal models have shown that TNF-  secreted by macrophages is critical for effective 
innate immunity against Aspergillus species for early host defense and later in its role of 
amplifying neutrophilic production of oxygen free radicals, which effect fungus hyphal 
damage.  With immunosuppression there appears to be conditions creating an 
EMOD insufficiency. 

Systemic sclerosis (scleroderma) may be associated with an increased incidence of 
cancer, including breast cancer, B-cell lymphoma, lung cancer and tongue cancer. 

 

 

For the maudlin,  
oxygenology is radicalicious. 

Yet, over consumption can lead to 
morbid O2besity. 

R. M. Howes, M.D., Ph.D. 
6/30/07  

 

 4.3.0   Obesity and Diabetes 

Most of the food we eat is broken down into glucose and other simple sugars during 
digestion. Insulin is a hormone produced by the pancreas, an organ that lies near the 
stomach, that helps transport glucose from the blood into our cells where it is used as an 
energy source or is stored for future use (Bliss 1982). Because diabetics are not able to 
use insulin efficiently, glucose can not enter cells properly and sugars build up in the 
blood. As a result, many critical body functions are disrupted (Levin and Pfeiffer 1998). 
The exact cause of diabetes is not known, but researchers believe that both genetic and 
dietary factors play key roles in its development. Some of the key factors include age 
over 45, overweight, and a close relative with diabetes.  

There are two main types of diabetes, Type I, or insulin-dependent diabetes, and Type II, 
or non-insulin dependent diabetes. In both types of diabetes, blood sugar levels are 
elevated due to absolute or relative insufficiencies of insulin. Some of the common 
symptoms of diabetes mellitus include increased thirst, urination, weight loss, blurred 
vision, fatigue and vomiting.  Some of the more common problems associated with 
diabetes include heart disease, stroke, eye and kidney failure, narrowing of the 
arteries and nerve damage. 



• Right after the meal, glucose and amino acids are absorbed directly into the 
bloodstream, and blood glucose levels rise sharply.  

• The rise in blood glucose levels signals important cells in the pancreas, called 
beta cells, to secrete insulin, which pours into the bloodstream. Within ten 
minutes after a meal, insulin rises to its peak level.  

• Insulin then enables glucose and amino acids to enter cells in the body, 
particularly muscle and liver cells. Here, insulin and other hormones direct 
whether these nutrients will be burned for energy or stored for future use. (Note 
that the brain and nervous system are not dependent on insulin; they regulate 
their glucose needs through other mechanisms.)  

• When insulin levels are high, the liver stops producing glucose and stores it in 
other forms until the body needs it again.  

• As blood glucose levels reach their peak, the pancreas reduces the production of 
insulin.  

• About two to four hours after a meal, both blood glucose and insulin are at low 
levels, with insulin being slightly higher. The blood glucose levels are then 
referred to as fasting blood glucose concentrations.  

4.3.1   Type 1 Diabetes 

Starvation in the midst of plenty 

In type 1 diabetes, the disease process is more severe and onset is usually in childhood: 

• Beta cells in the pancreas that produce insulin are gradually destroyed. 
Eventually insulin deficiency is absolute. 

• Without insulin to move glucose into cells, blood glucose levels become 
excessively high, a condition known as hyperglycemia.  

• Because the body cannot utilize the sugar, it spills over into the urine and is lost.  
• Weakness, weight loss, and excessive hunger and thirst are among the 

consequences of this "starvation in the midst of plenty."  
• Patients become dependent on administered insulin for survival. 

4.3.2   Type 2 Diabetes 

Type 2 diabetes is the most common form of diabetes, accounting for 90% of cases. An 
estimated 16 million Americans have type 2 diabetes and half are unaware they have it. 
The disease mechanisms in type 2 diabetes are not wholly known, but some experts 
suggest that it may involve the following three stages in most patients: 

• The first stage in type 2 diabetes is the condition called insulin resistance. 
Although insulin can attach normally to receptors on liver and muscle cells, 
certain mechanisms prevent insulin from moving glucose (blood sugar) into these 
cells where it can be used. I believe that this may be due to insufficient 
EMODs, especially H2O2.  Most type 2 diabetics produce variable, even normal 



or high, amounts of insulin. In the beginning, this amount is usually sufficient to 
overcome such resistance.  

• Over time, the pancreas becomes unable to produce enough insulin to overcome 
resistance. In type 2 diabetes the initial effect of this stage is usually an abnormal 
rise in blood sugar right after a meal (called postprandial hyperglycemia). This 
effect is now believed to be particularly damaging to the body.  

• Eventually, the cycle of elevated glucose further impairs and possibly destroys 
beta cells, thereby stopping insulin production completely and causing full-
blown diabetes. This is made evident by fasting hyperglycemia, in which elevated 
glucose levels are present most of the time.  

I believe that both that both types of diabetes are caused by an EMOD insufficiency, 
which is likely due the low levels of insulin and thus, low levels of EMODs.  
Remember that as insulin levels increase, so do EMOD levels and insulin mimetics, 
such as H2O2. 

4.4.0  Obesity: A Global Epidemic 

A billion people are overweight in the world and of these, 300 million are obese, 
according to the World Health Organization. Cardiovascular disease killed 17.5 million 
people worldwide in 2005, and 11 million of those were in Asia. 

Apart from eating too much, doing too little and smoking, experts say Asia's weight 
problem is more pronounced than in the West because of a genetic predisposition to 
obesity. "For the same body weight, Asians have more body fat than Caucasians, 
particularly in the viscera (organs in the abdominal cavity)," said Chan. "Because of the 
climate, we are not built to store so much fat, so it spills into the liver, muscles and 
pancreas, which is why you hear so much about fatty liver." 

The smaller Asian build gives rise to abdominal, or central obesity, or a concentration of 
fat in and around vital organs. "Asians have problems with central obesity. Excess fat 
goes into the stomach, it surrounds the guts, gets into the liver. If you don't use it, it gets 
deposited under the skin, around the heart and muscles," Chan said. "If the heart muscles 
are stuffed with fat, it can't store glucose, which then stays in the bloodstream, causing 
diabetes."  

But is traditional Chinese medicine a solution? "There is no magic bullet no matter what 
people may claim," said Richard Eu, group chief executive officer of Eu Yan Sang, a 
leading traditional Chinese medicine retailer in Asia. "It's a lifestyle modification. We 
have clinics that help in weight management. It's a combination of acupuncture, herbs 
and modifying your lifestyle. I don't think it's an easy solution."  

Growing affluence, a penchant for eating and a sedentary lifestyle have swollen the ranks 
of people who are overweight or obese in Hong Kong and China, doctors say. Thirty 
percent of Hong Kong's nearly 7 million people are overweight, double the figure 10 
years ago, local doctors say. 



In China, nearly one in every five Chinese are overweight and there are now at least 
60 million Chinese who are obese, according to the British Medical Journal. It also 
found that 10 million children from the ages of 7 to 18 were overweight in 2000 in China, 
28 times more than in 1985. A further four million were obese. 

Obesity and overweight are major risk factors for serious chronic 
diseases -- such as diabetes, cardiovascular disease, hypertension and 
stroke, and certain forms of cancer -- which caused 60 percent of all deaths 
worldwide in 2005. I believe that all of these are EMOD insufficiency states (ROSI 
syndrome). 

"What we are seeing in our part of the world are people coming in with heart attacks at 
40, strokes at 40-ish, kidney problems at 40-ish. Many of these are young mothers still 
looking after kids and many are breadwinners for the family," Juliana Chan, a professor 
of medicine and therapeutics at the Chinese University in Hong Kong, told Reuters. 

"We are going to see a lot of early deaths, disabilities and there will be an enormous 
burden on the health care system, which can't cope. Lots of young people will come in 
requiring bypass operations, dialysis, rehabilitation for strokes and our productivity will 
reduce." 

4.4.1  Obesity update: 4/9/07 (USA Today: Nancy Hellmich) 

The prevalence of American adults who are 100 or more pounds over a healthy weight 
has risen dramatically since 2000, a study released 4/9/07 shows. 

About 3% of people, or 6.8 million adults, were morbidly obese in 2005, up from 2% 
or 4.2 million people in 2000, says Roland Sturm, an economist with the RAND Corp., a 
non-profit think tank. The evidence of such a significant increase in the number of 
Americans who are extremely heavy "is mind-boggling," he says. Sturm analyzed 
government data on about 1.5 million people who reported their own weights and 
heights. Participants were categorized as severely or morbidly obese if they had a body 
mass index (a height-weight ratio) of 40 or higher.  

According to government data, about 66% of people in the USA are 
now either overweight or obese, which is defined as 30 or more pounds over a 
healthy weight. Obesity increases a person's risk of contracting numerous diseases, 
including diabetes, heart diseases and cancer. 

Sturm's study, which was released 4/9/07 on the website of the journal Public Health, 
shows that 24.6% of people were obese in 2005, up from 20% in 2000. That's an 
increase of 24%. 

People usually under report their weight, so the percentage of people who are morbidly 
obese is actually higher than 3%, Sturm says. A large government survey in which people 



are actually weighed and measured suggests that about 5% of U.S. adults are morbidly 
obese and a third are obese, Sturm says. He says his analysis highlights the dramatic 
increase in the number of morbidly obese people over a relatively short period of 
time.  "Even though we've had an explosion of bariatric surgery in that time, it 
doesn't seem to have made a dent in these numbers," he says. Bariatric surgery often 
reduces the size of the stomach. 

For years, some experts believed that severe obesity was a rare condition that affected a 
fixed percentage of the population that might be more predisposed to weight gain for 
genetic or metabolic reasons, Sturm says. "But these numbers show the trend is really 
paralleling what is going on in our society," he says. To help reverse the numbers, "we 
need to move to a healthier environment with friendlier staircases and more walkable 
environments," Sturm says. 

George Blackburn, associate director of nutrition at Harvard Medical School, calls the 
increase in the percent of severely obese people a catastrophe.  "It is an emergency 
because the disability, the discrimination and the health care costs for this 
population are enormous," he says. 

4.4.2  Very obese fare worse after colon cancer diagnosis 

Obese patients are more likely to have a recurrence of colon cancer than their normal-
weight counterparts and face an increased risk of dying from the disease, a new study 
shows. There is strong evidence that being obese, defined as having a body mass index 
(BMI) of 30 or greater, both increases the likelihood of developing colon cancer and 
worsens prognosis for individuals diagnosed with the disease, Dignam and his team 
report in the November 15, 2006 Journal of the National Cancer Institute. Subjects with 
a BMI of 35 or greater (defined as very obese) had a 38-percent risk of a tumor 
recurrence compared with normal weight individuals (those with a BMI of 18.5 to 
24.9), the researchers found. The very obese were also 28 percent more likely to die 
during the 11.2-year follow-up period. 

The increased risk among the very obese could be related to the interplay between 
insulin, insulin-like growth factors and proteins that bind to these growth factors, Dignam 
and his colleagues suggest. 

Again, I believe that this illustrates the harmful effects of unsaturated fats in lipid 
accumulations in obese patients, in that they serve as EMOD traps and lead to an 
EMOD insufficiency.  

Greeks are ignoring their traditionally healthy diet and suffering higher rates of obesity 
and related illnesses such as diabetes. Greece has among the highest rates of childhood 
obesity in Europe, at more than 30 percent, while the level for adults is also near the top 
of Europe's list. Some 28 percent of Greek men and 25 percent of Greek women are 
considered to have a weight problem and have a body-mass index of 30 or greater, 



according to 2005 figures from the World Health Organization. The respective numbers 
for the United States are 37 and 42 percent, according to the WHO. 

"People have gone toward a Westernized diet." 
 

4.4.3  The 'Obesity Paradox' 
09 Jan 2007    
 
Researchers report that for patients hospitalized with acute heart failure, a higher body 
mass index (BMI) was associated with a substantially lower in-hospital mortality 
rate. For every 5-unit increase in body mass, the odds of risk-adjusted mortality fell 10 
percent. The finding held when adjusted for age, sex, blood urea nitrogen, blood pressure, 
and additional prognostic factors.  
 
IMPACT: The finding offers more insight into an observed phenomenon in chronic heart 
failure called the 'obesity paradox.' This is the first study to document that this inverse 
relationship with BMI holds in the setting of acute hospitalization for heart failure. 
Further study is required but the finding suggests that nutritional/metabolic support may 
have therapeutic benefit in specific patients hospitalized with heart failure.  
 
BACKGROUND: The study found that by weight category, in-hospital mortality rate 
was 6.3 percent for underweight, 4.6 percent for healthy weight, 3.4 percent for 
overweight and 2.4 percent for obese patients. "The study suggests that overweight 
and obese patients may have a greater metabolic reserve to call upon during an 
acute heart failure episode, which may lessen in-hospital mortality risk," said 
Fonarow. Obesity is a known risk factor for developing heart disease and heart 
failure and every effort should be made to avoid it, but once heart failure has 
manifested, this paradox seems to occur. Researchers utilized data on over 100,000 
acute heart failure patient episodes, taken from the Acute Decompensated Heart 
Failure National Registry (ADHERE). The study and ADHERE is funded by Scios, Inc. 
The authors have received research grants and served as consultants for Scios.  
 
 
AUTHORS: Dr. Gregg C. Fonarow, The Eliot Corday Chair in Cardiovascular Medicine 
and Science, first author and director, Ahmanson-UCLA Cardiomyopathy Center, David 
Geffen School of Medicine at UCLA.  
 
JOURNAL: The research appears in the January 2007 edition of the peer reviewed 
American Heart Journal. 

4.4.4   WCRF/AICR Expert Report, Food, Nutrition, Physical Activity and the 
Prevention of Cancer: a Global Perspective 
 

Report stresses link between obesity and cancer 10/31/07 



Keeping slim is one of the best ways of preventing cancer, as is avoiding excessive 
amounts of red meat and wine, a landmark study has revealed.  The World Cancer 
Research Fund (WCRF) said the link between body fat and cancer is closer than 
generally realized.  It found convincing evidence of a link to six types of cancer, five 
more than in its last report, 10 years ago.  

Among the new types are colorectal (bowel) and post-menopausal breast cancer. 

Professor Michael Marmot, chair of the panel of 21 eminent scientists who compiled the 
report, said: "We are recommending that people aim to be as lean as possible within 
the healthy range, and that they avoid weight gain throughout adulthood." 

The report, which selected 7,000 studies from a worldwide pool of 500,000 
written since records began in the 1960s, includes five key findings. 

They are that processed meats, such as ham and bacon, increase the risk of colorectal 
cancer, and should be eaten sparingly. 

Another is the link between red meat and colorectal cancer, for which the evidence is 
stronger than ever. People should not eat more than 500g of cooked red meat a week -- or 
between 700g and 750g for "blue" or uncooked meat. 

A further finding was the strongest evidence yet that alcohol is a cause of cancer. If 
people must drink, the report said, they should limit their intake to two units a day for a 
man or one for a woman. A unit is a half pint of beer or a small glass of wine. 

The report recommended mothers breastfeed exclusively for the first six months after 
birth followed by complementary breastfeeding, after evidence showed breastfeeding 
protects the mother against breast cancer. 

It did not recommend dietary supplements as prevention. 

"This report is a real milestone in the fight against cancer, because its recommendations 
represent the most definitive advice on preventing cancer that has ever been 
available anywhere in the world," said Professor Martin Wiseman, project director of 
the report. 

Scientists believe there are several reasons for the link between body fat and cancer.  One 
is the relationship between excess fat and the hormonal balance in the body. 

Research has shown that fat cells release hormones such as estrogen (an antioxidant), 
which increases the risk of breast cancer, while fat around the waist encourages the body 
to produce growth hormones, which can increase levels of risk.  I believe that the 
antioxidant, estrogen, causes an insufficiency state of EMODs, with consequent 
allowance of cancer.  



Evidence of an obesity link is most convincing for cancer of the 
esophagus, pancreas, colorectum, endometrium (womb), kidney and 
post-menopausal breast cancer. 

Many studies have shown that the obese have a greater risk of several 
types of cancer. In February of 2008, British researchers reported in the 
Lancet medical journal that obesity can double the risk of leukemia, 
multiple myeloma, thyroid cancer, colon and kidney cancers. 

The report makes 10 recommendations including 30 minutes of moderate activity a day, 
rising to 60 minutes; drinking water rather than sugary drinks; eating fruit, vegetables and 
fiber and limiting salt consumption. 

Food, Nutrition, Physical Activity and the Prevention of Cancer: a Global Perspective, is 
the most current and comprehensive analysis of the literature on diet, physical activity 
and cancer. It builds on the foundation, first established by the WCRF global network in 
1982, to analyse, interpret and make public the available scientific evidence to help 
individuals to reduce their risk of developing cancer. 

This work began in 1982 when the American Institute for Cancer Research (AICR) took 
the US National Academy of Science expert report "Diet and Cancer" and sought 
permission to print and distribute 30,000 copies to scientists, policy makes and health 
professionals in the USA.  

WCRF/AICR continued the tradition by publishing its own report, Food, Nutrition and 
the Prevention of Cancer: a Global Perspective, in 1997. This report was a catalyst for 
change, creating great opportunities for advancement in the area of diet and cancer 
prevention. Its publication stimulated a surge in research in the field. Since then, 
advances in technology have revolutionised the way that information is collected and 
analysed. As a result, in 2001, WCRF/AICR set itself a new objective: to systematically 
review and assess the body of evidence on diet, physical activity and cancer and to 
publish a second expert report. This report is the largest study of its kind and its 
conclusions are as definitive as the available evidence allows. 

The WCRF report can be found at: http://www.dietandcancerreport.org/ 

4.4.5   Being overweight may raise cancer risk 

Being obese or even overweight may increase a person's risk of developing up to a 
dozen different types of cancer, European researchers report in a new study. 

Doctors have long suspected a link between weight gain and certain cancers, including 
colon and breast cancers. But the new study, published 2/15/08 in the journal Lancet, 
suggests it could also increase chances for cancer of the esophagus, thyroid, kidney, 
uterus and gall bladder, among others. 

http://www.aicr.org/


While the study suggests a link, there is no definitive proof that being fat in itself causes 
cancer.  "To make the link between cause and effect, we need to tick several boxes," said 
Dr. Andrew Renehan, the study's lead author and senior lecturer at the School of Cancer 
Studies at the University of Manchester. "This study begins to tick the first two or three 
boxes, but more research is needed to confirm it." 

The researchers compiled data from 141 studies and considered more types of cancers 
and more diverse populations than had been done previously. The research covered more 
than 280,000 cases from North America, Europe, Australia and Asia. 

The subjects, both overweight and normal weight, were followed for about nine to 15 
years, with researchers tracking their body mass index, or BMI — a calculation based on 
weight and height — and correlating it with incidents of cancer. 

In men, an average weight gain of 33 pounds increased the risk of esophageal cancer 
by 52 percent, thyroid cancer by 33 percent, and colon and kidney cancers each by 
24 percent, the research found. 

In women, a weight gain of 29 pounds increased the risk of cancer in the uterus and 
gall bladder by nearly 60 percent, esophagus by 51 percent and kidney by 34 
percent, the study said. 

The link was weaker for bone and blood cancers, for both men and women. 

In Asian populations, there appeared to be a stronger link between increased BMI and 
breast cancer, the study said. 

"This study provides a lot of circumstantial evidence about the dangers of obesity," said 
Dr. David Robbins, a gastroenterologist at Beth Israel Medical Center in New York, who 
was not involved in the study. "It also highlights the cancer crisis we face as obesity 
rates increase worldwide." 

Scientists are unsure how being overweight could make people more susceptible to 
cancer. 

"One of the hypotheses is that the presence of excess fat cells could affect the levels 
of hormones in your body," Renehan said. "At a cellular level, that may favor the 
development of tumors in humans."   It is known that fat cells produce the 
antioxidant, estrogen. 

Because many studies have found that fatter people are more likely to get cancer, experts 
often recommend losing weight to reduce cancer risk.  "The simple message is that, if 
you manage to keep a healthy body weight, you will have a lower risk of developing 
cancer," said Ed Yong, of Cancer Research United Kingdom. 

The Lancet study was paid for by British Medical Association, the University of 
Manchester and the University of Bern, Switzerland. Renehan has consulted for several 



pharmaceutical companies that make hormone replacements. This story was by Maria 
Cheng, AP Medical Writer. 

4.4.6   Network of genes involved in obesity 

Overeating disrupts entire networks of genes in the body, causing not only obesity, 
but diabetes and heart disease, in ways that may be possible to predict, researchers 
reported on 3/16/08.  The researchers developed a new method of analyzing DNA and 
used it to discover that obesity is not only complex -- something already known -- but 
complex in ways that had not been previously understood. 

"Obesity is not a disease that is the result of a single change to a single gene. It changes 
entire networks," said Eric Schadt, executive director of Genetics at Merck Research 
Laboratories.  His team identified networks of hundreds of genes that appear to be thrown 
out of kilter when mice are fed a high-fat diet.  "This network is completely rocked by 
exposure to a high-fat, Western-type diet," Schadt said. 

They then turned to a database of Icelandic people being studied by Decode Genetics Inc 
and found people have the same networks.   The joint teams did a detailed study of 1,000 
blood samples and almost 700 samples of fat tissues from some of the Icelandic 
volunteers.  This showed that people who have a higher body mass index, a measurement 
of obesity, have characteristic patterns of gene activation in their fatty tissues not seen in 
DNA taken from blood. 

"What it says it that the common forms of these diseases are very complex," said Schadt.  
"Simple genetic tests cannot detect these networks," said Schadt, who also works at 
Merck subsidiary Rosetta Inpharmatics in Seattle.  Schadt said his team hoped to study 
these networks and identify the genes most key to causing disease. New drugs can be 
designed to target their activity, he said.  Companies can also profit from making tests to 
detect a person's particular pattern and his or her risk of various diseases related to 
overeating.  It seems that drug companies are always looking for another “magical 
pill.”   

IMMUNE SYSTEM 

"Good diet and exercise is still probably the best treatment or way to prevent the onset of 
obesity," Schadt said.  "If you are not going to alter your lifestyle, we can identify what 
network is going to be most significantly altered. Then we can bring that network more 
into a state to where it looks like when you are on a normal diet." 

Schadt's team, writing in two studies published in the journal Nature, said the diseases of 
obesity appear to originate in the immune system. 

"The network is enriched for genes that are involved in macrophages," 
Schadt said. 



"In a normal state these things are keeping you free of infection and fighting off 
things that want to harm your body. This network is also significantly changed when 
you are on a high-fat diet," he added.  I believe that this refers to the EMOD oxidative 
protective system.   

Some people have networks that predispose them to diabetes when they become obese, 
others to high cholesterol and clogged arteries.  Some network patterns appeared to 
predispose some people to so-called metabolic syndrome, in which patients develop a 
cluster of symptoms including high blood sugar, high blood pressure and clogged 
arteries.  

And a lucky few can become obese with no apparent direct health consequences, at least 
as concerns heart disease and diabetes. 

4.4.7  Overweight women have worse breast cancer 

Breast cancer patients who are overweight have more aggressive disease and are 
likely to die sooner, U.S. researchers reported on 3/15/08.  A dangerous type of breast 
cancer, known as inflammatory breast cancer, was seen in 45 percent of obese patients, 
compared with 30 percent of overweight patients and 15 percent of patients of healthy 
weight.  "The more obese a patient is, the more aggressive the disease," said Dr. Massimo 
Cristofanilli of the University of Texas M.D. Anderson Cancer Center, who led the study.  
"We are learning that the fat tissue may increase inflammation that leads to more 
aggressive disease." 

Please remember that inflammation is pathogmnomonic of hypoxia. 

Writing in the journal Clinical Cancer Research, Cristofanilli and colleagues said they 
studied 606 women with breast cancer that had spread within the breast. 

They classified them according to body mass index or BMI, a globally accepted measure 
of obesity. People with BMIs of below 25 are considered normal, while 25-29 marks 
overweight and 30 or above is clinically obese.  After five years, 56.8 percent of obese 
women and 56.3 percent of overweight women were still alive. But 67.4 percent of the 
normal weight women had survived.  More than 56 percent of women of normal weight 
survived 10 years, compared to 42.7 percent of obese women and 41.8 percent of 
overweight women. 

"Obesity goes far beyond just how a person looks or any physical strain from 
carrying around extra weight. Particular attention should be paid to our overweight 
patients," Cristofanilli said. 

Many studies have shown that the obese have a greater risk of several types of cancer. In 
February of 2008, British researchers reported in the Lancet medical journal that obesity 
can double the risk of leukemia, multiple myeloma, thyroid cancer, colon and kidney 
cancers. 



Fat cells produce a range of hormones that could fuel cancer, researchers say.  I believe 
that the antioxidant, estrogen, is one of the worst offenders. 

4.4.8   Diabetes Secondary to Other Conditions 

Conditions that damage or destroy the pancreas, such as pancreatitis, pancreatic surgery, 
or certain industrial chemicals can cause diabetes. Polycystic ovaries are highly 
associated with diabetes. Certain drugs can also cause temporary diabetes, including 
corticosteroids, beta-blockers, and phenytoin. Rare genetic disorders (Klinefelter's 
syndrome, Huntington's chorea, Wolfram's syndrome, leprechaunism, Rabson-
Mendenhall syndrome, lipoatrophic diabetes, and others) and hormonal disorders 
(acromegaly, Cushing's syndrome, pheochromocytoma, hyperthyroidism, 
somatostatinoma, aldosteronoma) are associated with or increase the risk for diabetes. 

I find it of great interest that bariatric surgery, which primarily lessens 
the “lipid EMOD sink”, relieves diabetic and cardiovascular symptoms 
and the progression of these diseases.  I believe that simple removal of these 
EMOD traps (unsaturated fats with their double bonds) allows for the dissoloution 
of plaque microaggregates on endothelial vascular walls and allows for the increase 
in EMODs to reverse diabetes. 

The less oxygen radicals are trapped by the lipid EMOD sink, the more is available 
to fight diseases, such as cancer, diabetes and atherosclerosis. 

4.5.0   Obesity linked to decreased EMODs 

The role of inflammation and oxidative stress in the development of obesity and 
associated metabolic disorders is under debate. Galinier et al. investigated the redox 
metabolism in a non-diabetic obesity model, i.e. 11-week-old obese Zucker rats. 
Antioxidant enzyme activities, lipophilic antioxidant ( -tocopherol, coenzymes Q) and 
hydrophilic antioxidant (glutathione, vitamin C) contents and their redox state (% 
oxidized form), were studied in inguinal white fat and compared with blood and liver. 
The adipose tissues of obese animals showed a specific higher content of 
hydrophilic molecules in a lower redox state than those of lean animals, 
which were associated with lower lipophilic molecule content and lipid 
peroxidation. Conversely and as expected, glutathione content decreased and its redox 
state increased in adipose tissues of rats subjected to lipopolysaccharide-induced systemic 
oxidative stress. In these in vivo models, oxidative stress and obesity thus had 
opposite effects on adipose tissue redox state. Moreover, the increase in glutathione 
content and the decrease of its redox state by antioxidant treatment promoted in vitro the 
accumulation of triglycerides in preadipocytes. Taken together and contrary to the 
emergent view, their results suggest that obesity is associated with an 
intracellular reduced redox state that promotes on its own the development of 
a deleterious proadipogenic process (Adipose Tissue Proadipogenic Redox Changes in 
Obesity. Anne Galinier et al. J. Biol. Chem., Vol. 281, Issue 18, 12682-12687, May 5, 



2006). This fits well with my Unified theory and my concept of an EMOD deficiency 
syndrome and its association of obesity. 

4.5.1   EMOD formation and activity reduced 5 fold in obese mice 

Reactive oxygen species (ROS) and endothelin-1 (ET-1) contribute to vascular 
pathophysiology in obesity. In this context, whether ET-1 modulates hydroxyl radical (
OH) formation and the function of ROS/ OH in obesity is not known. In the present 
study, formation and function of ROS, including OH, were investigated in the aorta of 
lean and leptin-deficient obese ob/ob mice. Hydroxyl radical formation was detected ex 
vivo using terephthalic acid in intact aortic rings and the involvement of ROS in ET-1-
mediated vasoreactivity was analyzed using the antioxidant EPC-K1, a combination of -
tocopherol and ascorbic acid. Generation of either OH, O2

–, and H2O2 was strongly 
inhibited by EPC-K1 (all P < 0.05). In obese mice, basal vascular OH 
formation and ROS activity were reduced by 3-fold and 5-fold, 
respectively (P < 0.05 vs. lean). ET-1 markedly enhanced OH formation in lean 
(6-fold, P < 0.05 vs. untreated) but not in obese mice. Obesity increased ET-1-induced 
contractions (P < 0.05 vs. lean), and ROS scavenging further enhanced the response (P < 
0.05 vs. untreated). Exogenous ROS, including OH caused stronger vasodilation in 
obese animals (P < 0.05 vs. lean), whereas endothelium-dependent relaxation was 
similar between lean and obese animals. In conclusion, They present a sensitive method 
allowing ex vivo measurement of vascular OH generation and provide evidence that 
ET-1 regulates vascular OH formation.  

The data indicate that in obesity, vascular formation of ROS, including 
OH is lower, whereas the sensitivity to ROS is increased, suggesting a novel and 

important role of ROS, including OH in the regulation of vascular tone in disease status 
associated with increased body weight (Endothelin stimulates vascular hydroxyl radical 
formation: effect of obesity. Alexa L. Mundy et al. Am J Physiol Regul Integr Comp 
Physiol 293: R2218-R2224, 2007).  I believe that this is an extremely important study. 

4.5.2   Obesity, diabetes and EMODs 
 
Obesity is now recognized as a major risk factor for many pathologies. The state of 
obesity is reportedly associated with an increase in reactive oxygen species; persistent 
overconsumption of calories in the obese may be exposing them to excessive damage 
besides maintaining the state of obesity. It is possible that dietary modification and 
association with assumption of antioxidant and omega-3 oral integration contributes to a 
reduction in reactive oxygen species generation and a corresponding reduction in indexes 
of oxidative damage, including lipid peroxidation. Given this back-ground, the pro/anti-
oxidant balance, biochemical parameters and the body composition were studied in two 
groups of obese women: a first group of 10 obese women were studied before and after 
eight weeks of dietary restriction and a second group of 12 obese women were studied 
before and after eight weeks of dietary restriction and oral administration of antioxidant 
and omega-3. In summary, as regards the preliminary results of clinical outcome 
parameters, interestingly enough the glycemic levels fall markedly in association with 



both dietary restriction and oral integration with antioxidant and omega-3. Another 
important finding of this study is that of calcium levels and phase angle (measured by 
impedenzometry) increase in the group treated with dietary restriction and oral 
administration of antioxidant and omega-3 (Dietary restriction and oral administration of 
antioxidant and omega-3: what are the effects on the clinical variables in a group of obese 
women?] [Article in Italian] Rondanelli M et al. Minerva Gastroenterol Dietol. 2001 
Dec;47(4):195-204). 
 
Increased production of mitochondrial reactive oxygen species (ROS) by hyperglycemia 
is recognized by some as a major cause of the clinical complications associated with 
diabetes and obesity [Brownlee, M. (2001) Nature 414, 813-820]. Yu observed that 
dynamic changes in mitochondrial morphology are associated with high glucose-induced 
overproduction of ROS. Mitochondria undergo rapid fragmentation with a concomitant 
increase in ROS formation after exposure to high glucose concentrations. Neither ROS 
increase nor mitochondrial fragmentation was observed after incubation of cells with the 
nonmetabolizable stereoisomer L-glucose. However, inhibition of mitochondrial 
pyruvate uptake that blocked ROS increase did not prevent 
mitochondrial fragmentation in high glucose conditions. Importantly, Yu 
found that mitochondrial fragmentation mediated by the fission process is a 
necessary component for high glucose-induced respiration increase and ROS 
overproduction. Extended exposure to high glucose conditions, which may mimic 
untreated diabetic conditions, provoked a periodic and prolonged increase in ROS 
production concomitant with mitochondrial morphology change. Inhibition of 
mitochondrial fission prevented periodic fluctuation of ROS production during high 
glucose exposure. These results indicate that the dynamic change of mitochondrial 
morphology in high glucose conditions contributes to ROS overproduction and that 
mitochondrial fission/fusion machinery can be a previously unrecognized target to 
control acute and chronic production of ROS in hyperglycemia-associated disorders 
(Increased production of reactive oxygen species in hyperglycemic conditions requires 
dynamic change of mitochondrial morphology. Yu T, Robotham JL, Yoon Y. Proc Natl 
Acad Sci U S A. 2006 Feb 21;103(8):2653-8). I believe that the mitochondrial fission 
precedes the increase EMOD production seen with hyperglycemia.  Thus, EMODs 
are the result of mitochondrial morphology changes and not causative of the 
mitochondrial changes. Remember that other studies have shown that hypoglycemia 
increases EMOD levels.  Which is right? 
 

Endogenously formed reactive oxygen species may continuously damage cellular 
constituents including DNA. These challenges, coupled with exogenous exposure to 
agents that generate reactive oxygen species, are both associated with normal aging 
processes and linked to cardiovascular disease, cancer, cataract formation, and fatty liver 
disease. Although not all of these diseases have been definitively shown to originate from 
mutations in nuclear DNA or mitochondrial DNA, repair of oxidized, saturated, and ring-
fragmented bases via the base excision repair pathway is known to be critical for 
maintaining genomic stability. One enzyme that initiates base excision repair of ring-
fragmented purines and some saturated pyrimidines is NEIL1, a mammalian homolog to 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Yu+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Robotham+JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Yoon+Y%22%5BAuthor%5D


Escherichia coli endonuclease VIII. To investigate the organismal consequences of a 
deficiency in NEIL1, a knockout mouse model was created. In the absence of 
exogenous oxidative stress, neil1 knockout (neil1-/-) and heterozygotic (neil1+/-) 
mice develop severe obesity, dyslipidemia, and fatty liver disease and also have a 
tendency to develop hyperinsulinemia. In humans, this combination of clinical 
manifestations, including hypertension, is known as the metabolic syndrome and is 
estimated to affect >40 million people in the United States. Additionally, mitochondrial 
DNA from neil1-/- mice show increased levels of steady-state DNA damage and 
deletions relative to wild-type controls. These data suggest an important role for NEIL1 
in the prevention of the diseases associated with the metabolic syndrome (The metabolic 
syndrome resulting from a knockout of the NEIL1 DNA glycosylase. Vartanian V, 
Lowell B, Minko IG, Wood TG, Ceci JD, George S, Ballinger SW, Corless CL, 
McCullough AK, Lloyd RS. Proc Natl Acad Sci U S A. 2006 Feb 7;103(6):1864-9). I 
interpret this to mean that without EMOD generation, a neill knockout mouse will 
develop metabolic syndrome.  I believe that this indicates that EMODs are not 
responsible for metabolic syndrome. 
 
Oxidative stress may be the unifying mechanism underlying the development of 
comorbidities in obesity. Evidence suggests that a clustering of sources of oxidative 
stress exists in obesity: hyperglycemia, hyperleptinemia, increased tissue lipid levels, 
inadequate antioxidant defenses, increased rates of free radical formation, 
enzymatic sources within the endothelium, and chronic inflammation. METHOD: 
This review provides a summary of the available evidence on systemic oxidative stress in 
humans and specific metabolic pathways by which obesity may elevate systemic oxidant 
stress. The authors suggest possible methods of reducing oxidative stress such as 
antioxidant supplementation, caloric restriction and/or physical activity and 
surgical intervention to combat free radicals and reduce adipose tissue. Obesity is 
associated with oxidative stress and can be reduced with weight loss (regardless of 
exercise or surgery induced weight loss), caloric restriction or antioxidant rich diets. 
CONCLUSION: Oxidative stress levels are elevated in human obesity, and these 
levels are modifiable with various lifestyle modifications and surgical interventions 
(Biomarkers and potential mechanisms of obesity-induced oxidant stress in humans. 
Vincent HK, Taylor AG. Int J Obes (Lond). 2006 Mar;30(3):400-18). I do not believe 
that EMOD levels are causative of obesity.  If they were then exercise would result 
in increased EMOD production and increased obesity….but it does not.  Also, it has 
been shown that EMOD levels can be increased in times of starvation or caloric 
restriction. Thus, EMODs are not causative of obesity.  
 
We are witnessing an unprecedented rise in obesity and Type 2 diabetes. Disturbances in 
peripheral glucose regulation are associated with cognitive impairment and 
depressed mood, especially in older adults. Multiple mechanisms and mediators underlie 
this association including insulin, glucose, neurotropic factors, glucocorticoids, 
inflammatory agents and reactive oxygen species. Importantly, prevention and even 
reversal of diabetes and obesity related cognitive impairment and depressive mood can be 
brought about by lifestyle modification. In particular, increasing physical fitness and 
moderating/changing food intake will have beneficial effects (Metabolism, mood and 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Lowell+B%22%5BAuthor%5D
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cognition in aging: the importance of lifestyle and dietary intervention. Hendrickx H, 
McEwen BS, Ouderaa F. Neurobiol Aging. 2005 Dec;26 Suppl 1:1-5). 

4.5.3   Nesfatin-1 regulates appetite 

Scientists in Japan have identified a molecule responsible for making mammals feel full, 
a discovery that could lead to new ways to treat obesity in humans. Scientists believe 
appetite is controlled in a region of the brain called the hypothalamus, and the group of 
researchers claims to be the first to pinpoint an agent that triggers an increase or decrease 
in appetite. 

In an article published on 10/1/06 in the online version of the journal Nature, the 
scientists identified the molecule as nesfatin-1, which is produced naturally in the brain. 
After injecting the molecule into the brains of rats, the scientists observed that the rodents 
began to eat less and lose weight. The researchers also were able to induce the rats to eat 
more, by blocking nesfatin-1. 

"After we injected anti-nesfatin-1 antibody, these rats showed increased appetite and 
finally showed a progressive increase in body weight," Masatomo Mori of the medicine 
and molecular science department at Gunma University Graduate School of Medicine 
told Reuters in a telephone interview. 

Mori said the finding could pave the way for treating obesity, which has become a major 
health problem in the developing world as well as in economically advanced countries. 

There are at least a billion overweight adults across the world, 300 million of them 
considered obese, according to the World Health Organization. Obesity has been linked 
to chronic diseases, such as type 2 diabetes, cardiovascular disease, hypertension and 
stroke, and some forms of cancer.  

 

 

Ninety two year old Jack LaLanne  
says that inactivity is death and that  

exercise is life. 
I say that this is so because of the copious amounts of electronically 

modified oxygen derivatives (EMODs) produced  
during these work-out periods. 

Exercise conjures up and brings forth  
the magic of  EMODs. 
R. M. Howes, M.D., Ph.D. 

11/23/06 
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4.6.0   Exercise, Oxidative Stress and Diabetes 
 
Exercise is associated with an increase in oxygen flux through the mitochondrial electron 
transport chain that has recently been demonstrated to increase the production of 
reactive oxygen species (ROS) in skeletal muscle (Am J Physiol Heart Circ Physiol 
290: H2453-H2458, 2006). 
 
Paradoxically, although moderate exercise poses an acute oxidant stress, regular 
endurance exercise is associated with improved cardiovascular function and a 
reduction in traditional CVD risk factors (Gielen, S, Schuler, G, Hambrecht, R. (2001) 
Exercise training in coronary artery disease and coronary vasomotion Circulation 
103,E1-E6). 
 
The oxidation theory is supported by the presence of oxidized LDL within atherosclerotic 
lesions and the correlation between the sensitivity of LDL to oxidation and risk of CVD 
(Berliner, JA, Heinecke, JW. (1996) The role of oxidized lipoproteins in atherogenesis 
Free Radic Biol Med 20,707-727). Please remember that plaques also contain high 
levels of antioxidants. In contrast to the aforementioned atherogenic effects of oxidized 

LDL, in some cases, circulating oxidized lipids promote induction of antioxidant defenses 
and the inhibition of apoptosis (Moellering, DR, Levonen, AL, Go, YM, et al (2002) 
Induction of glutathione synthesis by oxidized low-density lipoprotein and 1-palmitoyl-2-
arachidonyl phosphatidylcholine: protection against quinone-mediated oxidative stress 
Biochem J 362,51-59) . 
 
Consistent with the idea that oxidative injury contributes to diabetes and hypertension, 
treatment with antioxidants such as vitamins E and C has been shown to improve 
vasodilatation and insulin sensitivity (Correa, R, Blanco, B, Del Rio, M, et al (1999) 
Effect of a diet supplemented with thioproline on murine macrophage function in a model 
of premature ageing Biofactors 10,195-200) ; however, the effectiveness of 
antioxidants in preventing disease remains controversial (Parthasarathy, S, 
Khan-Merchant, N, Penumetcha, M, Khan, BV, Santanam, N. (2001) Did the antioxidant 
trials fail to validate the oxidation hypothesis? Curr Atheroscler Rep 3,392-39842) . 
 
Protective cardiovascular adaptations observed with regular aerobic exercise 
include decreased blood pressure, reduced platelet aggregation and adhesiveness, 
and increased coronary blood flow (Gielen, S, Schuler, G, Hambrecht, R. (2001) 
Exercise training in coronary artery disease and coronary vasomotion Circulation 
103,E1-E6). 
 

The molecular mechanisms involved in the protective effects of exercise are not known. 
Identifying these mechanisms is important and will provide key insights for the 
therapeutic treatment of these diseases and understanding how the beneficial effects of 
exercise are affected and interact with other lifestyle factors, including diet. In addition, it 



is important to understand whether exercise of different types (aerobic vs. anaerobic), 
intensity, and duration have differential effects on disease initiation and progression. 
Relatively few studies have addressed these issues, and this remains an area of active 
investigation. With regards to obesity, oxidative damage, and vascular disease, it has 
been suggested that exercise intensity and duration positively correlate with the 
degree of protection (Powers, SK, Ji, LL, Leeuwenburgh, C. (1999) Exercise training-
induced alterations in skeletal muscle antioxidant capacity: a brief review Med Sci Sports 
Exerc 31,987-997) (Poirier, P, Després, JP. (2001) Exercise in weight management of 
obesity Cardiol Clin 19,459-470) (Manson, JE, Hu, FB, Rich-Edwards, JW, et al (1999) 
A prospective study of walking as compared with vigorous exercise in the prevention of 
coronary heart disease in women N Engl Med 341,650-658) (Hu, FB, Manson, JE. (2000) 
Exercise intensity and risk of chronic disease JAMA 284,1784-1785) .  

4.6.1   Exercise reduces atherogenic risk which can be blocked by vitamin E 
 
The mechanism(s) by which exercise reduces atherogenic risk remains unknown. 
This study tested the hypothesis that sustained exercise-induced oxidative stress may 
increase antioxidant defense in the arterial wall. Acute exercise induced an increase in 
antibodies to oxidatively modified proteins and catalase in the aortic walls of normal mice 
compared with sedentary control mice. In male atherogenic diet-fed low density 
lipoprotein (LDL) receptor-deficient mice, exercise lowered plasma cholesterol 

(15%) and decreased atherosclerotic lesions by 40% compared with values in 
sedentary control mice, with a concomitant increase in arterial catalase and endothelial 
NO synthase. Because these mice lack the LDL receptor, the results indicate that the 
LDL receptor might not be responsible for the exercise-induced lowering of plasma 
cholesterol. Vitamin E supplementation to exercising LDL receptor-
deficient mice did not reduce atherosclerotic lesion formation 
significantly as opposed to lesion formation in untreated exercised mice. 
Moreover, vitamin E counteracted the beneficial effects of exercise by preventing the 
induction of aortic catalase activity and endothelial NO synthase expression. 
Furthermore, vitamin E supplementation could be deleterious in exercisers 
by inhibiting antioxidant enzyme buildup in the arterial wall (Role of Arterial Wall 
Antioxidant Defense in Beneficial Effects of Exercise on Atherosclerosis in Mice. Olivier 
Meilhac et al. Arteriosclerosis, Thrombosis, and Vascular Biology. 2001;21:1681). I 
believe that this paper shows that increased EMODs produced by exercise do 
prevent atherosclerosis and that this can be blocked by the antioxidant vitamin E.  
This is further support for my Unified theory. 
 
4.6.2   Exercise prevents some breast cancers 
 
A recent study (5/13/08) published in the British Journal of Sports Medicine reports that 
physically active women are 25% less likely to develop breast cancer. The 
researchers, hailing from Canada and Australia, note however that some groups have a 
greater likelihood of seeing preventive benefits than others. 
 
A woman's level of protectiveness against breast cancer is affected by several factors. 



Some of these include the type of physically activity undertaken, when in the woman's 
life that she is active, and the woman's body mass index (BMI) - a measure of a person's 
weight adjusted for height. The researchers found the lowest risk group for breast 
cancer to be lean women who play sports and remain physically active in their spare 
time. These traits were strongly related to a preventive quality, especially for women who 
have been through menopause. 
 
Conclusions for this study came from a meta-analysis of 62 papers that focused on 
physical activity and its association with the risk of breast cancer. The researchers sifted 
through the various findings of these studies to see how the risk of breast cancer was 
linked to the type and intensity of physical activity, when the activity was performed, and 
additional factors. 
 
Though all activity types reduced breast cancer risk, the most physically active women 
were least likely to develop the cancer. Recreational physical activity seemed to reduce 
the risk more than activities that were associated with a job or with housework. 
Additionally, they noted that moderate and vigorous activity had basically the same 
benefits. 
 
Post-menopausal women who had been very active during their lives were found to have 
the lowest breast cancer risk, and post-menopausal activity had a greater impact than 
activity performed earlier in life. Among obese women, physical activity did not 
reduce risk, whereas the greatest reduction in risk was seen in lean women. A lower 
breast cancer risk was also noted in women who were mothers, did not have a family 
history of the disease, were not white, and had estrogen receptor negative tumors. 
 
"Further observational epidemiological research is needed to clarify the biological 
mechanisms underlying the association between physical activity and reduced breast 
cancer risk, especially with regard to the type, duration and intensity of activity and to 
explain differences in population subgroup effects. We can expect continuing advances in 
knowledge of these mechanisms as the field is moving forward with important 
developments in methods, including improvements in physical activity assessment, 
animal models, development of suitable biomarkers and incorporation of new 
technologies such as microarrays that can examine gene and protein expression changes 
in response to physical activity," conclude the authors (Physical activity and breast cancer 
risk: impact of timing, type and dose of activity and population subgroup effects. C M 
Friedenreich, A E Cust. British Journal of Sports Medicine (2008).  Again, I believe that 
this is an effect of increased oxygen consumption and EMOD production. 
 
Women who were physically active as teens and young adults were 23 percent less 
likely to develop premenopausal breast cancer than women who grew up sedentary, 
researchers report in May 2008, in the Journal of the National Cancer Institute. 

The biggest impact was regular exercise from ages 12 to 22.  The women at lowest risk 
reported doing 3 hours and 15 minutes of running or other vigorous activity a week — or, 
for the less athletic, 13 hours a week of walking. Typically, the teens reported more 
strenuous exercise while during adulthood, walking was most common. 



Why would it help? A big point of exercise in middle age and beyond is to keep off 
the pounds. After menopause, fat tissue is a chief source of estrogen (an 
antioxidant). 

In youth, however, the theory is that physical activity itself lowers estrogen levels. 
Studies of teen athletes show that very intense exercise can delay onset of menstrual 
cycles and cause irregular periods. 

4.6.3   Differential effects of exercise on aortic mitochondria 
 
Routine exercise is widely recognized as cardioprotective. Exercise induces a variety 
of effects within the cardiovasculature, including decreased mitochondrial damage 
and improved aerobic capacity. It has been generally thought that the transient increase 
in oxidative stress associated with exercise initiates cardioprotective processes. Somewhat 
paradoxically, increased oxidative stress associated with cardiovascular disease (CVD) 
risk factors is thought to play an important role in the promotion and development of 
CVD. Hence, it is possible that CVD risk factors that increase oxidative stress (e.g., 
hypercholesterolemia) may modulate the cardioprotective effects of exercise. To 
determine the influence of preexistent hypercholesterolemia on cardioprotective effects of 
exercise, atherosclerotic lesion formation, oxidant load, mitochondrial damage, protein 
nitration (3-nitrotyrosine levels), and mitochondrial enzyme activities were determined in 
aortic tissues from normocholesterolemic (C57 control) and hypercholesterolemic 
[apoliprotein E-deficient (apoE–/–)] mice after 16 wk of regular exercise. In 
normocholesterolemic mice, regular exercise was associated with 
decreased mitochondrial damage and oxidant load and increased SOD2 
and adenine nucleotide translocator activities. Exercise did not decrease endogenous 

oxidant load and mitochondrial damage in hypercholesterolemic mice and did not reduce 
atherosclerotic lesion development. These data are consistent with the notion that CVD 
risk factors associated with increased oxidative stress can alter the benefits of exercise 
and that mitochondrial damage appears to be correlated with the cardiovascular effects of 
exercise (Differential effects of exercise on aortic mitochondria. C.G. Young et al. Am J 
Physiol Heart Circ Physiol 288: H1683-H1689, 2005). 
 
4.6.4   Exercise increases oxygen consumption 
 
The adaptation of muscle oxidative function to 6 weeks of endurance cycle training was 
investigated in eight untrained subjects. Peak oxygen consumption (V O2 peak) 
increased by 24% and lactate threshold intensity increased by 53%  following the 
training period. Following training, non-ADP-stimulated respiration (VO) of skinned 
fibres increased by 35% and maximal ADP-stimulated respiration (VmaX) increased by 
38%. ADP sensitivity [i.e. the ratio between mitochondrial respiration (after correction 
for VO) at 0.1 mM ADP and Vmax] was reduced after training. It is concluded that after 
endurance training: (1) the relative increase in maximal muscle fibre respiration 
exceeds that of whole-body oxygen uptake; (2) the sensitivity of mitochondrial 
respiration to ADP decreases; and (3) the impairment of oxidative function in  
skinned muscle fibres by ROS remains unchanged (Effect of endurance training on 



oxidative and antioxidative function in human permeabilized muscle fibres. Tonkonogi, 
M. et al. Pflugers Arch. 2001 Jun;442(3):420-5). 

4.6.5   Chronic exercise disassociates EMOD production and oxidative damage 

Evidence suggests that mitochondrial dysfunction and oxidant production, in association 
with an accumulation of oxidative damage, contribute to the aging process. Regular 
physical activity can delay the onset of morbidity, increase mean lifespan, and 

reduce the risk of developing several pathological states. No studies have examined 
age-related changes in oxidant production and oxidative stress in both subsarcolemmal 
(SSM) and interfibrillar (IFM) mitochondria in combination with lifelong exercise. Judge 
et al.investigated whether long-term voluntary wheel running in Fischer 344 rats altered 
hydrogen peroxide (H2O2) production, antioxidant defenses, and oxidative damage in 
cardiac SSM and IFM. At 10–11 wk of age, rats were randomly assigned to one of two 
groups: sedentary and 8% food restriction (sedentary; n = 20) or wheel running and 8% 
food restriction (runners; n = 20); rats were killed at 24 mo of age. After the age of 6 mo, 
running activity was maintained at an average of 1,145 ± 248 m/day. Daily energy 
expenditure determined by doubly labeled water technique showed that runners 
expended on average 70% more energy per day than the sedentary rats. Long-term 
voluntary wheel running significantly reduced H2O2 production from both SSM (–
10.0%) and IFM (–9.6%) and increased daily energy expenditure (kJ/day) significantly 
in runners compared with sedentary controls. Additionally, MnSOD activity was 
significantly lowered in SSM and IFM from wheel runners, which may reflect a reduction 
in mitochondrial superoxide production. Activities of the other major antioxidant 
enzymes (glutathione peroxidase and catalase) and glutathione levels were not altered by 
wheel running. Despite the reduction in mitochondrial oxidant production, 
no significant differences in oxidative stress levels (4-hydroxy-2-
nonenal-modified proteins, protein carbonyls, and malondialdehyde) 
were detected between the two groups. The health benefits of chronic exercise 

may be, at least partially, due to a reduction in mitochondrial oxidant production; 
however, we could not detect a significant reduction in several selected parameters of 
oxidative stress (Exercise by lifelong voluntary wheel running reduces subsarcolemmal 
and interfibrillar mitochondrial hydrogen peroxide production in the heart. Sharon Judge 
et al. Am J Physiol Regul Integr Comp Physiol 289: R1564-R1572, 2005).  I believe that 
this shows that EMOD production, as evidenced by H2O2 production, is not related 
to so called oxidative stress and production of so called harmful products of 
oxidation. 
 
4.6.6   Exercise cuts diabetes risk in big waisted people 

Diabetes affects about 194 million people worldwide. Experts say the number could rise 
to 333 million by 2025. The illness also increases the risk of heart disease, stroke, 
blindness, kidney damage and nerve disorders that can lead to foot ulceration and 
amputations. Exercise can help people with large waistlines reduce their risk of 
developing type 2 diabetes, Finnish researchers said on 9/1/06. 



Type 2 diabetes, the more common form of the illness caused by an inability to make or 
properly use insulin, is linked to being overweight or obese. But scientists from the 
National Public Health Institute in Helsinki found that people with large waistlines who 
exercise were less likely to suffer from type 2 diabetes than their less active 
counterparts. "People who were obese were more likely to be diagnosed with glucose 
intolerance and type 2 diabetes but if they were physically active their risk was 
significantly lower," said Katja Borodulin, who headed the study. 

Glucose intolerance is an early indication that glucose is not being processed efficiently 
in the body. 

"The novelty value of our study is that we used waist-to-hip ratio which is a 
measure of abdominal obesity and not body mass index (BMI) which was used in 
previous studies," she added in an interview. Borodulin and her team studied the impact 
of exercise on 1,812 normal and overweight people in the study published in the journal 
Diabetic Medicine. They found that physically inactive people with large waistlines 
had a 5.5 times greater risk of suffering from diabetes than active people with small 
waists. They added that 30 minutes of exercise five times a week could help people with 
large waists lower their odds of suffering the illness by 4.2 times. 

A large waistline, high blood pressure, raised insulin levels, excess body weight and 
abnormal cholesterol levels are a cluster of signs of metabolic syndrome. If someone has 
three or more symptoms they have the syndrome and are at a higher risk of suffering 
from heart disease and stroke as well as diabetes. 

Simon O'Neill, of the charity Diabetes UK, said the research showed that exercise 
reduces the risk of developing diabetes regardless of a person's waist size. 

"Your waist should measure less than 31.5 inches for women, 37 inches for white and 
black men, and 35 inches for South Asian men.  

4.6.7   Exercise boon for obesity, diabetes 

Walking a bit more each day can help people control their Type 2 diabetes but obese 
people trying to keep weight off may need to exercise harder than they had thought, 
according to a studies published on 7/28/08.  , Michael Trenell of Britain's Simply 
walking 45 minutes more each day helped people with diabetes use blood sugar 
better Newcastle University and colleagues wrote in the journal Diabetes Care. 

The Newcastle team paired 10 Type 2 diabetes patients with people without the condition 
of similar height, weight and age and asked everybody to walk more than 10,000 steps 
each day.  Magnetic resonance imaging or MRI scans showed that people who walked 
45 minutes more each day burned about 20 percent more fat -- increasing the ability 
of the muscles to store sugar and help control diabetes, the researchers said.  "What is 
exciting about this study is that it provides an immediate way to help control diabetes 
without any additional drugs," Trenell said. 



Diabetes affects an estimated 246 million adults worldwide and accounts 
for 6 percent of all global deaths. Type 2 diabetes accounts for about 90 
percent of all diabetes cases and is closely linked to obesity and physical 
inactivity.  I believe that this is another classic example of coexisting diseases and 
its relationship to exercise and increased EMOD levels. 

Obesity and diabetes both are growing problems as more developing nations adopt a 
Western lifestyle, something the International Diabetes Federation estimates will propel 
the number of people with diabetes to 380 million by 2025. 

But current exercise guidelines calling for people to get 150 minutes -- 2.5 hours -- 
each week may not be enough to help the obese keep weight off, John Jakicic of the 
University of Pittsburgh and colleagues wrote in the Archives of Internal Medicine. 

To determine an optimal amount of exercise, the U.S. team enrolled 201 overweight and 
obese women in a weight loss programme between 1999 and 2003 and assigned them to 
one of four exercise groups.  After six months, women in all four groups had lost an 
average of 8 to 10 percent of their weight but many gained it back.  Women assigned to 
exercise for about an extra hour each day did not gain the weight back, the 
researchers said. These women were also more likely to stick to healthy diets. 

Jakicic recommended that people who want to lose weight and keep it off get at least 
4-1/2 hours of exercise a week.  "There is a growing consensus that more exercise may 
be necessary to enhance long-term weight loss," Jakicic and colleagues wrote. 

4.6.8   Sweet fruit drinks found to lead to diabetes 

Sweetened fruit drinks are often marketed as a healthier alternative to non-diet soft 
drinks but are just as likely to cause weight gain and increase the risk of diabetes, 
researchers said on 7/28/08.  "The public should be made aware that these drinks are not 
a healthy alternative to soft drinks with regard to risk of type 2 diabetes," Julie Palmer 
and colleagues at Boston University wrote in their report, published in the Archives of 
Internal Medicine. 

Type 2 diabetes, the most common form of the disease, is closely linked to obesity 
and has become more common worldwide.  The findings came from a look at nearly 
44,000 black women in the United States who were checked from 1995 through 2005. 

Those who said they drank two or more non-diet soft drinks a day had a 24 percent 
increased risk for developing type 2 diabetes than those in the study who drank fewer 
than one regular soft drink per month, the research team said. 

Women who drank two or more sweetened fruit drinks per day had a 31 percent 
increased risk compared to those who drank fewer than one such fruit drink a month. Diet 
soft drinks, grapefruit juice and orange juice were not linked to a higher diabetes risk, the 
researchers said. 



While pure orange and grapefruit juices also contain sugars naturally, they may have a 
different metabolic effect or may be more likely to be consumed as part of a meal, the 
investigators said.  An earlier study involving thousands of white women also linked 
diabetes to both soft drinks and sweetened juices, the report said. 

Another study in the same journal found that eating fruits and vegetables seems to 
ward off type 2 diabetes, perhaps by preventing obesity or providing protective 
nutrients, including antioxidants. 

A third study found that a low-fat diet does not seem to change the risk of 
diabetes. 

"The common denominator that appears clear is that calories trump everything," Dr. 
Mark Feinglos of the Duke University Medical Center in North Carolina wrote in a 
commentary in the same issue. "And certain nutrients, like high fructose corn syrup, 
make it easier to overeat," he added. 

"If you keep the calories low, you can probably eat almost anything, which is what 
the low-carb diets show us. Specific metabolic issues aside, an important reason that 
low carb works is because you don't eat a lot of calories." 

4.6.9   Diabetes, oxidative stress and physical exercise 
 
The following discussions are excerpted and based on materials from the following 
review article:  (Atalay, M. and Laaksonen, D.E., Diabetes, oxidative stress and physical 
exercise.  2002; J Sports Sci Med 1: 1-14).   
 
During moderate exercise oxygen consumption increased by 8-10 fold, and oxygen 
flux through the muscle may increase by 90-100 fold.  Even moderate exercise may 
increase free radical production and overwhelm antioxidant defenses, presumably 
resulting in an oxidative insult (Sen, C.K. and Packer, L. Thiol homeostasis and 
supplements in physical exercise. Am J Clin Nutr.  2000; 72: 653S-669S).  
 
It was first shown in 1978 by Dillard et al. (Dillard, C.J., Litov, R.E., Savin, W.M., 
Dumelin, E.E. and Tappel, A.L. Effects of exercise, vitamin E and ozone on pulmonary 
function and lipid peroxidation. J of App Physio  1978; 45: 927-932), that in humans, 
even a moderate intensity of exercise increased the content of pentane, a lipid 
peroxidation byproduct, in expired air.  1982 Davies et al. for the first time provided 
the direct evidence using electron paramagnetic resonance spectroscopy.  In rats 
exhaustive treadmill exercise increased the free radical concentration by 2- to 3-fold 
of skeletal muscle and liver. (Davies, K.J., Quintanilha, A.T., Brooks, G.A. and Packer, 
L.  Free radicals and tissue damage produced by exercise.  Biochem Biophy Res Comm 
1982; 107: 1198-1205).   
 
Further studies demonstrated that strenuous exercise induces oxidative stress as 
measured by oxidative damage of lipids, proteins and even the genetic material. (Ji, 



L.L.  Antioxidants and oxidative stress in exercise.  Proc Soc Exper Biol Med  1999; 222: 
283-292), (Atalay, M. and Sen, C.K.  Physical exercise and antioxidant defenses in the 
heart.  Ann NY Acad Sci  1999; 874: 169-177).  
 
 Thus, regular physical exercise should induce many of the 100 diseases ascribed to 
oxidative stress but as we all know, exercise is good for us and is contrary to the 
beliefs of the free radica-phobes. 
 
Diabetes mellitus (DM) is a syndrome characterized by abnormal insulin secretion, 
derangement in carbohydrate and lipid metabolism and is diagnosed by the presence of 
hyperglycemia.  Diabetes is a major worldwide health problem predisposing to markedly 
increased cardiovascular mortality and serious morbidity and mortality related to 
development of nephropathy, neuropathy and retinopathy.  The prevalence of type 2DM 
among adults varies from less than 5% to over 40% depending on the population in 
question.  Due to increasing obesity, sedentariness and dietary habits in both Western and 
developing countries, the prevalence of type 2 DM is growing at an exponential rate. 
(Zimmet, P.Z., McCarty, D.J. and de Courten, M.P.  The global epidemiology of non-
insulin-dependent diabetes mellitus and the metabolic syndrome.  J Diab Compl 1997; 
11: 60-68).   
 
Increased oxidative stress as measured by indices of lipid peroxidation and protein 
oxidation has been shown to be increased in both insulin dependent diabetes 
(IDDM), and non-insulin dependent (NIDDM) (Cederberg, J., Basu, S. and Eriksson, 
U.J.  Increased rate of lipid peroxidation and protein carbonylations in experimental 
diabetic pregnancy.   Diabetologia 2001; 44: 766-774), even in patients without 
complications.   
 
Increased oxidized low density lipo-protein (LDL) or susceptibility to oxidation has also 
been shown in diabetes. 
 
Despite strong experimental evidence indicating that oxidative stress may determine the 
onset and progression of late-diabetes complications, controversy exists about whether 
the increased oxidative stress is merely associative rather than causal in DM.  This is 
partly because measurement of oxidative stress is usually based on indirect and 
nonspecific measurement of products of reactive oxygen species and partly because most 
clinical studies in DM patients have been cross-sectional. (Laaksonen, D.E. and Sen, 
C.K.  Exercise and oxidative stress in diabetes mellitus.  In:  Handbook of Oxidants and 
Antioxidants in Exercise 2000; 1105-1136). 
 
The mechanisms behind the apparent increased oxidative stress in diabetes are not 
entirely clear.  Accumulating evidence points to a number of inter-related mechanisms, 
increasing production of free radicals such as superoxide or decreasing antioxidant status.  
These mechanisms include glycoxidation and formation of advanced glycation products, 
activation of the polyol pathway and altered cell and glutathione redox status and 
ascorbate metabolism antioxidant enzyme inactivation and perturbations in nitric oxide 
and prostaglandin metabolism. 



 
Large prospective studies  suggest that regular exercise and physical fitness as 
measured by maximal oxygen consumption have protective effects on cardiovascular 
disease and mortality (Lakka, T.A., Venalainen, J.M., Rauramaa, R., Salonen, R., 
Tuomilehto, J. and Salonen, J.T.  Relation of leisure-time physical activity and 
cardiorespiratory fitness to the risk of acute myocardial infarction.  New Engl J Med 
1994; 330: 1349-1554).   
 
I believe that these protective effects of exercise are directly related to increased 
levels of reactive oxygen species and excitation states. The relative benefits or risks of 
acute and chronic exercise in relation to oxidative stress in groups with increased 
susceptibility to oxidative stress such as diabetic patients are not known.  Investigators 
recently found increased oxidative stress as measured by plasma thiobarbituric acid 
reactive substances (TBARS) at rest and after exercise in young men with type 1 
DM.  Physical fitness as measured by maximal oxygen consumption (VO2 max), 
however, was strongly inversely correlated with plasma TBARS in the diabetic men 
only, suggesting a protective effect of fitness against oxidative stress. 
 
In vitro studies have suggested that glycation itself may result in production of 
superoxide.  Oxidation has been hypothesized to result in generation of superoxide, H2O2 
and through transition metal catalysis, hydroxyl radical. (Wolff, S.P., Jiang, Z.Y. and 
Hunt, J.V.  Protein glycation and oxidative stress in diabetes mellitus and aging.  Free 
Rad Biol Med  1991; 10: 339-352).  Catalase and other antioxidants decrease cross 
linking and AGE formation. 
 
Tissue glutathione is believed to play a central role in antioxidant defense.  Glutathione 
is a tripeptide which has “free” sulfhydryl groups available to reduce H2O2 to water.  
The GSH is reduced by donating hydrogen to the hydrogen peroxide catalysed by 
glutathione peroxidase. The reduced glutathione (GSSG) is then oxidized by the 
reduction of NADPH catalysed by glutathione reductase.   Reduced glutathione 
detoxifies reactive oxygen species such as hydrogen peroxide and lipid peroxides 
directly or in a glutathione peroxidase (GPx) catalyzed mechanism.  Glutathione also 
regenerates the major aqueous and lipid phase antioxidants, ascorbate and a-tocopherol.  
Glutathione reductase (GRD) catalyzes the NADPH dependent reduction of oxidized 
glutathione, serving to maintain intracellular glutathione stores and a favorable redox 
status.  Glutathione-S-transferase (GST) catalyzes the reaction between the -SH group 
and potential alkylating agents, rendering them more water soluble and suitable for 
transport out of the cell.  GST can also use peroxides as a substrate. 
 
Type 2 diabetic patients had decreased erythrocyte GSH and increased GSSG levels. 
(Jain, S.K. and McVie, R.  Effect of glycemic control race (white versus black), and 
duration of diabetes on reduced glutathione content in erythrocytes of diabetic patients. 
Meta 1994; 43: 306-309). I believe that this may indicate that diabetics have a high 
reduction stress level. 
 



It has to be clarified whether the levels are decreased in patients without complications 
and whether patients with complications have even lower levels.  The 
pathophysiological significance of decreased glutathione levels in DM remains to be 
shown. 
 
Changes in glutathione dependent enzymes in experimental diabetic models have been 
contradictory.  Most studies show tissue and time dependent changes in enzyme activity.  
Even taking these factors into account, no consensus can be found among studies 
about the impact of DM on glutathione dependent enzyme activity.  Changes in 
glutathione dependent enzymes in diabetic patients are also inconsistent.  Differences in 
results cannot be completely explained by study methodology.  I believe that all of 
this confusion arises from the fact that investigators are trying to apply their data to 
the erroneous free radical oxidation theory of disease.  Consequently, the data does 
not make sense, yet they are hell bound to make it fit the theory. 
 
Superoxide dismutase (SOD) and catalase are also major antioxidant enzymes.  SOD 
exists in three different isoforms.  Cu, Zn-SOD is mostly in the cytosol and dismutate 
superoxide to hydrogen peroxide.  Extracellular (EC) SOD is found in the plasma and 
extracellular space.  Mn-SOD is located in mitochondria.  Catalase is a hydrogen 
peroxide decomposing enzyme mainly localized to peroxisomes or microperoxisomes.  
Superoxide may react with other reactive oxygen species such as nitric oxide to form 
highly toxic species such as peroxynitrite, in addition to direct toxic effects.  
Peroxynitrite reacts with the tyrosine residues in proteins resulting with the nitrotyrosine 
production in plasma proteins, which is considered as an indirect evidence of 
peroxynitrite production and increase oxidative stress.  Although nitrotyrosine was 
not detectable in the plasma of healthy controls, nitro tyrosine was found in the plasma 
of all type 2 diabetic patients examined.  Consistent with these results, plasma 
nitrotyrosine values were correlated with plasma glucose concentrations.  Furthermore, 
exposure of endothelial cells to high glucose leads to augmented production of 
superoxide anion, which may quench nitric oxide.  Decreased nitric oxide levels result 
with impaired endothelial functions, vasodilation and delayed cell replication. (Giugliano, 
D., Ceriello, A. and Paolisso, G.  Oxidative stress and diabetic vascular complications.  
Diab Care 1996; 19: 257-267).   
 
Alternatively, superoxide can be dismutated to much more reactive hydrogen peroxide, 
which through the Fenton reaction can then lead to highly toxic hydroxyl radical 
formation.  Decreased activity of cytoplasmic Cu,Zn-SOD and especially mitochondrial 
(Mn-) SOD in diabetic neutrophils was found.  There are reports disagreeing with 
these findings.  Red cell Cu,Zn-SOD activity was similar in type 1 and 2 DM patients 
compared to normal subjects irrespective of microvascular complications.  Leukocyte 
SOD activity was similar between type 2 DM patients and healthy control subjects, 
despite increased lipid peroxidation and decreased ascorbate levels.  Furthermore, 
increased red cell SOD activity and serum MDA levels were reported in patients of type 
1 DM with normo- microalbuminuria and retinopathy compared to healthy subjects. 
 



Red cell superoxide and catalase activities were decreased in 105 subjects with impaired 
glucose tolerance (IGT) and early hyperglycemia and also in type 2 DM patients.  
However, in another study red cell catalase and SOD activities were normal in 26 type 2 
DM patients in poor glycemic control.  EC-SOD activity was found to be similar in type 
1 DM patients, despite somewhat higher plasma EC-SOD levels. 
 
The wide variability among studies does not allow conclusions to be drawn as to 
whether SOD isoform in catalase enzyme activities are abnormal in diabetic 
patients.  Again, differences in methodology or study design do not completely 
explain the conflicting findings among studies.   This is because the data is being 
forced to apply to the flawed free radical oxidative theory and it does not make sense. 
 
Lipid peroxidation end-products are very commonly detected by the measurement of 
thiobarbituric acid reactive substances (TBARS).  This assay has, however, been 
criticized for the lack of specificity.  Lipid peroxidation as measured by lipid 
hydroperoxides have been shown to correlate closely with TBARS data in tissue samples.  
With proper caution, TBARS measurement may provide meaningful information.  
(Draper, H.H., Squires, E.J., Mahmoodi, H., Wu, J., Agarwal, S. and Hadley, M.  A 
comparative evaluation of thiobarbituric acid methods for the determination of 
malondealdehyde in biological materials.  Free Rad Biol Med  1993; 15: 353-363). 
 
Use of TBARS as an index of lipid peroxidation was pioneered by Yagi et al., whose 
group also showed increased plasma TBARS levels in DM consistent with other’s results.  
Similarly, increased plasma peroxide concentrations were reported in type 1 and type 2 
DM patients.  Diabetic red blood cells (RBC s) were shown to be more susceptible to 
lipid peroxidation as measured by TBARS in rats and humans.  Oxidizabiltiy of plasma 
as measured by lipid hydroperoxides was greater in DM group, although baseline levels 
were similar in subjects with normal glucose tolerance, impaired glucose tolerance and 
type 2 DM.  Furthermore, plasma TBARS level was significantly increased in type 2 DM 
with the duration of disease and development of complications. 
 
The formation of conjugated dienes reflect early events of lipid peroxidation.  
Spectrophotometric assay of conjugated dienes, however, does not provide information 
on hydroperoxides in samples.  Serum levels of a conjugated diene isomer of linoleic acid 
were higher in DM patients with microalbuminuria than control subjects. (Collier, A., 
Rumley, A., Rumley, A.G., Paterson, J.R., Leach, J.P., Lowe, G.D. and Small, M.  Free 
radical activity and hemostatic factors in NIDDM patients with and without 
microalbuminuria.  Diabetes 1992; 41: 909-913). 
 
On the other hand, no difference in serum conjugated diene levels between 
otherwise healthy diabetic patients and healthy control subjects was noted. (Sinclair, 
A.J., Girling, A.J., Gray, L., Lunee, J. and Barnett, A.H.  An investigation of the 
relationship between free radical activity and vitamin C metabolism in elderly diabetic 
subjects with retinopathy.  Gerontology 1992; 38: 268-274).  
 



Most published studies have found increased lipid peroxidation in both type 1 and type 2 
DM patients.  Conflicting results have also been found, however, and they cannot be 
explained simply based on study design or methodology.  It is less clear whether lipid 
peroxidation is increased in DM even before development of micro- and macrovascular 
disease.  A causal role for lipid peroxidation in the development of 
diabetic macro- and microvascular complications is far from 
established.  Amen. 
 
On the other hand, baseline lipid hydroperoxide levels were similar in 75 subjects with 
normal glucose tolerance, impaired glucose tolerance and type 2 DM. (Haffner, S.M., 
Agil, A., Mykkanen, L., Stern, M.P. and Jialal, I.  Plasma oxidizability in subjects with 
normal glucose tolerance, impaired glucose tolerance and NIDDM.  Diabetes Care 1995; 
18: 646-653). 
 
Incubation of LDL cholesterol with glucose at concentrations seen in the diabetic state 
increased susceptibility of LDL to oxidation as measured by TBARS and conjugated 
diene formation, Electrophoretic mobility and degradation by macrophages. (Kawamura, 
M., Heinecke, J.W. and Chait, A.  Pathophysiological concentrations of glucose promote 
oxidative modification of low density lipoprotein by superoxide-dependent pathway. J 
Clin Invest 1994; 94: 771-778).  
 
Plasma TRAP (total peroxyl radical trapping potential) was lower and susceptibility of 
LDL to oxidation as measured by the lag phase of conjugated diene formation after 
initiation of LDL oxidation by the addition of copper was greater in poorly controlled 
subjects. 
 
In contrast, there was no difference between type 1 diabetic patients and non-diabetic 
subjects in the susceptibility of LDL and VLDL cholesterol to oxidation in a number of 
studies. (Mol, M.J., de Rijke, Y.B., Demacker, P.N. and Stalenhoef, A.F.  Plasma levels 
of lipid and cholesterol oxidation products and cytokines in diabetes mellitus and 
cigarette smoking:  Effects of vitamin E treatment.  Atherosclerosis 1997; 129: 169-176).   
 
Most studies have found increased susceptibility of LDL cholesterol to oxidation in DM 
patients, although some well-designed studies have had conflicting results.  Studies 
carried out to date do not allow firm conclusions to be drawn about whether LDL is 
more susceptible to oxidation in DM patients without complications than in healthy 
subjects, or about what effect complications and glycemic control have on the 
susceptibility of LDL to oxidation. 
 
No clear consensus has been found concerning the presence of increased oxidized 
LDL antibodies for LDL cholesterol oxidizability or especially for indices of plasma 
or serum lipid peroxidation in DM patients.  Although interesting results linking 
oxidized LDL antibodies to carotid atherosclerosis is the general population have been 
published, (Salonen, J.T., Yla Herttuala, S., Yamamoto, R., Butler, S., Korpela, H., 
Salonen, R., Nyyssonen, K., Palinski, W. and Wizlum, J.L. Autoantibody against 
oxidized LDL and progression of carotid atherosclerosis.  Lancet  1992; 339: 883-887), 



similar conclusions cannot be drawn from studies in diabetic patients.  Whether this 
is an argument against increased oxidative stress or its role in the pathogenesis of 
atherosclerosis in DM or against the use of oxidized LDL auto antibodies as a marker of 
lipid peroxidation of DM remains unclear. 
 
Exercise is a major therapeutic modality in the treatment of DM (American Diabetes 
Association, 1998; Laaksonen et al., 2000).  
 
Red cell GRD activity at rest was 15% higher in the diabetic group.  However, 
erythrocyte Cu,Zn-SOD and catalase activities at rest were significantly lower in the 
diabetic group.  Acute exercise increased erythrocyte Se-GPX activity modestly in the 
control group, but not in the IDDM group.  Post-exercise Se-GPX activity was 
significantly higher in the control group compared to the IDDM group.  Although acute 
exercise did not significantly affect GRD activity because of the higher resting values, 
post-exercise GRD activity was also higher in the IDDM group compared to the control 
group.  Erythrocyte GST, Cu,Zn-SOD and catalase activities were similar in control 
and DM group after exercise. (Atalay, M. and Sen, C.K.  Physical exercise and 
antioxidant defenses in the heart.  Annals NY Acad Sci  1999; 874: 169-177).   
 
Increased plasma TBARS in the diabetic men both at rest and after exercise, showing for 
the first time increased exercise induced oxidative stress in DM was found.  These 
results also support previous studies suggesting that type 1 DM patients have 
increased lipid peroxidation even in the absence of complications.   
 
I believe that this shows that the benefits of exercise are from the increased EMOD 
levels.  
 
Decreased Cu,Zn-SOD activity coupled with increased superoxide production could 
exacerbate oxidative stress, especially if not compensated with increased catalase or Se-
GPX activity.  Superoxide may react with other reactive oxygen species such as nitric 
oxide to form highly toxic species such as peroxynitrite, in addition to direct toxic effects.  
Alternatively, superoxide can be dismutate to the much more reactive hydrogen peroxide, 
which through the Fenton reaction can then lead to highly toxic hydroxyl radical 
formation.  Thus decreased catalase activity could also contribute to the increased 
oxidative stress found in the type 1 DM subjects.  Increased glucose and hydrogen 
peroxide levels have also been shown to inactivate catalase.  As reviewed above, 
decreased red cell SOD and catalase activity have often, but not always, been found 
in DM patients.   
 
The strongly negative association between plasma TBARS and VO2 max suggests that 
good physical fitness may have a protective role against oxidative stress. 
 
In a recent study in streptozotosin-induced experimental diabetic rats, our group showed 
that endurance training decreased lipid peroxidation measured by TBARS level in vastus 
lateralis muscle and increased glutathione peroxidase in red gastronomies muscle.  
However, endurance training increased conjugated dienes and decreased glutathione 



peroxidase activity in heart.  Consistent with these results, decreased levels of cardiac 
antioxidants have been previously observed in endurance trained healthy rats. 
(Kihlstrom, M., Ojala, J. and Salminen, A.  Decreased level of cardiac antioxidants in 
endurance trained rats.  Acta Physiologica Scandinavica  1989; 135: 549-554).  
 
Acute exhaustive exercise induced oxidative stress measured as increased TBARS 
level in liver and increased dienes in heart.  Increased TBARS levels in liver of 
untrained diabetic rats after acute exhaustive exercise are in agreement with a previous 
study carried out in normal rats.  These results suggest that despite the adverse effects in 
heart, endurance training appears to up-regulate glutathione dependent antioxidant 
defense in skeletal muscle in experimental DM. 
 
Diabetes pathology and complications can not be explained by traditional risk 
factors and the free radical oxidative theory.  The free radical theory can not 
explain the beneficial results of exercise in diabetes, cancer and atherosclerosis, even 
if and when they invoke increases in antioxidant defenses. 

4.6.10   Pathobiology of Diabetic Complications  

4.6.11 A Unifying Mechanism by Michael Brownlee brownlee@aecom.yu.edu 

Some of the following material was abstracted, excerpted or modified from:  Diabetes 
54:1615-1625, 2005. 

What we discovered is that all of these different pathogenic mechanisms do reflect a 
single hyperglycemia-induced process and that this single unifying process is the 
overproduction of superoxide by the mitochondrial electron transport chain. We began by 
asking the following question: What processes are increased by intracellular 
hyperglycemia in cells whose glucose transport rate is not downregulated by 
hyperglycemia but not increased in cells whose glucose transport rate is downregulated by 
hyperglycemia?  

We discovered that a consistent differentiating feature common to all cell types that 
are damaged by hyperglycemia is an increased production of reactive oxygen species 
(ROS) (Du XL, Edelstein D, Rossetti L, Fantus IG, Goldberg H, Ziyadeh F, Wu J, 
Brownlee M: Hyperglycemia-induced mitochondrial superoxide overproduction activates 
the hexosamine pathway and induces plasminogen activator inhibitor-1 expression by 
increasing Sp1 glycosylation. Proc Natl Acad Sci U S A 97: 12222–12226, 2000) 
(Nishikawa T, Edelstein D, Du XL, Yamagishi S, Matsumura T, Kaneda Y, Yorek MA, 
Beebe D, Oates PJ, Hammes HP, Giardino I, Brownlee M: Normalizing mitochondrial 
superoxide production blocks three pathways of hyperglycaemic damage. Nature 404: 
787–790, 2000).  

How does hyperglycemia increase superoxide production by the mitochondria? 
There are four protein complexes in the mitochondrial electron transport chain, called 
complex I, II, III, and IV. When glucose is metabolized through the tricarboxylic acid 
(TCA) cycle, it generates electron donors. The main electron donor is NADH, which 
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gives electrons to complex I. The other electron donor generated by the TCA cycle is 
FADH2, formed by succinate dehydrogenase, which donates electrons to complex II. 
Electrons from both these complexes are passed to coenzyme Q, and then from coenzyme 
Q they are transferred to complex III, cytochrome-C, complex IV, and finally to 
molecular oxygen, which they reduce to water.  

The electron transport system is organized in this way so that the level of ATP can be 
precisely regulated. As electrons are transported from left to right, some of the energy of 
those electrons is used to pump protons across the membrane at complexes I, III, and IV. 
This generates what is in effect a voltage across the mitochondrial membrane. The energy 
from this voltage gradient drives the synthesis of ATP by ATP synthase.  
 
Alternatively, uncoupling proteins (UCPs) can bleed down the voltage gradient to 
generate heat as a way of keeping the rate of ATP generation constant. 
 
In order to prove that the electron transport chain indeed produces superoxide by the 
mechanism we proposed, we examined the effect of overexpressing either UCP-1 or 
manganese superoxide dismutase (MnSOD) on hyperlglycemia-induced ROS generation. 
Hyperglycemia caused a big increase in production of ROS. In contrast, an identical 
level of hyperglycemia does not increase ROS at all when we also collapse the 
mitochondrial voltage gradient by overexpressing UCP (Nishikawa T, Edelstein D, 
Du XL, Yamagishi S, Matsumura T, Kaneda Y, Yorek MA, Beebe D, Oates PJ, Hammes 
HP, Giardino I, Brownlee M: Normalizing mitochondrial superoxide production blocks 
three pathways of hyperglycaemic damage. Nature 404: 787–790, 2000).  
 
Similarly, hyperglycemia does not increase ROS at all when we degrade 
superoxide by overexpressing the enzyme MnSOD. I believe that this indicates that 
in animals with an overexpression of SOD and who have hyperglycemia, EMODs 
are not increased.  This observation disassociates EMOD production and 
hyperglycemia. 
 
To confirm these findings by an independent experimental approach, we depleted 
mitochondrial DNA from normal endothelial cells to form so-called 0 endothelial cells, 
which lack a functional mitochondrial electron transport chain. When the mitochondrial 

electron transport chain is removed, the effect of hyperglycemia on ROS production is 
completely lost (M.B., unpublished observations). Thus, I believe that the results show 
that EMODs are not produced by hyperglycemia is there is an overexpression of 
SOD or if the electron transport chain (ETC) is absent.  All other EMOD producing 
systems fail to generate EMODs secondary to hyperglycemia in the absence of the 
ETC.  
 
Importantly, inhibition of hyperglycemia-induced superoxide overproduction using a 
transgenic approach (superoxide dismutase [SOD]) also prevents long-term experimental 
diabetic nephropathy in the best animal model of this complication: the db/db diabetic 

mouse (DeRubertis FR, Craven PA, Melhem MF, Salah EM: Attenuation of renal injury 
in db/db mice overexpressing superoxide dismutase: evidence for reduced superoxide–



nitric oxide interaction. Diabetes 53: 762–768, 2004). Again, I believe that this 
indicates that SOD overexpression and increased peroxide production prevents 
diabetic nephropathy. 
 
I believe that what is important here is not the absence of superoxide 
but the presence of increased amounts of H2O2. 
 
In contrast to diabetic microvascular disease, data from the UKPDS (U.K. Prospective 
Diabetes Study) have shown that hyperglycemia is not the major determinant 
of diabetic macrovascular disease. For microvascular disease end points, there is 
a nearly 10-fold increase in risk as HbA1c increases from 5.5 to 9.5%. In contrast, over the 
same HbA1c range, macrovascular risk increases only about twofold.  
 
They believe that increase in ROS activates the same four damaging pathways: AGEs, 
PKC, the hexosamine pathway (GlcNAc), and NF B.  
 
eNOS is a very important antiatherogenic enzyme with great relevance to diabetic 
macrovascular disease. In the aorta of a standard mouse model of atherosclerosis, the 
apoE knockout mouse, increased lipid-rich atherosclerotic lesions are evident by week 16. 
However, when the apoE knockout mouse is crossed with an eNOS knockout mouse, the 
early atherosclerotic lesions are nearly doubled simply by loss of eNOS activity 
(Kuhlencordt PJ, Gyurko R, Han F, Scherrer-Crosbie M, Aretz TH, Hajjar R, Picard MH, 
Huang PL: Accelerated atherosclerosis, aortic aneurysm formation, and ischemic heart 
disease in apolipoprotein E/endothelial nitric oxide synthase double-knockout mice. 
Circulation 104: 448–454, 2001). 
 
To prevent direct oxidative inactivation of these key enzymes, we must directly reduce 
the amount of superoxide. However, conventional antioxidants will not do this 
effectively.  Antioxidants have repeatedly failed to prevent or reverse diabetes. 
 
Reactive oxygen species have been implicated in the pathogenesis of virtually every stage 
of vascular lesion formation, hypertension, and other vascular diseases. Investigators are 
currently gaining insight into important sources of reactive oxygen species in the vessel 
wall, including the NADPH oxidases, xanthine oxidase, uncoupled nitric oxide synthase, 
and mitochondrial sources. Although various reactive oxygen species have pathological 
roles, some serve as important signaling molecules that modulate vascular tone, 
growth, and remodeling. 
 
4.7.0   All vascular cell types produce EMODs 
 
Reactive oxygen species (ROS), including superoxide (*O2-), hydrogen peroxide (H2O2), 
and hydroxyl anion (OH-), and reactive nitrogen species, such as nitric oxide (NO) and 
peroxynitrite (ONOO-), are biologically important O2 derivatives that are increasingly 
recognized to be important in vascular biology through their oxidation/reduction (redox) 
potential. All vascular cell types (endothelial cells, vascular smooth muscle 



cells, and adventitial fibroblasts) produce ROS, primarily via cell membrane-
associated NAD(P)H oxidase. Reactive oxygen species regulate vascular function by 
modulating cell growth, apoptosis/anoikis, migration, inflammation, secretion, and 
extracellular matrix protein production. An imbalance in redox state where pro-oxidants 
overwhelm anti-oxidant capacity results in oxidative stress. Allegedly, oxidative stress 
and associated oxidative damage are mediators of vascular injury and inflammation in 
many cardiovascular diseases, including hypertension, hyperlipidemia, and diabetes. 
Increased generation of ROS has been demonstrated in experimental and human 
hypertension. Anti-oxidants and agents that interrupt NAD(P)H oxidase-driven *O2- 
production regress vascular remodeling, improve endothelial function, reduce 
inflammation, and decrease blood pressure in hypertensive models. This 
experimental evidence has evoked considerable interest because of the possibilities that 
therapies targeted against reactive oxygen intermediates, by decreasing generation of 
ROS and/or by increasing availability of antioxidants, may be useful in minimizing 
vascular injury and hypertensive end organ damage. (Reactive oxygen species in vascular 
biology: implications in hypertension.. R.M. Touyz and E.L. Schriffin. Histochem Cell 
Biol. 2004 Oct;122(4):339-52. Epub 2004 Aug 26). I believe that insufficiencies in 
EMOD production leads to inability to oxidize atherosclerotic microaggregates.   
 
ROS are also important intracellular signalling molecules that regulate 
vascular function by modulating vascular cell contraction/dilation, migration, 
growth/apoptosis, and extracellular matrix protein turnover, which contribute to vascular 
remodeling (Reactive oxygen species and vascular remodelling in hypertension: still 
alive. S.Xu, R.M.Touyz. Can J Cardiol. 2006 Sep;22(11):947-51). 
 
4.7.1   Sources of vascular EMODs 
Enhanced superoxide production increases nitric oxide inactivation and leads to an 
accumulation of peroxynitrites and hydrogen peroxide. Reactive oxygen species 
participate in growth, apoptosis and migration of vascular smooth muscle cells, in the 
modulation of endothelial function, including endothelium-dependent relaxation and 
expression of proinflammatory phenotype, and in the modification of the extracellular 
matrix. Potential sources of vascular superoxide production include NADPH-
dependent oxidases, xanthine oxidases, lipoxygenases, mitochondrial oxidases and 
nitric oxide synthases. Studies performed during the last decade have shown that 
NADPH oxidase is the most important source of superoxide anion in phagocytic and 
vascular cells. Evidence from experimental animal and human studies suggests a 
significant role of NADPH oxidase activation in the vascular remodelling and endothelial 
dysfunction found in cardiovascular diseases (Oxidative stress and vascular remodelling. 
A. Fortuno et al. Exp Physiol. 2005 Jul;90(4):457-62). 
 
4.7.2   Endothelial dysfunction, diabetes and CVD 
 
Endothelial dysfunction contributes to cardiovascular diseases, including hypertension, 
atherosclerosis, and coronary artery disease, which are also characterized by insulin 
resistance. Insulin resistance is a hallmark of metabolic disorders, including type 2 
diabetes mellitus and obesity, which are also characterized by endothelial dysfunction. 



Metabolic actions of insulin to promote glucose disposal are augmented by vascular 
actions of insulin in endothelium to stimulate production of the vasodilator nitric oxide 
(NO). Therapeutic interventions in animal models and human studies have demonstrated 
that improving endothelial function ameliorates insulin resistance, whereas improving 
insulin sensitivity ameliorates endothelial dysfunction. Taken together, cellular, 
physiological, clinical, and epidemiological studies strongly support a reciprocal 
relationship between endothelial dysfunction and insulin resistance that helps to link 
cardiovascular and metabolic diseases (Reciprocal Relationships Between Insulin 
Resistance and Endothelial Dysfunction. Jeong-a Kim et al. Circulation. 2006;113:1888-
1904).  I believe that endothelial dysfunction results in insufficient production of 
EMODs, which is causative of diabetes, CVD and hypertension. 
 
4.7.3   Increased EMODs with exercise is paradoxically good for health 
 
Some of the following was abstracted, excerpted or modified from:  Runner’s World. By 
Amby Burfoot. Injury prevention section. 2006. 
 
It goes like this: Free radicals are molecules containing oxygen atoms that attack cells in 
our bodies, and we produce more of these "bad guys" when we exercise. Research has 
linked free radicals with cell death, aging, cancer, heart disease, Alzheimer's, and other 
conditions. Antioxidants such as beta-carotene and vitamins C and E are said to offset the 
effect of free radicals, and there's no shortage of experts who advise that we should 
therefore consume tubs of supplements to save ourselves. 
 
Here's Burfoot’s problem with this scenario. If exercise-produced free radicals are so bad, 
why don't I see shriveled, gasping runners, walkers, and cyclists on the roadside 
every time I drive to Home Depot? If exercise-produced free radicals are so deadly, 
why do longevity studies show that the more you exercise, the longer you'll live? 
 
4.8.0   Chronic inflammation 
 
The most important tumor-suppressors may be EMODs. 
 
Local chronic inflammation can act as a high cancer risk factor. Chronic inflammation is 
capable of inducing the complex of microenvironmental changes similar to those seen 
around growing cancer cells. The changes include: enhanced oxidative cell resistance 
against apoptosis; switch to glycolytic metabolism, neovasculogenesis and 
vasorelaxation which provide nutrient delivery but restrict the immune/inflammatory cell 
recruiting. The hypothetic model of the latter effects is presented as a result of 
discoordinated feedback regulation among heme-, prostaglandin E2-, nitric oxide-, carbon 
monoxide-, and polyamine-dependent enzymatic pathways in the growth inhibiting 
(cytotoxic) and growth promoting (regenerative) stages of acute or chronic inflammatory 
response. According to this model, chronic inflammation is capable of generating a 
potentially 'vicious self-sustaining loop(s)' which are resulted in the pro-cancer 
microenvironment favorable for survival of tumor cells and their growth (Chronic 
inflammation as inductor of pro-cancer microenvironment: Pathogenesis of dysregulated 



feedback control. Cancer and metastases reviews. Vol. 22. No 1. March 2003. pp. 95-
192). 
 
4.8.1   Hypoxia does not increase EMODs in fibroblasts 
 
Heme oxygenase-1 (HO-1) catalyzes the rate-limiting step in heme catabolism and 
presumably is involved in cellular iron homeostasis. It is induced by a variety of cellular 
stresses, including oxygen deprivation and free radical-mediated stress. Investigators  
examined induction of HO-1 mRNA in skin fibroblasts and investigated the mechanism 

by which it occurs. Hypoxia did not appear to act via induction of oxygen free 
radicals: induction of HO-1 was not sensitive to the free radical scavenger GSH or other 
antioxidants. Moreover, hypoxia did not increase steady-state levels of free radicals 

generated by fibroblasts (Induction of heme oxygenase-1 by hypoxia and free radicals 
in human dermal fibroblasts. M.V. Panchenko et al. Am J Physiol Cell Physiol 278: C92-
C101, 2000). 
 
4.8.2   Exercise and systemic low-level inflammation 
 
The word inflammation comes from the Latin inflammare (to set on fire). The Roman 
Celsus is credited as first documenting (1st century AD) the four cardinal signs of 
inflammation: rubor et tumor cum calore et dolore (redness and swelling with heat and 
pain). This definition of inflammation recognises what we would today know as a 
"classical" acute inflammatory response—for example, following a traumatic event such 
as a macroscopic tear of ligament or muscle. Thus, in its genesis, inflammation was 

defined by a combination of clinical signs and symptoms not by specific 
pathophysiology. 
 
Two centuries after Celsus, Galen was influential in promoting the humoral view of 
inflammation. In his model, inflammation (and pus specifically) was part of the beneficial 
response to injury, rather than a superimposed pathology. This humoral view of 
inflammation persisted into the 19th century when the fifth cardinal sign—function laesa, 
loss of function—was added in 1871 by Virchow. In contrast with Galen, however, 
Virchow viewed inflammation as inherently pathological. 
 
A prominent German biologist, Neumann, defined inflammation more loosely as a "series 
of local phenomena developing as the result of primary lesions to the tissues and that tend 
to restore their health". 
 
Mast cell degranulation can trigger neurogenic inflammation. Hypoxia can also cause 
increased expression of vascular endothelial growth factor, which can reduce the patency 
of vessels, leading to oedema, and stimulate neovascularisation (Griffioen AW, Molema 
G. Angiogenesis: potentials for pharmacologic intervention in the treatment of cancer, 
cardiovascular diseases, and chronic inflammation. Pharmacol Rev 2000;52:237–68).  
 
The clinical implication is that the term inflammation embraces a great variety of 
biological processes. Whether inflammation is involved in a patient’s symptoms is not a 



straightforward question. Knowing whether an anti-inflammatory drug is likely to benefit 
or harm a patient’s healing response is complex despite the knee jerk reaction for many 
patients to self administer these compounds. In summary, this leader shows that (a) 
inflammation is not a single process and (b) it is not simply binary in nature ("on" or 
"off"), but it can be modulated by many factors in the cell’s environment. 
 
4.8.3   SOD improves sepsis 
 
In preclinical sepsis models by Cui et al, possibly related to divergent effects on vascular 
function, inhibition of superoxide anion, by use of SOD, improved survival with more 
severe sepsis and high-control mortality rates but was less effective or harmful with 
less severe sepsis (Severity of sepsis alters the effects of superoxide anion inhibition in a 
rat sepsis model. Xizhong Cui et al. J Appl Physiol 97: 1349-1357, 2004). I believe that 
the effect seen in this paper are not due to the decreased superoxide levels but are 
due to increases in H2O2 levels. 
 

Exercise increases hydrogen peroxide and other EMODs, which increases VEGF, 
which decreases CVD.   

Query:  Is it possible that the hypoxia, associated with inactivity or lack of exercise, 
actually “allows” for obesity?  Or, is it that obesity, with its EMOD scavenging 
(trapping) double bonded lipids, actually produces hypoxia?  I must try to 
determine the relationship between hypoxia, obesity and inflammation. 

Rats exposed to hypoxic conditions develop a mild inflammatory response with 
increased capillary leak and pro-inflammatory cytokine release (Madjdpour C, Jewell 
UR, Kneller S, Zeigler U, Schwendener R, et al. (2003) Decreased alveolar oxygen 
induces lung inflammation. Am J Physiol Lung Cell Mol Physiol 284:L360–L367).  

Also, if there must be a direct association between some stochiometry or law of mass 
action between oxygen levels or oxygen consumption and levels of generated 
EMODs.  I need to clarify this relationship, in order to better understand 
inflammation, hypoxia, exercise and obesity.  

Recent studies with other anti-inflammatory agents in sepsis suggest that the severity of 
sepsis, as reflected by control mortality rate, could have an important influence on agents 
directed against superoxide anion. An analysis of published preclinical and clinical trials 
as well as prospective experiments showed that selective inhibitors of five different host 
inflammatory mediators (i.e., TNF, IL-1, platelet activating factor, bradykinin, or 
prostaglandin metabolites), although very beneficial when mortality rate with sepsis 
was high, were less effective and potentially harmful as mortality rate decreased 
(Eichacker PQ, Parent C, Kalil A, Esposito C, Cui X, Banks SM, Gerstenberger EP, Fitz 
Y, Danner RL, and Natanson C. Risk and the efficacy of antiinflammatory agents: 
retrospective and confirmatory studies of sepsis. Am J Respir Crit Care Med 166: 1197–
1205, 2002).  



 
Furthermore, human recombinant activated protein C, the first agent with recognized anti-
inflammatory effects approved by the Food and Drug Administration for sepsis, has been 
restricted to patients with severe sepsis and a high risk of death based on phase III trial 
results (Federal Drug Administration. FDA Briefing Document: Anti-infective Advisory 
Committee Drotrecogin Alfa (Activated) [Recombinant Human Activated Protein C 
(rhAPC)]). These findings are consistent with the divergent role that many inflammatory 
mediators are believed to have vis-à-vis tissue injury and host defense during infection 
and sepsis (Knaus WA, Harrell FE Jr, LaBrecque JF, Wagner DP, Pribble JP, Draper EA, 
Fisher CJ Jr, and Soll L. Use of predicted risk of mortality to evaluate the efficacy of 
anticytokine therapy in sepsis. The rhIL-1ra Phase III Sepsis Syndrome Study Group. 
Crit Care Med 24: 46–56, 1996). 
 
During severe infection, excessive production of these mediators is likely to have net 
harmful effects. However, with less severe infection in which the host's response is better 
coordinated, the net effects of these mediators may be beneficial as they contribute to 
microbial clearance or other beneficial responses. Superoxide anion's beneficial 
contributions to host defense and vascular function and its opposing harmful effects on 
inflammatory tissue injury suggest that severity of infection may alter the outcome of its 
inhibition during sepsis as well. 
 
Inflammation is a natural biologic response to injury or infectious attack to the human 
body. Unregulated inflammation results in a broad range of conditions, most of which are 
classified by the tissue or organ where the inflammation occurs. These conditions include 
rheumatoid arthritis (RA) in the joint, psoriasis in the skin, chronic obstructive 
pulmonary disease in the lung, fibrotic disease in the liver and kidney, Crohn 
disease in the intestine, and congestive heart failure and arteriosclerosis in the 
arteries, among others. 
 
Currently, some of the most effective treatments for these diseases are injectable 
protein therapeutics, which have significant cost and patient compliance issues. 
Injectable protein therapeutics currently on the market - such as Enbrel, Remicade, 
Humira and Kineret - bind to and/or modulate the activity of the inflammatory 
cytokines TNF-(alpha) or IL-1 and are utilized for the treatment of RA, psoriasis 
and Crohn's disease. The TNF inhibition market alone, which is dominated by these 
therapeutics, is expected to grow from $9 billion in 2005 to $17 billion in 2010, 
according to analyst estimates. 
 
Some of the following was abstracted, excerpted or modified from:  Physical activity and 
modulation of systemic low-level inflammation. Helle Bruunsgaard.  Journal of 
Leukocyte Biology. 2005;78:819-835. 
 
It has been recognized for some time that cardiovascular disease and type 2 diabetes 
are, to a major extent, inflammatory disorders associated with an environment 
characterized by a sedentary lifestyle together with abundant intakes of calories. Systemic 

low-level inflammation is suggested to be a cause as well as consequence of pathological 



processes with local tumor necrosis factor production as an important biological driver. 
It is hypothesized that physical inactivity contributes to an enhanced proinflammatory 
burden independently of obesity, as regular muscle contractions mediate signals with 
myokines/cytokines as important messengers, which suppress proinflammatory activity at 
distant sites as well as within skeletal muscle. Muscle-derived interleukin (IL)-6 is 
considered to possess a central role in anti-inflammatory activities and health beneficial 
effects in relation to physical exercise. 
 
During the last decade, it has become clear that inflammatory mechanisms are key 
players in pathological processes of several chronic diseases such as ischemic 
cardiovascular disease (CVD), colorectal cancer, stroke, type 2 diabetes (T2D), 
chronic obstructive pulmonary disease (COPD), and Alzheimer’s disease, which are 
among the most common causes of mortality in the Western world.    
 
At the same time, it has been recognized that pleiotropic cytokines are not only important 
signals in immune function, as they also represent important regulators of endocrine 
systems, the metabolism, the coagulation system, and the brain function. In addition, it 
has been discovered recently that circulating levels of cytokines in vivo are affected 
significantly by contributions of cells outside the immune system such as adipose 
tissue, skeletal muscle, and endothelial cells in healthy humans; e.g., 30% of 
interleukin (IL)-6 in plasma is derived from fat tissue.  
 
It was demonstrated that working skeletal muscles produce and also release cytokines 
to the circulation. Considering that skeletal muscle is the largest organ in the body, 
the perspective of this finding is revolutionary, and it provides a molecular explanation 
about a molecular level by which we may understand how exercise mediates some of the 
health beneficial effects in relation to chronic disorders associated with systemic low-
level inflammation.  
 
4.8.4  Systemic low-level inflammation  
 
Systemic low-level inflammation is defined as two- to fourfold elevations in circulating 
levels of proinflammatory and anti-inflammatory cytokines, natural occurring cytokine 
antagonists, and acute-phase proteins, as well as minor increases in counts of neutrophils 
and natural killer cells. Systemic low-level inflammation is strongly associated with 
increasing age, lifestyle factors such as smoking, obesity, and dietary patterns, 
together with increased risk of CVD, T2D, COPD, cognitive decline, and 

wasting/cachexia (loss of skeletal muscle cells). Moreover, systemic low-level 
inflammation is a strong, consistent, and independent predictor of all-cause 
mortality and CVD-cause mortality in elderly populations. 
 
It has been demonstrated recently that acute infections such as respiratory tract 
infections and urinary tract infections are associated with a transient increase 
in the risk of vascular events including stroke and myocardial 
infarction, indicating a connection (clustering) amongst infections, immune activity, 
and thromboembolic complications. I believe that this may be similar to the ROSI 



syndrome of EMOD insufficiency.  Even a simple infection indicates that the 
circumstances of low EMOD levels exist, which will “allow” the development or 
manifestation of a variety of diseases.   
TNF-  
 
TNF-  is an early mediator of local inflammatory processes as well as an initiator of the 
systemic acute-phase response. Low-grade activation of the TNF system and systemic 
low-level inflammation are observed in relation to chronic, asymptomatic infections such 
as chlamydia pneumoniae, bacteriuria, and dental infections, which are risk factors in 
atherosclerosis.   
 
Obesity is strongly associated with enhanced circulating TNF-  levels, whereas weight 
loss reduces systemic levels. Adipose tissue from obese individuals shows 
accumulation of macrophages, which provide the major cellular source of a 
concomitant, enhanced, local expression of the TNF-  protein. TNF-  induces insulin 
resistance in experimental animal models.  I believe that the accumulation of 
macrophages in adipose tissue indicates that this is a response to a threat to the 
health of the body.  That is, the fat cells are harmful and increased EMOD levels are 
needed to counteract their deleterious aspects.   
 
Vascular inflammation is central in the pathology of atherosclerosis. TNF-  is a likely 
contributor, as it stimulates the expression of adhesion molecules by endothelial cells, and 
it induces endothelial dysfunction. End stages of CVD, COPD, cancer, human 
immunodeficiency virus infections, and rheumatoid arthritis are often associated with 

wasting. TNF-  is again a possible, common basis, as TNF-  is also named 
cachectin, as it increases the basal energy expenditure, and it leads to the erosion of 

lean body mass and a pronounced impairment in muscle protein balance. 
 
One of the important events in an 'emergency stop' response in monocytic cells and 
macrophages may be inhibition of the chemoattractant signaling cascade. Macrophages 
accumulate in areas of inflammation and necrosis that are likely to be hypoxic. 
Chemotaxis of monocytes and macrophages towards chemokines is rapidly (within 
60-90 min) inhibited by hypoxia. Exposure to the inflammatory cytokine TNF-alpha has 
a similar effect on monocyte migration (Inhibition of monocyte and macrophage 
chemotaxis by hypoxia and inflammation--a potential mechanism. M.J. Grimshaw and 
F.R. Balkwill. Eur J Immunol. 2001 Feb;31(2):480-9). 
 
4.8.5   Exercise and systemic low-level inflammation  
 
Physical activity offers protection against CVD (Hu, F. B., Willett, W. C., Li, T., 
Stampfer, M. J., Colditz, G. A., Manson, J. E. (2004) Adiposity as compared with 
physical activity in predicting mortality among women N. Engl. J. Med. 351,2694-2703) 
(Manson, J. E., Greenland, P., LaCroix, A. Z., Stefanick, M. L., Mouton, C. P., Oberman, 
A., Perri, M. G., Sheps, D. S., Pettinger, M. B., Siscovick, D. S. (2002) Walking 
compared with vigorous exercise for the prevention of cardiovascular events in women 
N. Engl. J. Med. 347,716-725), T2D (Knowler, W. C., Barrett-Connor, E., Fowler, S. E., 



Hamman, R. F., Lachin, J. M., Walker, E. A., Nathan, D. M. (2002) Reduction in the 
incidence of type 2 diabetes with lifestyle intervention or metformin N. Engl. J. Med. 
346,393-403), colorectal cancer (Samad, A. K., Taylor, R. S., Marshall, T., Chapman, 
M. A. (2005) A meta-analysis of the association of physical activity with reduced risk of 
colorectal cancer Colorectal Dis. 7,204-213), breast cancer (Holmes, M. D., Chen, W. 
Y., Feskanich, D., Kroenke, C. H., Colditz, G. A. (2005) Physical activity and survival 
after breast cancer diagnosis JAMA 293,2479-2486), age-related cognitive decline (van 
Gelder, B. M., Tijhuis, M. A., Kalmijn, S., Giampaoli, S., Nissinen, A., Kromhout, D. 
(2004) Physical activity in relation to cognitive decline in elderly men: the FINE Study 
Neurology 63,2316-2321 [ (Weuve, J., Kang, J. H., Manson, J. E., Breteler, M. M., Ware, 
J. H., Grodstein, F. (2004) Physical activity, including walking, and cognitive function in 
older women JAMA 292,1454-1461) (Abbott, R. D., White, L. R., Ross, G. W., Masaki, 
K. H., Curb, J. D., Petrovitch, H. (2004) Walking and dementia in physically capable 
elderly men JAMA 292,1447-1453), and all-cause mortality (Blair, S. N., Cheng, Y., 
Holder, J. S. (2001) Is physical activity or physical fitness more important in defining 
health benefits? Med. Sci. Sports Exerc. 33,S379-S399). Furthermore, physical training is 
effective in the treatment of coronary heart disease (Taylor, R. S., Brown, A., Ebrahim, 
S., Jolliffe, J., Noorani, H., Rees, K., Skidmore, B., Stone, J. A., Thompson, D. R., 
Oldridge, N. (2004) Exercise-based rehabilitation for patients with coronary heart 
disease: systematic review and meta-analysis of randomized controlled trials Am. J. Med. 
116,682-692), chronic heart failure (Piepoli, M. F., Davos, C., Francis, D. P., Coats, A. J. 
(2004) Exercise training meta-analysis of trials in patients with chronic heart failure 
(ExTraMATCH) BMJ 328,189), T2D (Boule, N. G., Haddad, E., Kenny, G. P., Wells, G. 
A., Sigal, R. J. (2001) Effects of exercise on glycemic control and body mass in type 2 
diabetes mellitus: a meta-analysis of controlled clinical trials JAMA 286,1218-1227) and 
COPD (Lacasse, Y., Brosseau, L., Milne, S., Martin, S., Wong, E., Guyatt, G. H., 
Goldstein, R. S. (2002) Pulmonary rehabilitation for chronic obstructive pulmonary 
disease Cochrane Database Syst. Rev. CD003793).   
 
Without reference clutter the above would read as follows:  Physical activity offers 
protection against CVD, T2D, colorectal cancer, breast cancer, age-
related cognitive decline, and all-cause mortality. Furthermore, physical 
training is effective in the treatment of coronary heart disease, chronic 
heart failure, T2D, and COPD.  I believe that all of this is due to the increased 
production of EMODs during exercise. 
 
A recent number of papers have documented that self-reported physical activity or 
physical performance is correlated inversely with systemic low-level inflammation.  
A high level of physical activity is apparently associated with reduced levels of peripheral 
inflammatory mediators in the range of 20–60% compared with a sedentary lifestyle. 
Several studies have reported that exercise intervention programs reduce systemic 
low-level inflammation in patients with coronary heart disease, claudicants, and 
chronic heart failure and in healthy, young adults.   
 



I believe that we must keep in mind that exercise increases oxygen uptake by 10-15 
fold.  This increased EMOD level is responsible for reducing inflammation and its 
associated diseases. 
 

Again, exercise increases hydrogen peroxide and other EMODs, which increases 
VEGF, which decreases CVD and a wide variety of coexisting or clustered diseases.   

4.8.7    IL-6 
 
A large number of studies have demonstrated that in relation to an acute bout of 
exercise, plasma levels of IL-6 increase exponentially up to 100-fold, with a total 
decline in the post-exercise period. Physical exercise is associated with a systemic 
cytokine response comparable with the levels observed during severe infections. 
 
Monocytes are major producers of IL-6 in relation to infections. Accordingly, 
investigators turned first toward these cells to find the cellular source of IL-6 during 
physical exercise. Nevertheless, IL-6 mRNA or protein is not increased in circulating 
monocytes during or following concentric exercise without muscle damage. 
 
There is good evidence that physical activity mediates anti-inflammatory effects in 
skeletal muscle and fat tissue. 
 
4.8.8  The IL-6 paradox 
 
Considering that low-grade increases in circulating IL-6 constitute a strong 
prognostic risk factor in T2D, CVD, cognitive decline, functional disability, and all-
cause mortality, it seems to represent a paradox that large amounts of IL-6 are 
released during an acute bout of exercise, which is, in general, considered to be health 
beneficial.   
 
IL-6 is often postulated to cause insulin resistance, but at the same time, insulin 
sensitivity is increased during and following exercise when IL-6 is elevated pronouncedly 
in the circulation.  Although skeletal muscle contributes to >90% of the glucose disposal 
in the body, only a few studies have investigated the relation between IL-6 and insulin 
sensitivity in this tissue in details. 

It is possible that large, short-lasting elevations in systemic IL-6 promote health 
beneficial activities contrasting chronic, low-grade increases, which promote 
procoagulant changes, the development of lymphoma, and perhaps insulin resistance. 
This suggests that IL-6 may act as a double-edged sword in health and disease. I believe 
that IL-6 is following a course dictated by EMODs.  In other words, high EMOD 
levels produce high IL-6 level, which counter atherosclerosis and cancer, whereas 
low levels “allow” manifestation of atherosclerosis and cancer. 



Bruunsgaard  states that in conclusion, physiological experiments, molecular analyses, 
and epidemiological studies suggest together that physical activity per se mediates 
strong anti-inflammatory mechanisms with sufficient power to reduce 
proinflammatory activity in vitro and in vivo. 

Kosmidou et al. provide evidence that hydrogen peroxide or other reactive species 
increase the production of vascular endothelial growth factor (VEGF) in 
differentiated skeletal myotubes. These observations may relate to the potential 
beneficial effects of exercise. Increased production of reactive intermediates (EMODs) 

is thought to occur during exercise, and it is possible that the production of reactive 
species mediates an adaptive response in skeletal muscle cells against oxidative stress by 
upregulating cell survival pathways such as the Akt pathway. The ability of reactive 
species to trigger release of growth factors such as VEGF may add to the armament of 
cells to withstand more intense workloads and oxidative stress. In addition, the reactive 
species-mediated increase in the production of VEGF and potentially of other growth 

factors during exercise may lead to an increase in angiogenesis and muscle growth. The 
data also imply that reactive species-mediated regulation of growth factor production 
and regulation of cell survival pathways may be a critical component of 
preconditioning and adaptation to stress. 

Exercise increases EMODs, which increases VEGF, which decreases CVD. 

Reactive species react with a number of biological molecules, their (EMODs) 
reactivity being regulated by the concentration of reactants, second-
order rate constants, compartmentalization, and, in part, the presence 
of redox-sensitive amino acid residues such as cysteine and tyrosine. I 
believe that this illustrates the complexity of dealing with a vast number of variables 
involving redox systems and disease causation.  The relative ease in oxidizing and 
reducing these exquisitely sensitive redox-regulated residues in kinases, transcription 

factors, ion channels, and receptors appears to be instrumental in facilitating the role of 
reactive species in signal transduction. 

Russian investigators have found that preadaptation (preconditioning) of rats to 
altitude hypoxia results in reduced activation of lipid peroxidation during 
subsequent stress, inflammation, or both, as compared to hypoxia-unadapted animals, 
with the result that secondary changes in organs and tissues of adapted rats are much less 
pronounced and conditions are created for alleviating the acute inflammation and the 
stress reaction.  Once the body has been exposed to the threat of hypoxia, such as 
during myocardial infarction, by pass pump, stroke, high altitude, its compensates 
by producing more EMODS.  This may have been the case during the studies 
showing that peroxide dripped or infused into anoxic hearts could sustain and 
revive them at the Baylor school in the experiments of Urchel and Mallams. 

 

 



4.8.9   Excess oxygen worsens lung inflammation in mice 

ScienceDaily (May 3, 2005) — Research performed at the National Institute of Allergy 
and Infectious Diseases (NIAID), part of the National Institutes of Health, has revealed 
that oxygen therapy aimed at helping mice with acute lung inflammation breathe 
paradoxically worsened their illness. The researchers say excess oxygen appears to 
thwart a natural process that limits lung tissue damage. They overcame this deleterious 
side effect, however, by adding an inhaled anti-inflammatory drug to the oxygen therapy.  
(M Thiel et al. Oxygenation inhibits the physiological tissue-protecting mechanism and 
thereby exacerbates acute inflammatory lung injury. PLoS Biology 2(6):e174 (2005) 

"This research illustrates, in an animal model, a delicate balance between supplemental 
oxygen therapy and an innate tissue-preserving process that appears to operate best in 
low-oxygen conditions," says NIAID Director Anthony S. Fauci, M.D.  
Michail Sitkovsky, Ph.D., senior author of the paper published in the journal PLoS 
Biology, believes the findings could have clinical implications. Supplemental oxygen is 
a life-saving therapy for patients with breathing problems, but it can harm the lungs 
if it is used for long periods. While the problem of oxygen-induced lung damage is well 
known, the biochemical processes leading to this damage have not been fully explained. 
Dr. Sitkovsky's research reveals a possible mechanism behind this oxygen-induced 
damage and also provides evidence of a simple way to prevent it. 
  
The current study extends research published in 2001 by Dr. Sitkovsky and colleagues 
into the role played by the molecule adenosine in regulating inflammation. Inflammatory 
chemicals produced by the immune system in response to infection or injury must 
eventually be switched off so that excessive tissue damage can be avoided. Dr. Sitkovsky 
and his colleagues have shown that inflammation leads to a drop in oxygen 
levels in the inflamed tissues. This, in turn, triggers the release of adenosine 
from surrounding cells. When adenosine binds to cell receptors in the inflamed region, 
it serves as a tissue-protecting stop signal, slowing the flood of damaging inflammatory 
molecules.  From these findings, they reasoned that oxygen therapy given to patients with 
acute lung inflammation might "short-circuit" this protective pathway by preventing 
oxygen levels from dropping enough to trigger the inflammation stop signal.  
 
To explore this possibility in an animal model, Dr. Sitkovsky and his colleagues induced 
lung inflammation in three groups of mice. The first group of 15 mice did not receive any 
supplemental oxygen. While they sustained moderate lung damage, only two died. 
Another group of 15 mice with acute lung inflammation were treated with either 
100 percent or 60 percent oxygen for 48 hours. These mice suffered very extensive 
lung damage, and 11 of 15 died. Finally, the scientists treated another 15 mice with 
acute lung inflammation with a combination of 100 percent oxygen and an adenosine-
like drug to compensate for the oxygen-induced loss of natural adenosine. Only two 
mice in this group died, and exacerbation of lung inflammation by oxygen was 
prevented.  Then, it oxygen was not the harmful agent. 
 



The investigators conclude that in this small animal model highly pure oxygen therapy 
without the addition of an adenosine substitute worsens pre-existing lung inflammation. 
"We suggest that these adenosine substitutes be evaluated for their possible usefulness in 
settings of acute lung inflammation due to infection or other causes, such as asthma or 
surgical trauma," says Dr. Sitkovsky.  (M Thiel et al. Oxygenation inhibits the 
physiological tissue-protecting mechanism and thereby exacerbates acute inflammatory 
lung injury. PLoS Biology 2(6):e174 (2005) (A Ohta and M Sitkovsky. Role of adenosine 
receptors in down-regulation of inflammation and protection from tissue damage. Nature 
414:916-20 (2001). 

4.9.0   Hypoxia  

4.9.1   Cerebral hypoxia 

Cerebral hypoxia can also be classified by the cause of the reduced brain oxygen: 

-hypoxic hypoxia- Limited oxygen in the environment causes reduced brain function. 
Divers, aviators, mountain climbers and fire fighters are all at risk for this kind of 
cerebral hypoxia. The term also includes oxygen deprivation due to obstructions in the 
lungs. Choking, strangulation, the crushing of the windpipe all cause this sort of hypoxia. 
Severe asthmatics may also experience symptoms of hypoxic hypoxia. 

-hypemic hypoxia- Reduced brain function is caused by inadequate oxygen in the blood 
despite adequate environmental oxygen. Anemia and carbon monoxide poisoning are 
common causes of hypemic hypoxia. 

-ischemic hypoxia- (a.k.a. stagnant hypoxia). Reduced brain oxygen is caused by 
inadequate blood flow to the brain. Stroke, shock, and heart attacks are common causes 
of stagnant hypoxia. Ischemic hypoxia can also be created by pressure on the brain. 
Cerebral edema, brain hemorrhages and hydrocephalus exert pressure on brain tissue and 
impede their absorption of oxygen. 

The brain requires approximately 3.3 ml of oxygen per 100 g of brain 
tissue per minute. Initially the body responds to lowered blood oxygen by redirecting 
blood to the brain and increasing cerebral blood flow. Blood flow may increase up to 
twice the normal flow but no more.   

I believe that this illustrates the crucial role of oxygen in tissue viability.  When the 
body detects an area of hypoxia or anoxia, it shunts more blood to that area to bring 
more oxygen for the production of higher levels or adequate levels of EMODs.  

The synthesis and release of neurotransmitters are particularly sensitive to hypoxia. The 
release of acetylcholine is diminished, whereas the release of dopamine and glutamate is 
accelerated. 

http://en.wikipedia.org/wiki/Cerebral_edema
http://en.wikipedia.org/wiki/Cerebral_hemorrhage
http://en.wikipedia.org/wiki/Hydrocephalus


Cardiac arrest, stroke, chronic obstructive pulmonary disease, carbon monoxide 
poisoning, head injury and a host of other medical conditions all have a common end 
point as far the brain is concerned. They all rob the brain of its life giving component -- 
oxygen. Similarly a lack of oxygen due to any maternal cause can result in oxygen 
deprivation to the developing brain of the fetus. This can further result in mental 
retardation, epilepsy and cerebral palsy. I believe that it “allows” for the 
development of these diseases.  Mountaineers are all too familiar with the effects of a 
lack of oxygen at high altitudes which can result in mountain sickness. Pilots and deep 
sea divers can also be afflicted with oxygen starvation if the life support systems fail. 
Retina, which is an extension of the brain, is also extremely sensitive to oxygen 
deficiency. 

I point out that the retina and the brain have a critical need for high oxygen levels, 
and consequently high EMOD levels, and they have low incidences of cancer 
formation.   

-histotoxic hypoxia- Oxygen is present in brain tissue but cannot be metabolized. 
Cyanide poisoning is a well known example. 

4.9.2   Cystic fibrosis and hypoxia 

Hypoxia during sleep and exercise may occur in an important number of patients 
with cystic fibrosis (CF). Laboratory and rodent evidence exists to suggest that hypoxia 
may contribute to the decline in lung function in CF by upregulating lung inflammation, 
and encouraging growth of Pseudomonas aeruginosa, the most important pathogen 
associated with CF lung disease.  

I would predict that cystic fibrosis patients have an increased risk of developing cancer, 
based on the fact that they are hypoxic and should have lowered levels of EMODs. I 
believe that this EMOD insufficiency also leads to increased risk of repeated 
infections and diabetes.  Symptoms can be improved by increasing oxygen intake 
and saturation. 

CF is a "multi-system" disease, meaning that it affects many body organs. However, most 
of the symptoms are to do with the lungs and the gut. People with CF are at risk of 
bacterial chest infections. About half of people with CF have repeated chest infections 
and pneumonia. If they are not treated early and properly, these are very difficult to treat.  

Other problems associated with CF can include: 

• small growths (polyps) in the nose,  
• increased roundness of finger and toe nails with loss of the shallow groove 

between the bottom of the nail and skin (clubbing),  
• an enlarged liver and spleen,  
• diabetes,  

http://en.wikipedia.org/wiki/Cyanide


• infertility in men, because the tube that carries sperm, the vas deferens, may fail 
to form,  

• fertility problems in women, due to thicker mucus making fertilisation difficult.  

Both the ovum and the sperm require adequate EMOD levels for proper functioning. 

I believe that this makes CF an EMOD insufficiency disease. 

Anecdotal reports suggest an increased frequency of certain cancers in patients with 
cystic fibrosis, the commonest genetic disorder of whites. One third of patients with 
cystic fibrosis now reach adulthood, when cancer is more frequent, implying that cancer 
rates in these patients will increase over time. Thirty-seven cancers were observed in the 
North American cohort during 164,764 person-years of follow-up, as compared with an 
expected number of 45.6, yielding a ratio of observed to expected cancers of 0.8 (95 
percent confidence interval, 0.6 to 1.1). Thirteen digestive tract tumors were observed, as 
compared with an expected number of two, for a ratio of observed to expected cancers of 
6.5.  

Although the overall risk of cancer in patients with cystic fibrosis is similar to that of 
the general population, there is an increased risk of digestive tract cancers (The Risk 
of Cancer among Patients with Cystic Fibrosis. J.P. Neglia et al. N Engl J Med. 1995 Jul 
13;333(2):129-30).  I told you so.  

4.9.3   Low oxygen levels increase cancer growth and RBM3 levels 

Researchers at the OU Cancer Institute have identified a new gene that causes cancer. 
The ground-breaking research appeared 5/8/08 in Nature's cancer journal Oncogene.  
The gene and its protein, both called RBM3, are vital for cell division in normal cells. In 
cancers, low oxygen levels in the tumors cause the amount of this 
protein to go up dramatically. This causes cancer cells to divide 
uncontrollably, leading to increased tumor formation.   I believe that this is 
another example of low EMOD levels “allowing” for neoplastic growth to occur. 
 
Researchers used new powerful technology to genetically "silence" the protein and 
reduce the level of RBM3 in cancerous cells. The approach stopped cancer from growing 
and led to cell death. The new technique has been tested successfully on several types 
of cancers - breast, pancreas, colon, lung, ovarian and prostate.  
 
"We are excited about this discovery because most cancers are thought to come from 
mutations in genes, and our studies, for the first time, have shown that too much of this 
type of protein actually causes normal cells to turn into cancer cells," said Shrikant 
Anant, Ph.D., a cancer biologist at the OU Cancer Institute and principal investigator on 
the project.  
 
Anant said they found RBM3 protein in every stage of many cancers, and the amount of 

http://scholar.google.com/url?sa=U&q=http://content.nejm.org/cgi/content/abstract/332/8/494%3Fck%3Dnck
http://scholar.google.com/url?sa=U&q=http://content.nejm.org/cgi/content/abstract/332/8/494%3Fck%3Dnck


protein increased as the cancer grew. The protein helped the cancer grow faster, avoid 
cell death and was part of the process that formed new blood vessels to feed the tumor.  I 
can say the same thing about oxygen levels, i.e., cancers are hypoxic, which is also 
associated with degree of malignancy and metastasis. 
 
"This process, called angiogenesis, is essential for tumor growth and suggests that 
targeting RBM3 may be an extremely powerful tool against many and perhaps all solid 
tumors," Anant said. 

I believe that this is another example of EMODs serving as cellular messengers and 
that they are capable of regulating RBM3 levels. 

4.9.4   Hypoxia enhances metastasis 

This study examined possible mechanisms for hypoxia-increased metastasis in a green 
fluorescent protein–labeled human fibrosarcoma cell line (HT1080). The efficiency of the 
lung arrest of tumor cells, which can be dependent on the adhesive potential of the tumor 
cells, was assessed by measuring the level of integrin 3ß1 protein and by adhesion 
assays, whereas the extravasation potential was examined by an invasion assay. These 
properties were not changed by exposure to hypoxia, indicating that lung arrest and 
extravasation are unlikely to play a major role in the effect of hypoxia on metastasis in 

this model. The main effect of hypoxic exposure was found to be increased survival 
after lung arrest as determined by clonogenic assay of tumor cells recovered from 
mouse lungs after i.v. injection. Concomitantly, apoptosis was identified as responsible 
for the death of lung-arrested cells, suggesting the involvement of an altered apoptotic 
response following hypoxic exposure of these cells. Consistent with this finding, the 

effect of hypoxia on both increased metastasis and survival of arrested cells was 
inhibited by treatment with farnesylthiosalicylic acid. However, this effect was not due 
to down-regulation of hypoxia-inducible factor-1 , a mechanism of action of this drug 

reported by previous studies. Further detailed studies of the mechanisms of action of the 
drug are needed (Hypoxia Enhances Metastatic Efficiency in HT1080 Fibrosarcoma Cells 
by Increasing Cell Survival in Lungs, Not Cell Adhesion and Invasion. Li Zhang and 
Richard P. Hill. Cancer Res 2007;67(16):7789–97). I believe that this indicates that 
hypoxia enhances both neoplasia growth and metastasis. 

Hypoxia is a feature of many human malignancies, and leads to 

aggressive clinical behavior and recurrence after treatment. Investigators 
have shown for the first time that androgen withdrawal reduces prostate cancer hypoxia in 
patients (Androgen Withdrawal in Patients Reduces Prostate Cancer Hypoxia: 
Implications for Disease Progression and Radiation Response. Michael Milosevic et al. 
Cancer Res 2007;67(13):6022–5). 

Tumor hypoxia induces cancer cell treatment resistance, angiogenesis, 
invasiveness, and overall poor clinical outcome. 

 



4.9.5   Up to 90% of prostate cancers are hypoxic 

Tumor cell hypoxia is an innate environmental factor encountered during the 
development of many types of human tumors, including malignant prostate tumors. 
For prostate cancer, however, tumor cell hypoxia may be an even more critical element in 
tumor development and progression. 

Based on immunohistochemical studies using hypoxic cell markers and direct oxygen-
electrode measurements, clinically relevant levels of hypoxia are detected in 
30–90% of prostate cancers. Exciting new data suggest that hypoxia can alter cell-
cycle checkpoints and DNA repair within the prostate epithelium, thereby driving genetic 
instability and tumor aggression (Tumor hypoxia, DNA repair and prostate cancer 
progression: new targets and new therapies. Norman Chan , Michael Milosevic  & Robert 
G Bristow. Future Oncology. June 2007, Vol. 3, No. 3, Pages 329-341).   

It appears that hypoxia is produced by the ateriosclerosis of aging, with decreased blood 
flow and hypoxia.  All lead to neoplasia, which I believe is related to an EMOD 
insufficiency, thus allowing BPH and tumor development.  (An age-related 
impairment of blood supply to the lower urinary tract might have a role in the 
development of BPH (Arteriosclerosis as a risk factor for BPH. Andreas P. Berger, et al. 
BJU International, Volume 98, Issue 5, Page 1038-1042, Nov 2006). 

I believe that hypoxia, which creates and EMOD insufficiency, triggers prostate 
growth.  I believe that this same scenario exists in breast tissue and in the fat of 
obese subjects. 

The tumor microenvironment is best characterized as a fluctuation of hypoxia and 
nutrient deprivation, which leads to epigenetic and genetic adaptation of clones and 
increased invasiveness and metastasis. In turn, these hypoxic adaptations make the 

tumors more difficult to treat and confer increased resistance to current therapies. 

Although acute hypoxia results in accelerated glycolysis, cellular metabolism is 
slowed in chronic hypoxia.  Hypoxia is a general factor affecting glucose metabolism. 

Hypoxia plays a fundamental role in the pathophysiology of common 
causes of mortality, including ischemic heart disease, stroke, cancer, 
chronic lung disease, and congestive heart failure (Hypoxia, HIF-1, and the 
pathophysiology of common human diseases. GL Semenza et al. Adv Exp Med Biol. 
2000;475:123-30 ).   

4.9.6   Going malignant: the hypoxia-cancer connection in the prostate 

The metabolic organization of both normal and malignant prostate cellular phenotypes 
involves some unusual and surprising features. In particular, both conditions exhibit 
ratios of NADH/NAD+ and NADPH/NADP+ characteristic of high 



oxidative states despite a chronic shortage of O2 in both conditions. 
Investigators observe that, in prostate cancer cells, the oxidizing power of the 
fatty acid synthesis (FAS) pathway is so large that redox is stabilized 
more favorably (more oxidized) than in normal prostate cells. This FAS-
facilitated redox improvement occurs despite the fact that malignant cells are more O2 
limited and therefore express more hypoxia inducible factor 1 (HIF1) and express 
hypoxia-regulated genes more robustly. This unusual metabolic situation clearly 
separates direct regulatory effects of redox balance from secondary effects of hypoxia per 
se. The physiological significance of the FAS pathway is thus the harnessing of its 
oxidizing power for improving redox balance despite conditions of more extreme 
hypoxia. Similar hypoxia defense strategies are found in animal species that are 
unusually tolerant to oxygen lack. Their hypothesis is that the metabolic organization in 
the "low zinc, low citrate" phenotype reflects an hypoxia-defense adaptation geared 
toward redox balance, with prostate cancer cells being relatively more oxidized, even if 
more hypoxic, than normal prostate cells. Recognition and understanding of these redox 
balancing and hypoxia defense functions may lead to new intervention (Going malignant: 
the hypoxia-cancer connection in the prostate. PW Hochachka et al. Bioessays. 2002 
Aug;24(8):749-57).  This seems to confuse the issue but I believe that the increased 
oxidative state in the cancer cells is the body’s natural attempt to kill the cancerous 
cells.  If the body could produce tumoricidal levels, the cancer would die.  

It is also possible that slightly increased EMOD levels “allow” disease manifestation 
and higher EMOD levels prevent these same diseases. 

1.4.9.7   Hypoxia levels correlate with prostate carcinoma clinical stage and age 

Hypoxia exists in prostate carcinoma tumors.  Within the group of brachytherapy 
(spinal anesthesia) patients, increasing levels of hypoxia (within prostatic 
tissue) correlated significantly with increasing clinical stage and patient 
age.  The oxygen measurements from the pathologically involved portion of the prostate 
were significantly lower (average median pO2, 9.9 mm Hg) compared with the 
measurements normal muscle (average median pO2, 28.6 mm Hg; P < 0.0001). A 
multivariate, linear, mixed analysis demonstrated that, among all of the patients, the 
significant predictors of oxygenation were tissue (prostate vs. muscle) and anesthesia 
(spinal vs. general) or treatment (implant vs. surgery). Among the brachytherapy 
(spinal anesthesia) patients, the significant predictors of pO2 were tissue type, 
disease stage, and patient age (Increasing levels of hypoxia in prostate carcinoma 
correlate significantly with increasing clinical stage and patient age.  An Eppendorf pO2 
study. E. Movsas et al. Cancer 2000;89:2018-24).  

4.9.8   Lung cancer cells have elevated antioxidant protein levels 

Transient/chronic microenvironmental hypoxia that exists within a majority of solid 
tumors has been suggested to have a profound influence on tumor growth and therapeutic 
outcome. Since the functions of novel antioxidant proteins, peroxiredoxin I (Prx I) 



and II, have been implicated in regulating cell proliferation, differentiation, and 
apoptosis, it was of our special interest to probe a possible role of Prx I and II in the 
context of hypoxic tumor microenvironment. Since both Prx I and II use thioredoxin 
(Trx) as an electron donor and Trx is a substrate for thioredoxin reductase (TrxR), we 
investigated the regulation of Trx and TrxR as well as Prx expression following hypoxia. 
They show a dynamic change of glutathione homeostasis in lung cancer A549 cells 
and an up-regulation of Prx I and Trx following hypoxia. Western blot 
analysis of 10 human lung cancer and paired normal lung tissues also revealed an 
elevated expression of Prx I and Trx proteins in lung cancer tissues. 
Immunohistochemical analysis of the lung cancer tissues confirmed an augmented Prx I 
and Trx expression in cancer cells with respect to the parenchymal cells in adjacent 
normal lung tissue. Based on these results, we suggest that the redox changes in lung 
tumor microenvironment could have acted as a trigger for the up-regulation of Prx I and 
Trx in lung cancer cells. Although the clinical significance of our finding awaits more 
rigorous future study, preferential augmentation of the Prx I and Trx in lung cancer cells 
may well represent an attempt of cancer cells to manipulate a dynamic redox change in 
tumor microenvironment in a manner that is beneficial for their proliferation and 
malignant progression (Preferential elevation of Prx I and Trx expression in lung cancer 
cells following hypoxia and in human lung cancer tissues. HJ Kim et al. Cell Biol 
Toxicol. 2003 Oct;19(5):285-98).  I believe that this shows that this elevation of 
antioxidant proteins (Prx I and Trx) in cancer cells can be responsible for an EMOD 
insufficiency and this would tend to perpetuate or “allow” tumor growth.  

4.9.9   Obstructive sleep apnea and cardiovascular disease (coexisting diseases) 

Obstructive sleep apnea (OSA) is a common medical condition that occurs in 
approximately 5% to 15% of the population. The pathophysiology of OSA is 
characterized by repetitive occlusions of the posterior pharynx during sleep that obstruct 
the airway, followed by oxyhemoglobin desaturation, persistent inspiratory efforts 
against the occluded airway, and termination by arousal from sleep. Obstructive sleep 
apnea is associated with daytime sleepiness and fatigue, likely due to fragmented sleep 
from recurrent arousals. Substantial evidence shows that patients with OSA have an 
increased incidence of hypertension compared with individuals without OSA and that 
OSA is a risk factor for the development of hypertension. Recent studies show that OSA 
may be implicated in stroke and transient ischemic attacks. Obstructive sleep apnea 
appears to be associated with coronary heart disease, heart failure, and cardiac 
arrhythmias. Pulmonary hypertension may be associated with OSA, especially in 
patients with preexisting pulmonary disease. Although the exact cause that links OSA 
with cardiovascular disease is unknown, there is evidence that OSA is associated with a 
group of proinflammatory and prothrombotic factors that have been identified to be 
important in the development of atherosclerosis. Obstructive sleep apnea is associated 
with increased daytime and nocturnal sympathetic activity. Autonomic abnormalities 
seen in patients with OSA include increased resting heart rate, decreased R-R interval 
variability, and increased blood pressure variability. Both atherosclerosis and OSA are 
associated with endothelial dysfunction, increased C-reactive protein, interleukin 6, 
fibrinogen, and plasminogen activator inhibitor, and reduced fibrinolytic activity. 



Obstructive sleep apnea has been associated with enhanced platelet activity and 
aggregation. Leukocyte adhesion and accumulation on endothelial cells are common in 
both OSA and atherosclerosis. Clinicians should be aware that OSA may be a risk factor 
for the development of cardiovascular disease (Obstructive sleep apnea and 
cardiovascular disease. JM Parish and VK Somers. Mayo Clin Proc. 2004 
Aug;79(8):1036-46).  I believe that OSA causes hypoxia, which results in an EMOD 
deficiency state which allows for coexisting or clustering of the above disease 
conditions. 

Obstructive sleep apnea is an increasingly common disorder and it is a novel 
cardiovascular disease risk factor. Repetitive apneas and hypopneas during 
sleep are accompanied by hypoxia, increased sympathetic activity and frequent 
arousals. Sleep apnea has clearly been demonstrated to be an independent risk factor 
for development of hypertension and it has also been implicated in the pathogenesis 
of atherosclerosis, congestive heart failure, pulmonary hypertension, cardiac 
arrhythmias and stroke. Several studies showed that obstructive sleep apnea is 
associated with an increased risk of cardiovascular morbidity and mortality 
(Obstructive sleep apnea and cardiovascular disease. A. Dunai et al. Orv Hetil. 2006 Dec 
3;147(48):2303-11).   

5.0.0   Hypoxia may be helpful 

Hypoxemia kills. In a study of over 50,000 critically ill patients, it was shown that 
mortality rises steadily as the partial pressure of arterial oxygen (PaO2) falls below 
about 11 kPa (80 mm Hg) (Bellingan G, Wunsch H, Young D, Rowan K (2004) Is there 
a difference in mortality between patients admitted to ICU/HDU with acute hypoxaemic 
respiratory failure from pulmonary and extra-pulmonary causes: A study of 57706 
patients [abstract]? Am J Respir Crit Care Med 169:A17).  

Rats exposed to hypoxic conditions develop a mild inflammatory response with 
increased capillary leak and pro-inflammatory cytokine release (Madjdpour C, Jewell 
UR, Kneller S, Zeigler U, Schwendener R, et al. (2003) Decreased alveolar oxygen 
induces lung inflammation. Am J Physiol Lung Cell Mol Physiol 284:L360–L367).  

Hypoxia increases leukocyte adhesion, prolongs neutrophil survival, enhances pro-
inflammatory responses (in particular, increasing leukocyte IL-8 expression), and reduces 
lung fluid transport. A new study by Thiel et al. in PLoS Biology that shows a potential 
benefit for hypoxia is therefore a challenge to current thinking (Thiel M, Chouker A, 
Ohta A, Jackson E, Caldwell C, et al. (2005) Oxygenation inhibits the physiological 
tissue-protecting mechanism and thereby exacerbates acute inflammatory lung injury. 
PLoS Biol 2:e174). 

Hyperoxia can be toxic. Experiments in primates show that 100% oxygen results 
in progressive damage to the pulmonary endothelium and epithelium. It 
causes free radical release, capillary leak, and impaired surfactant function in 
addition to arteriolar vasoconstriction and maldistribution of microcirculatory 



perfusion (Welty-Wolf KE, Simonson SG, Huang YC, Kantrow SP, Carraway MS, et al. 
(1997) Aerosolized manganese SOD decreases hyperoxic pulmonary injury in primates. 
II. Morphometric analysis. J Appl Physiol 83:559–568) (Tsai AG, Cabrales P, Winslow 
RM, Intaglietta M (2003) Microvascular oxygen distribution in awake hamster window 
chamber model during hyperoxia. Am J Physiol Heart Circ Physiol 285:H1537–H1545). 

5.0.1   Carbogen (95% oxygen-5% carbon dioxide) breathing aids cancer therapy 

A study was done with carbogen (95% oxygen-5% carbon dioxide) breathing combined 
with radical radiotherapy in patients with advanced head and neck cancer who are unfit to 
receive concomitant chemotherapy.  Considering the poor results of radiotherapy alone in 
advanced head and neck cancer, these results suggest that carbogen breathing may be a 
valid alternative for patients with severe co-morbidities who are unfit to receive 
concomitant chemotherapy (Carbogen breathing combined with radical radiotherapy in 
advanced head and neck cancer patients with severe co-morbidities. H Vees and AS 
Allal. Clin Oncol (R Coll Radiol). 2006 Aug;18(6):493-6).  

5.0.2   Mice can sense oxygen through skin 

Biologists at the University of California, San Diego have discovered that the skin of 
mice can sense low levels of oxygen and regulate the production of erythropoietin, or 
EPO, the hormone that stimulates our bodies to produce red blood cells and allows us to 
adapt to high-altitude, low-oxygen environments.   Their surprising finding, published in 
the April 18,2008 issue of the journal Cell, contradicts the notion of mammalian skin as 
an envelope around our bodies with little connection to the respiratory system.  
 
If found to apply to humans, the discovery could radically change the way physicians 
treat anemia and other diseases that require boosting our bodies' ability to produce red 
blood cells. It also could be used to improve the performance of endurance athletes 
competing in this summer's Olympic Games.  
 
"What we found in this study is really something quite unusual," said Randall Johnson, a 
professor of biology at UC San Diego who headed the research study. "We discovered 
that mammalian skin, at least in mice, responds to how much oxygen is above it and, 
by virtue of that response, changes blood flow through the skin. This, in turn, 
changes one of the most basic responses to low oxygen that we have, which is the 
production of erythropoietin."  
 
Those responses, the researchers suspect, could be ancient traits retained as mammals 
evolved from lower forms of vertebrates, such as amphibians, that possess the same sorts 
of ion channels to promote oxygen diffusion in their extremely permeable skins as 
mammals have in their lungs.  
 
"Amphibians - frogs most notably - breathe through their skin and are able to sense and 
respond to how much oxygen is in the air or water around their skin," Johnson added. 
"But nobody had ever thought about asking those questions about the skin of mammals."  



Recently, a lungless frog was discovered in South America. 
 
The UC San Diego team found no evidence that mice could breathe through their 
skin. But if their discovery that mice sense low oxygen through their skin and trigger 
EPO production is found to apply to humans, it would have dramatic implications for the 
training and testing of endurance athletes during the Summer Olympic Games in Beijing.  
 
Besides training at altitude and in low-oxygen tents - the two generally accepted 
legal methods of boosting red blood cell production - runners, swimmers, cyclists 
and other endurance athletes seeking better performances by increasing the oxygen-
carrying capacity of their blood may now have another legitimate way to increase 
their red blood counts. Blood doping, the injection of additional red blood cells into the 
body, and the injection of synthetic recombinant EPO to boost red blood cell production 
are illegal in the Olympics and banned by most sports governing bodies. But what if 
athletes could boost their own EPO and red blood cell counts by exposing their bodies to 
low levels of oxygen" Or, to obtain the same effect, by merely increasing blood flow 
through their skin"  
 
"We've discovered a potent physiological trigger that can be enacted or enabled without 
exogenous sources of EPO," said Johnson. "We show in this paper that breathing in one 
level of oxygen and exposing your body to another level of oxygen is really a potent 
trigger for the body to produce its own EPO. It's not hard to foresee people taking what 
we've learned in mice and applying it to humans."  
 
If human skin is found to be sensitive to oxygen levels, it could revive the debate over the 
"Goldfinger Syndrome." This idea, perpetuated by the famous James Bond movie 
in which the villain's girlfriend is killed after being painted gold, has been the focus 
of urban legends and internet discussions about the possible negative health effects of 
painting the skin. It has been the subject of two investigations by the Discovery Channel 
show "MythBusters."  
 
The team's discovery - aided by collaborators in Sweden, Germany and the University of 
Pennsylvania - came after two years of trying to determine why certain mice the 
researchers had genetically engineered for experiments exhibited high levels of EPO. In 
2004, Johnson and his students published a paper in the journal Plos Biology, detailing 
how they had transformed ordinary laboratory mice into the rodent equivalent of Olympic 
endurance athletes. They did this by deleting a gene that allows mammalian muscles 
to switch from aerobic to anaerobic metabolism when oxygen levels in the muscle 
run low.  
 
Most of our daily activities are performed aerobically, through biochemical mechanisms 
in our muscles that make full use of oxygen. But when the demands of our muscular 
system exceed its available supply of oxygen, as in sprinting for a bus or lifting a 
heavy object, a protein known as hypoxia inducible transcription factor-1, or HIF-1, 
is activated. This protein enables the muscle to switch to the more energetically 
explosive, but expensive anaerobic process, which does not use oxygen and generates 



lactic acid as its byproduct.  
 
When Johnson and students knocked out the negative regulator of the HIF-1 gene, they 
produced tiny mice with skin that look red and flushed. These mice have trouble retaining 
body heat because a larger proportion of their blood is sent to their skin and cooled, much 
like a person sitting in a hot sauna or Jacuzzi. But the most puzzling aspect of these 
mutant mice is their extremely high EPO levels - so high that 90 percent of their 
blood plasma is composed of red blood cells, compared to 40 to 50 percent for 
normal individuals.  
 
"Their blood is basically paste and their hearts are enlarged as a result," Johnson said. 
"We could not understand why the skin was exerting this effect. It just didn't make sense 
to us. We could figure out every other aspect of why this mutant mouse looked an acted 
the way it did, but this one thing was really bothersome to us, so that sent us down this 
road. When we found that the EPO was coming from internal organs, not the skin of 
these mice, we thought there must be some kind of signal from the skin to the internal 
organs."  
 
Johnson and others in his laboratory - graduate student Adam Boutin, postdoctoral fellow 
Alexander Weidemann and undergraduate Lernik Mesropian - verified that the HIF-1 
gene was responsible by genetically engineering mutant mice without the gene in their 
skin cells. These mice were unable to signal the production of extra EPO when their skin 
was exposed a chamber filled with 10 percent oxygen - about the level found at Mount 
Everest. The concentration of oxygen at sea level is about 21 percent. Normal mice were 
able to increase the amount of EPO production at this 10 percent level.  
 
This occurred, the researchers found, when more blood rushed into the skin. By putting 
on the mouse's skin a nitroglycerine patch, which increases blood flow through the 
skin, the researchers found that mice could dramatically increase their production 
of EPO and red blood cells.  

I believe that the application of a nitroglycerine skin patch may be a simple way to 
increase one’s oxidative capacity.  I will have to explore this possibility. 
 
"EPO administration is a multi-billion dollar drug market for the treatment of all 
sorts of diseases involving low red blood cell counts," said Johnson. "So the ability to 
manipulate red blood cell production just by changing blood flow through certain parts of 
the skin could be profound. We show in this study that by just putting a little 
nitroglycerine patch we were able to trigger very big increases in EPO. Whether this 
turns out to be true for humans, we don't know yet. But potentially this could be a very 
interesting way to manipulate this pathway."  
 
Johnson and his team, which included UCSD assistant professor of biology Colin Jamora, 
found that having mice breathe in a chamber with their entire bodies exposed to low 
levels of oxygen had the greatest response and produced the most EPO. When the mice 
were allowed to breathe 10 percent oxygen in one chamber, but had the skin from their 



neck down exposed to 21 percent, or sea-level oxygen, in another chamber built by 
Powell, more than one-half of their adaptation to low oxygen was lost.  
 
"If we put mice that lack a hypoxic response in their skin in a low oxygen chamber more 
than half of their hypoxic response goes away and that was surprising to us," Johnson 
said. "The skin really is a big contributor to the way the mouse responds to low 
oxygen."  
 
"All of the important responses to hypoxia, or low oxygen, were thought to be triggered 
by oxygen-sensitive nerves and molecules in the blood and internal organs," said Powell. 
"However, these experiments clearly show that the skin directly responds to changes in 
oxygen in the environment with changes in blood flow. These changes in skin blood flow 
are highly significant by causing changes in the levels of hypoxic inducible factor, which 
is a sort of 'master switch' for adapting to low oxygen that activates multiple genes to 
enhance oxygen delivery throughout the body."  
 
Johnson said that because people with skin inflammations such as psoriasis and eczema 
can have low red blood cell counts, he and his team are interested in extending their study 
to investigate anemia caused by skin inflammations in their mutant mice.  
 
"In people with anemia of inflammation it seems as if the EPO isn't having an effect," he 
added. "We actually have mutant mice with skin inflammation that show this same effect. 
They have high EPO levels, but they don't have a high red blood cell count. The mutants 
we used in our study have high EPO levels and high red blood cell counts. But they don't 
have inflammation. The next step for us is going to be trying to figure out why these 
inflammatory diseases trigger EPO. Is there something about inflammation that we can 
trigger so these people can be treated without suffering this kind of anemia""  
 
The scientists said in their paper that their discovery also might explain why people in 
some parts of Nepal, India and Pakistan massage newborn babies in mustard oil, a 
mild irritant that promotes blood flow through the skin.  
 
"We show in this study that if you paint the skin of a mouse with this mild irritant, 
mustard oil, it will also trigger EPO release at a somewhat lower level," Johnson said. 
"In India and Pakistan babies are in some communities massaged in mustard oil at birth; 
and some health workers have been trying to get them to stop this folk tradition. But we 
show that in mice this increases EPO levels. And since increased EPO levels contribute 
to increased red blood cell counts one could imagine it being beneficial." 

5.0.3   Hypoxia and the inflammatory cell 

The discovery that a single protein allows certain immune cells both to respond to low 
oxygen levels and to induce inflammation may provide a new target for drugs to treat 
diseases characterized by excessive inflammation.  Infected tissues, wounds, rheumatic 
joints, and parts of tumors that have outgrown their blood supply would seem to 
have little in common. Yet such sites share two features: they have lower 



concentrations of oxygen than healthy tissues (they are 'hypoxic'), and they are 
infiltrated by leukocytes, major cell types of the innate immune system (Immunology: 
Oxygen and the inflammatory cell.  Carl Nathan. Nature 422, 675-676 (17 April 2003).  I 
believe that hypoxia sets the state for the ROSI syndrome and an EMOD 
insufficiency. 

5.1.0   Hyperoxia may not be harmful 

Oxygenation of patients with acutely impaired lung function saves lives, but what is the 
right amount of oxygen? Many clinicians use the oxygen dissociation curve, aiming 
for saturations of above 92%. Others highlight the fact that patients with severe 
respiratory failure can survive despite being mechanically ventilated for days on 100% 
oxygen. In other words, a high percentage of inspired oxygen itself may not be 
harmful. (In animal studies showing harm from giving 100% oxygen, the lungs are 
usually normal at the beginning of the study, so the arterial oxygen is correspondingly 
high—typically a PaO  of 40 kPa (300 mm Hg); thus, it may be the high PaO  rather than 
the high percentage of inspired oxygen that causes lung damage.) Some researchers 
question the importance of oxygen toxicity at all—for example, Meier et al., using a 
hemorrhagic shock model, found a significant improvement in outcome from the 
addition of 100% oxygen to the resuscitation (Meier J, Kemming GI, Kisch-Wedel H, 
Blum J, Pape A, et al. (2004) Hyperoxic ventilation reduces six hour mortality after 
partial fluid resuscitation from hemorrhagic shock. Shock 22:240–247). 
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5.1.1   Hyperthermia increases macrophage EMOD release 

It has been well established that inadequate blood supply combined with high metabolic 
rates of oxygen consumption results in areas of low oxygen tension (<1%) within 
malignant tumours and that elevating tumor temperatures above 39 degrees Celsius 
results in significant improvement in tumor oxygenation.  

Macrophages play a dual role in tumor initiation and progression having both pro-tumor 
and anti-tumor effects. However, the response of macrophages to heat within a hypoxic 
environment has not yet been clearly defined. METHODS: Raw 264.7 murine 
macrophages were incubated under normoxia and chronic hypoxia at temperatures 
ranging from 37-43 degrees Celsius. Under normoxia at 41 degrees Celsius, 
macrophages start to release significant levels of superoxide. The 
combination of heat with hypoxia constitutes an additional stimulus leading to 
increased respiratory burst of macrophages. RESULTS: The high levels of superoxide 
were found to be associated with changes in macrophage production of pro-angiogenic 
cytokines. While hypoxia alone (37 degrees Celsius) increased levels of hypoxia 
inducible factor-1alpha (HIF-1alpha) in macrophages, the combination of hypoxia and 
mild hyperthermia (39-41 degrees Celsius) induced a strong reduction in HIF-1alpha 
expression. The HIF-regulated vascular endothelial growth factor (VEGF) decreased 
simultaneously, revealing that heat inhibits both HIF-1alpha stabilization and 
transcriptional activity. CONCLUSION: The data suggest that temperatures which are 
readily achievable in the clinic (39-41 degrees Celsius) might be optimal for 



maximizing hyperthermic response. At higher temperatures, these effects are 
reversed, thereby limiting the therapeutic benefits of more severe hyperthermic 
exposure (ROS production and angiogenic regulation by macrophages in response to 
heat therapy. I.L. Jackson et al.  2006 Jun;22(4):263-73).  I believe 
that the increased EMOD release by hyperthermia, alone, can be of great clinical 
benefit for cancer treatment.  It should be added to my techniques for increasing the 
oxidative capacity.  

Int J Hyperthermia.

5.1.2   Oxygen sensing by all cells 

All cells have the ability to sense O and to activate adaptive processes that will enhance 
the likelihood of survival in anticipation that oxygen availability might become limiting. 

2 

Mitochondrial respiration is responsible for more than 90% of oxygen 
consumption in humans. Cells utilize oxygen as the final electron acceptor in the 
aerobic metabolism of glucose to generate ATP which fuels most active cellular 
processes. Consequently, a drop in tissue oxygen levels to the point where oxygen 
demand exceeds supply (termed hypoxia) leads rapidly to metabolic crisis and 
represents a severe threat to ongoing physiological function and ultimately, viability. 
Because of the central role of oxygen in metabolism, it is perhaps not surprising that we 
have evolved an efficient and rapid molecular response system which senses hypoxia 
in cells, leading to the induction of an array of adaptive genes which facilitate 
increased oxygen supply and support anaerobic ATP generation (Mitochondria and 
cellular oxygen sensing in the HIF pathway. CT Taylor. Biochem J. 2008 Jan 
1;409(1):19-26). 

The ability to sense and respond to changes in oxygen is essential for the survival of 
prokaryotic and eukaryotic organisms. Oxygen-sensing mechanisms have been 
developed to maintain cell and tissue homeostasis, as well as to adapt to the chronic low-
oxygen conditions found in diseases such as cancer.  All eukaryotic cells utilize 
oxidative phosphorylation to maintain their high-energy phosphate 
stores. Mitochondrial oxygen consumption is required for ATP generation, and cell 
survival is threatened when cells are deprived of O . Consequently, all cells have the 
ability to sense O , and to activate adaptive processes that will enhance the likelihood of 
survival in anticipation that oxygen availability might become limiting. Mitochondria 
have long been considered a likely site of oxygen sensing, and some propose that the 
electron transport chain acts as an O sensor by releasing reactive oxygen species (ROS) 
in response to hypoxia.   

2

2

2 

The process of oxygen sensing is of fundamental importance in biology. An ability to 
control the oxygen sensing mechanism in cells, potentially using small molecules 
(EMODs) that do not disrupt oxygen consumption, would open valuable therapeutic 
avenues that could have a profound impact on a diverse range of diseases.  (Oxygen 
sensing by mitochondria at complex III: the paradox of increased reactive oxygen species 
during hypoxia. Guzy, RD, Schumaker PT. Exp Physiol. 2006 Sep;91(5):807-19). 



5.2.0   Radical Theory 
 
As one of the world's leading experts on exercise and immunology, David Nieman has 
been studying questions like this for more than 20 years, with only enough time off to run 
58 marathons (with a 2:37 PR) and ultramarathons. He's also a doctor of public health 
and a professor of exercise science at Appalachian State University. Burfoot called him to 
ask if a Runner's World reader running 20 miles a week should be worried about free 
radicals. "No way," he says. "The regular 20-mile-a-week runners shouldn't even give it a 
second thought. The body produces plenty of endogenous [inside the body] antioxidant 
enzymes to deal with free radicals." 
 
Nieman examined the exercise-and-free-radical question in his column "You Asked for 
It: Question Authority," in the July/August 2006 issue of ACSM Health & Fitness 
Journal. "The body is equipped with a sophisticated defense system that is quite efficient 
in eliminating most of the radicals," he wrote. "The more you exercise, the more your 
body turns into a strong fortress against the onslaught of free radicals." 
Burfoot asked him next about a hypothetical 70-mile-a-week runner. "We don't really 
know enough about very-high exercise levels to answer that one," Nieman says. "But in 
our Los Angeles Marathon study, we did find that postmarathon infections were 
significantly higher among those who trained more than 60 miles a week." 
 
Nieman's no Pollyanna. He admits to concerns about the health of frequent marathoners 
and ultramarathoners, including competitors in events like the Western States 100-Mile, 
where he's been conducting research the last five years. "You have to remember that 
every good thing can be overdone," he says. "Ultrarunners are facing a tremendous 
amount of oxidative stress and immune dysfunction. My guess is that we're going to find 
that, for some, the oxidative stress goes beyond what their bodies can cope with." About 
25 percent of competitors in the Western States, for example, suffer postrace colds and 
infections, compared with 15 percent of marathon finishers. 
 
5.2.1    Radical Solutions 
 
Since antioxidants such as vitamin C, vitamin E, beta-carotene, and others are supposed 
to neutralize free radicals, should you take them? "In theory, it's a no brainer," says 
physiologist Scott Powers, Ph.D., a free-radical researcher at the University of Florida 
and author of the 2004 article "Dietary antioxidants and exercise" in the Journal of Sport 
Sciences. "The problem is, in reality, we have no evidence that these supplements 
benefit exercisers." Fifteen years ago Powers used to take a variety of supplements. Now 
he limits himself to a daily multivitamin. "It only takes five workouts for the body to 
increase its production of protective antioxidant enzymes," he says. "Besides, free 
radicals aren't all bad, the way we used to think they were." 
 
Free radicals not bad? Now that's a radical proposition. According to Powers, free 
radicals have at least two important functions. First, they fight off invading infections. 
Second, they actually signal muscle cells to make adaptive changes to exercise. In 
other words, they play a key role in what we call "the training effect." Indeed, most 



exercise-produced free radicals never leave the muscles. They never get to the tissues 
and organs where they're known to do damage. 
 
The free radicals to worry about are the ones that infiltrate your body via environmental 
pollutants, such as ozone and cigarette smoke. Stay as far away from them as you can. 
And continue to fight them. 
 
As for antioxidants, the most effective exogenous (from outside your body) ones come 
from, you guessed it, fruits and vegetables rather than bottles. "I don't see any way a 
highly processed pill is ever going to provide the same spectrum of antioxidants as 
brightly colored fruits and vegetables," says Nieman.  
  
The folks at FRS Energy have been busy promoting quercetin. Their FRS (Free Radical 
Scavenger) antioxidant energy drink, with quercetin as the primary ingredient, produced 
impressive results in an endurance bicycling study conducted at Pepperdine University. 
In a randomized, double-blind, cross-over study published in the August 2006 issue of 
the International Journal of Sport Nutrition and Exercise Metabolism, experienced 
cyclists performed 3.1 percent better in a 30-K time trial after six weeks of FRS 
supplementation than after a placebo drink.  
 
And that's not the only enhancement achieved by quercetin. Last March an article in the 
journal Phytomedicine revealed that FRS "showed unexpected improvement of male 
sexual function." Further investigation revealed that the FRS worked through the same 
biochemical pathway as Viagra. 
 
This could add fire to an ongoing medical debate about a movie character who fared 
much better than Howard Beale. James Bond's good health and virility are the stuff of 
legend, and in 1999, two Canadian researchers proposed an explanation for Agent 007's 
vigor. In the British Medical Journal, they noted that Bond always ordered his martinis 
"shaken but not stirred." This, they claimed after careful analysis, increases the 
antioxidant power of the drink. Another physician quickly pointed out that Bond also 
enjoyed onions in his martini. 
 
Dr. J.P. Saleeby states that, “free radicals are tiny little devils that can impact our health 
in a very negative way.” in a JIVE Magazine article entitled, “Free Radicals: How a 
byproduct of oxygen can harm our bodies.” 7/14/2006.  He is one of the countless 
victims of the radicophobes attack on EMODs. 
 
Despite the proliferation of skin-care products containing antioxidants, according to Dr. 
Jeffrey Blumberg, chief of antioxidants research at Tufts University, "there is no 
conclusive scientific evidence that antioxidants really prevent wrinkles, 
nor is there any information about how much antioxidant(s) or exactly 
which one(s) has to be present in a product to have an effect." 
 
Despite this lack of hard evidence, fashion magazines and cosmetics companies have 
heralded the elimination of free-radical damage as the fountain of youth. 



 
Dr. Jeffrey Blumberg, points out the methodological and statistical problems with 
published antioxidant intervention trials that suffered from inadequate sampling, poor 
compliance, insufficient duration, no determination of antioxidant status, wrong 
dose, inappropriate study populations, and “polypharmacy”—subjects on multiple 
medications that may interact with antioxidants and influence outcomes.  This is just 
more excuses and misses the primary problem…….the free radical 
theory is wrong. 
 
5.3.0   Vitamin Mania 
 
Some of the following was excerpted, abstracted or modified from:  LiveScience’s Bad 
Medicine Columnist.  02 May 2006. Vitamin Mania: The Truth about Antioxidants 
by Christopher Wanjek.  

Studies showing the negative or null effects of vitamins supplements are so common 
that it is surprising doctors still find these studies to be surprising. Vitamins are not 
as simple as A-B-C. 

The latest bit of confusion appears in the April 27, 2006 issue of the New England 
Journal of Medicine. Doctors in Australia provided nearly 1,900 pregnant women with 
either supplements of vitamins C and E or a placebo to see whether the vitamins 
would lower the risk of developing high blood pressure during pregnancy. It didn't 
work. Surprisingly, the doctors said, the vitamin group had a slightly higher 
rate of high blood pressure compared to the placebo group. 

The levels of vitamins C and E were greater than those found in an ordinary multivitamin 
tablet—1,000 milligrams of C and 400 IU of E, or roughly 10 and 20 times the 
recommended daily allowance. In an editorial accompanying the study, doctors said that 
supplements at these levels should not be prescribed routinely.  

But we love our vitamins. Americans spend about $2 billion a year on 
vitamins C and E, along with beta carotene (a precursor of vitamin A) 
and selenium, according to Nutrition Business Journal. These are the most 
popular antioxidants, a class of chemicals said to cure just about everything. The 
trouble is, science can't seem to support the bad movie script created by the vitamin 
supplement industry. 

Here's the plot, a battle between good and evil: Rogue chemicals called free radicals roam 
about the body like brazen street punks, smashing cellular walls and roughing up 
innocent DNA molecules, causing cancers and the diseases of middle- and old-age. Their 
flagrant disregard for the law would continue unchecked if it weren't for swashbuckling 
antioxidants swooping in on the wings of vitamin supplements, disarming the free 
radicals of their menacing electrons and converting them into respectable molecular 
citizens.  I assure you that there is no such “battle.” 



But the body, it seems, is not governed by a Hollywood "B" script. Free radicals are as 
good as they are bad, and too many antioxidants may do the body harm.  

Free radicals are necessary for life. The body's ability to turn air and food into 
chemical energy depends on a chain reaction of free radicals. Free radicals are also a 
crucial part of the immune system, floating through the veins and attacking foreign 
invaders. Your blood actually contains trace amounts of hydrogen peroxide, an internal 
germ fighter. In fact, you could not fight bacteria without free radicals. 
 

How antioxidants work is an utter mystery, which explains the contradicting results of 
very large and well-conducted studies in the past decade showing, for example, that 
vitamin E slowed the progress of coronary artery disease but increased the risk of a 
heart attack.  

One thing that studies do reveal is that a diet rich in antioxidants, as opposed to 
supplements, is associated with lower rates of cancer and circulatory disease. Richard 
Veech of the National Institute on Alcohol Abuse and Alcoholism, whom I interviewed a 
few years ago, sums it up best, I think: 

"People don't want to exercise," he said. "They don't want to eat healthy food. They don't 
want to stop drinking; they don't want to stop smoking; they don't want to stop having 
dangerous sex. They want to take a pill. Well, good luck." 

I believe that Wanjek has a fairly good grasp of the antioxidant debacle and 
appreciates the humiliating failures of antioxidant claims, which were based on the 
flawed Free Radi-Crap theory. 

Investigators review the effect of fruits and vegetables on genes that influence disease 
risk. This is difficult to determine precisely due to the daily ingestion of over 25,000 
dietary constituents present in fruits and vegetables. 

Dr. Helmit Sies says that fifty grams of dark chocolate have antioxidant functions 
equivalent to six apples, 4 1/2 cups of tea, or seven onions. 

Dr. Arthur Klatsky (Kaiser Permanente Medical Center, California) provided a risk-
benefit analysis of alcohol consumption. Twelve ounces of beer contain 14 grams of 
alcohol, equivalent to 4 ounces of wine or 1.25 ounces of whiskey. People who consume 
three or more drinks per day have a greater risk for cardiomyopathy, hypertension, 
arrhythmia, and hemorrhagic stroke, although the precise mechanisms involved have not 
been elucidated. Compared to abstainers and heavy drinkers, light drinkers have a lower 
risk for heart disease and ischemic stroke. Alcohol increases HDL (the good cholesterol), 
and wine provides increased protection against heart disease mortality, although there is 
little difference between red and white wines. 



There is no harm and some possible good in drinking green tea, Dr Robert Vogel, a 
professor of medicine at the University of Maryland School of Medicine  said, but he 
advised against antioxidant supplements. "Data on vitamin supplements to prevent 
heart disease is totally lacking," he said. - (HealthDayNews)  "As for the timing of 
antioxidant use, until a trial in humans shows that they reduce atherosclerosis, we don't 
know if they will be effective early, late or any time," he said. 

5.3.1   Summary: Does vitamin C, E and/or coenzyme Q prevent cancer? 

This summary was prepared for the Agency for Healthcare Research and 
Quality (AHRQ) by the Southern California Evidence-based Practice 
Center (EPC). Evidence Report/Technology Assessment No. 75, Effect of the 
Supplemental Use of Antioxidants Vitamin C, Vitamin E, and the Coenzyme Q10 for the 
Prevention and Treatment of Cancer.  The objective of this report by the research team 
from the Southern California Evidence-based Practice Center (EPC) was to conduct a 
search of the published literature on the use of supplement forms of the antioxidants, 
vitamin C, vitamin E, and coenzyme Q10, for the treatment and prevention of cancer and, 
on the basis of that search, to evaluate the evidence for the efficacy of these antioxidants. 
A broad search revealed sufficient literature to support a detailed review of the use of two 
of these antioxidants for cancer. 

From these studies, the researchers were able to include data from six trials for the death 
analysis; four trials for the tumors analysis; and four trials for the pooled polyps analysis. 
Only the studies on colonic polyps were homogeneous enough to perform a meta-
analysis. Seven studies also reported on a variety of intermediate outcomes. 

Based on their analyses, the researchers made the following observations: 

• No evidence was found for assessing the efficacy of coenzyme Q10 for 
prevention or treatment of cancer.  

• Three large trials assessed the potential of vitamin C and vitamin E in various 
combinations to prevent cancer when given to persons without cancer. No trial 
reported a statistically significant beneficial effect on death due to cancer, 
nor did any trial show benefit for prevention of new tumor development, 
except for one arm of the ATBC trial, which showed a decrease in the 
development of new prostate tumors.  

• Seven trials assessed the use of vitamin C in patients with advanced cancer. No 
trial reported a statistically significant mortality benefit: Vitamin C did not 
decrease the risk of death from advanced cancer.  

• Six trials assessed the effect of combinations of vitamin C and vitamin E with and 
without beta-carotene on the development of colonic polyps. No trial reported a 
statistically significant beneficial effect.  

• A number of intermediate outcomes studies reported positive results.  
• A single trial of vitamin E in combination with omega-3 fatty acids showed 

increased survival of patients severely ill with a variety of malignancies.  

http://www.ahrq.gov/clinic/epc/socalepc.htm
http://www.ahrq.gov/clinic/epc/socalepc.htm


• In a single trial of patients with bladder cancer who were also treated with bacillus 
Calmette-Guerin (BCG) tuberculosis vaccine, Vitamin C was found to be 
beneficial in reducing the occurrence of new tumors.  

This systematic review of the literature does not support the hypothesis that 
supplements of vitamins C or E or coenzyme Q10 generally help prevent or treat 
cancer. Isolated findings of benefit require confirmation. 

5.3.2   Antioxidant Vitamins do not Prevent Colorectal Adenoma 

People who consume a diet high in vegetables and fruits have a lower risk of cancer of 
the large bowel. Antioxidant vitamins, which are present in vegetables and fruits, have 
been associated with a diminished risk of cancers at various anatomical sites. We 
conducted a randomized, controlled clinical trial to test the efficacy of beta carotene and 
vitamins C and E in preventing colorectal adenoma, a precursor of invasive cancer.  They 
randomly assigned 864 patients, using a two-by-two factorial design, to four treatment 
groups, which received placebo, beta carotene (25 mg daily), vitamin C (1 g daily) and 
vitamin E (400 mg daily), or beta carotene plus vitamins C and E. In order to identify new 
adenomas, we performed complete colonoscopic examinations in the patients one year 
and four years after they entered the study. The primary end points for analyses were new 
adenomas identified after the first of these two follow-up examinations. 

Patients adhered well to the prescribed regimen, and 751 completed the four-year clinical 
trial. There was no evidence that either beta carotene or vitamins C and E reduced the 
incidence of adenomas; the relative risk for beta carotene was 1.01 (95 percent confidence 
interval, 0.85 to 1.20); for vitamins C and E, it was 1.08 (95 percent confidence interval, 
0.91 to 1.29). Neither treatment appeared to be effective in any subgroup of patients 
or in the prevention of any subtype of polyp defined by size or location. 

The lack of efficacy of these vitamins argues against the use of 
supplemental beta carotene and vitamins C and E to prevent colorectal 
cancer. Although our data do not prove definitively that these antioxidants have no 
anticancer effect, other dietary factors may make more important contributions to the 
reduction in the risk of cancer associated with a diet high in vegetables and fruits (A 
Clinical Trial of Antioxidant Vitamins to Prevent Colorectal Adenoma. E. Robert 
Greenberg, John A. Baron, Tor D. Tosteson, Daniel H. Freeman, Gerald J. Beck, John H. 
Bond, Thomas A. Colacchio, John A. Coller, Harold D. Frankl, Robert W. Haile, Jack S. 
Mandel, David W. Nierenberg, Richard Rothstein, Dale C. Snover, Marguerite M. 
Stevens, Robert W. Summers, Rosalind U. van Stolk, for The Polyp Prevention Study 
Group. Vol. 331:141-147. No. 3. July 21, 1994). 
 
5.3.3   Vitamin E can harm immune system 
 
A 1997 study published in the Journal of the American Medical Association found that 
60 mg of vitamin E a day strengthened the immune system in a group of healthy patients 
at least 65 years old, and 200 mg generated a four-to-six fold improvement after four 

http://health.howstuffworks.com/framed.htm?parent=antioxidant.htm&url=http://jama.ama-assn.org/
http://health.howstuffworks.com/immune-system.htm


months. However, 800 mg of vitamin E resulted in worse immunity than receiving no 
vitamin E at all. 
 
5.3.4   Dr. Antioxidant’s predictions fall way short 
 
Dr. Lester Packer has been dubbed by his colleagues "Dr. Antioxidant" because of his 
dedication to the field, as attested by nearly five decades of research into the 
biochemistry of antioxidants and hundreds of scientific papers. Packer proposes that 
antioxidants work in the body not singly, but as a network, and that "the sum is greater 
than its parts." Antioxidants synergize with each other and, even more important, recycle 
each other. 

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. 

This point is crucial to understanding Packer's thesis. In the course of its normal activity, 
an antioxidant becomes a pro-oxidant, i.e. a free radical (although a less destructive one 
than whatever free radical it has just disarmed); it must be recycled to its antioxidant state 
by other antioxidants. 

Thus, in Packer's view, it is necessary to take only four network antioxidants: lipoic acid, 
CoQ10, vitamin E (including tocotrienols) and vitamin C. It might also be desirable to 
include mixed carotenoids and various mixed polyphenols. In Packer's and Colman's 
words, "when combined, [the network antioxidants] create a juggernaut against the lethal 
forces of oxidation."  The implications of antioxidants for anti-aging medicine are 
enormous. As Packer states, the free radical theory of aging could also be called "the 
antioxidant theory of longevity."  I believe that all of Packer’s predictions have been 
shown to be unfounded. 
 
Dr. Roland Stocker (University of New South Wales, Australia) has problems with the 
lipid oxidation theory of arteriosclerosis, noting that, contrary to early expectations, 
supplemental vitamin E has not been shown to have much effect in prospective 
studies. 
 
5.3.5   Harvard Medical School Health Letter statement on antioxidants 

For the past few years, antioxidant supplements have been experiencing a steady fall 
from grace. Once hailed as a cheap and easy way to ward off chronic diseases, 
antioxidants such as vitamin C, beta carotene, and vitamin E haven't panned out as 
a way to prevent heart disease and stroke.  

In 2003, the federal Agency for Healthcare Research and Quality looked at the most 
rigorous studies of three antioxidants — vitamin C, vitamin E, and coenzyme Q10 — and 
heart disease. Perhaps a little smoke, but no fire, the agency concluded.  



The American Heart Association's Nutrition Committee set itself much the same task. It 
evaluated 15 large trials in which more than 100,000 volunteers didn't know whether they 
were taking an antioxidant pill or a placebo. The result of this analysis? No evidence that 
antioxidant supplements affect heart disease. The committee's report, published in the 
August 3, 2004, issue of Circulation , warns against using antioxidant pills or potions 
to ward off heart attacks or heart disease.  

These two assessments seem to slam the door on antioxidant supplements. Is this the 
swan song for antioxidants? 

5.3.6   Vitamin failures and heart failure 
 
In general the results of antioxidant agents have been disappointing in situations such 
as percutaneous coronary intervention or thrombolysis for acute MI. In the setting of 
heart failure, antioxi-dants (eg, vitamin C) have been demonstrated to improve 
endothelial function small studies (Hornig B, Arakawa N, Kohler C, Drexler H. Vitamin 
C improves endothelial function of conduit arteries in patients with chronic heart failure. 
Circulation 1998 ; 97 : 363-8). Importantly, this beneficial effect was shown to be due to 
an increase in NO bioavailability.  
 
However, larger randomised trials of antioxidant therapy looking at 
mortality and other clinical end-points have been negative. The Cambridge 
Heart antioxidant Study ran-domised 2,002 patients with coronary artery disease to 
receive vitamin E or placebo (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 : 
781-6).  
Whilst a reduction in the number of non-fatal MI was observed after a median follow-up 
of 1.4 years, no difference in cardio-vascular death was observed.  
 
The HOPE investigators found no protective effect of high dose vitamin E in 
reducing death or cardiovascular events over a 4.5 year period (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).  
 
Furthermore, the incidence of heart failure in the vitamin E treated group 
was higher than placebo. Finally, The Heart Protection Study also examined the 
benefit of high dose vitamin E in over 20,000 individuals and found no reduction in 
cardiovascular events  (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). 

"The Case Against Vitamins," appeared in the 2006 Wall Street  Journal. For years there 
were claims calling vitamins “useless” and the cause of “expensive urine”, but the 
Journal heading was hard to ignore: "Recent studies show that many vitamins not only 
don't help, They may actually cause harm."  



5.3.7   Vitamins fail to prevent stroke 

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 (Nutrition and Stroke Prevention. Marc Fisher, MD; 
Kennedy Lees, MD, Section Editors: J. David Spence, MD. Stroke. 2006;37:2430). 
 
5.3.8   Dietary antioxidants and the risk of ischemic stroke. The Rotterdam Study 

Results on the association between dietary antioxidants and the risk of stroke are 
controversial (Asplund K. Antioxidant vitamins in the prevention of cardiovascular 
disease: a systematic review. J Intern Med . 2002; 251: 372–392).   

Clinical trials have not provided evidence that using antioxidant vitamins as dietary 
supplements prevents ischemic stroke (Asplund K. Antioxidant vitamins in the 
prevention of cardiovascular disease: a systematic review. J Intern Med . 2002; 251: 372–
392).  

The results of observational studies are controversial. In the Zutphen Study, persons 
who took on average more than 28.5 mg flavonoids daily had a 70% decreased risk of 
stroke (Keli SO, Hertog MG, Feskens EJ, Kromhout D. Dietary flavonoids, antioxidant 
vitamins, and incidence of stroke: the Zuphten Study. Arch Intern Med . 1996; 156: 637–
642).  

In the Western Electric Study, there was a modest decrease in risk of stroke with higher 

intake of vitamin C (Asplund K. Antioxidant vitamins in the prevention of cardiovascular 
disease: a systematic review. J Intern Med . 2002; 251: 372–392).  

In a British study, high intake of vitamin C considerably reduced the risk of death from 
stroke in elderly people (Asplund K. Antioxidant vitamins in the prevention of 
cardiovascular disease: a systematic review. J Intern Med . 2002; 251: 372–392).  

An inverse association was seen between death from stroke and vitamin E from food in 
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).  

In contrast, association was not found between dietary intake of different 
antioxidants and the risk of stroke in several studies (Asplund K. Antioxidant 
vitamins in the prevention of cardiovascular disease: a systematic review. J Intern Med . 
2002; 251: 372–392) (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) (Keli SO, Hertog MG, Feskens EJ, Kromhout D. Dietary flavonoids, 



antioxidant vitamins, and incidence of stroke: the Zuphten Study. Arch Intern Med . 
1996; 156: 637–642).  

Our study shows a protective effect of intake of antioxidants from food, supporting the 
findings of some previous observational studies. In our study, the beneficiary effect was 
mainly confined to smokers. This may partially explain why some other observational 
studies in which no stratification for smoking was performed failed to find an association 
between dietary intake of antioxidants and the risk of stroke.  

Supplement use and diet are different types of intake of antioxidants, and they may have 
different effect on cardiovascular disease. First, dietary intake reflects long-term habitual 
exposure, and supplement use in clinical trials is usually characterized by shorter duration 
and higher dose. Secondly, it might be important for the beneficial effect of antioxidants 
to take action early in the process of atherosclerosis, long before cardiovascular events 
occur. Clinical trials usually involve persons with cardiovascular disease or at high risk. 
Therefore, our finding that high dietary intake of antioxidants but not supplement 
use is associated with a reduced risk of stroke should not be misinterpreted as evidence 
against a potential beneficial effect of vitamin supplements. In observational studies, 
confounding by indication—people taking supplements because of their increased risk—
may also explain why no beneficial effect of supplement use is found (Dietary 
antioxidants and the risk of ischemic stroke. The Rotterdam Study. Z. Vokó, MD PhD, 
M. Hollander, MD PhD, A. Hofman, MD PhD, P. J. Koudstaal, MD PhD and M. M.B. 
Breteler, MD PhD. NEUROLOGY 2003;61:1273-1275). 

 
5.3.9   University of California-Berkeley Wellness Letter: vitamin E not 
recommended  
 
The University of California-Berkeley Wellness Letter, from the same institution that 
discovered the vitamin in 1922, last year, 2005, said it no longer recommended vitamin 
E supplements because of the data showing no benefits.  
 
5.3.10   Johns Hopkins University researchers find E increases death rate 4% 
 
Also in 2005, Johns Hopkins University researchers in Baltimore published a shocking 
finding. After reviewing the data from 19 vitamin E clinical trials of more than 135,000 
people, the analysis showed high doses of vitamin E (greater than 400 IUs) increased 
a person's risk for dying during the study period by 4 percent. Taking the vitamin E 
with other vitamins and minerals resulted in a 6 percent higher risk of dying.  
 
5.4.0   Radico-phobes strike back 

Dr. Jeffrey Blumberg, chief of antioxidant research at Tufts University points out that if 
Dr. Miller’s conclusions were true, it would mean that taking vitamin E is more deadly 
than smoking. Dr. Blumberg was joined by other scientist who took out a full page add 



in the New York Times, the Washington Post and USA Today, denouncing Miller's 
assertions that vitamin E was unsafe. 

Dr. Blumberg also teamed up with 12 other international authorities to state that vitamin 
E is safe and effective at doses up to 1600 IU a day, in the April, 2005 issue of the 
prestigious American Journal of Clinical Nutrition. 

Miller's study, in fact, was exposed as bogus soon after it came out.  The National 
Institutes of Health (NIH) found no serious adverse effects in 40,000 women who took 
600 IU of vitamin E every other day for ten years. Contrary to Miller's predictions, the 
NIH study revealed that heart disease deaths dropped 24% in women who took vitamin 
E. And in women 65 and over, prime targets of heart attacks, vitamin E slashed death 
rates nearly in half--an incredible 49%! According to Dr. Traber. taking vitamin E could 
save over 200,000 women’s lives a year in the US.  

Dr. NG Stevens and researchers at the Department of Medicine, Cambridge University, 
published their Cambridge Heart Antioxidant Study (CHAOS) in the Lancet, Oct 30, 
1999. They found in a double-blind randomized study of 2002 patients with pre-existing 
heart disease that 400-600 iu vitamin E daily reduced non-fatal heart attacks by 36% after 
only one year of supplementation!  

Just imagine: If a drug could slash heart death rates by 49%, and non-fatal heart attacks 
by 36% in one year of use in patients at the highest risk of heart attack, it would be 
heralded as a miracle cure! I caution you to be very circumspect that these huge 
reductions in heart attacks and death rates are achievable with intake of vitamin E. 
Further, Miller’s critics say that double blind studies have shown at least a 50% 
reduction in cataract incidence in those who take vitamin E supplements. 

A new Japanese study says taking 500 mg of vitamin C daily for 5 years cut odds of 
getting three or more colds by 66%. (European Journal of Clinical Nutrition (August, 
2006) 60, 9–17.). Also, high doses of  intravenous vitamin C rapidly killed 100% of 
human lymphoma cells, reports Mark Levine, MD at the National Institutes of Health, as 
well as 9 other cancer cells, including breast, ovarian, lung, kidney and colon. Doctors 
at the University of Kansas gave two women with late-stage 3 ovarian carcinoma 
60,000 mg of vitamin C intravenously twice a week, as well as conventional 
chemotherapy. Their tumors vanished and they have shown no signs of cancer 3 1/2 
years later. I believe that this is due to the prooxidant effect of ascorbic acid at these 
high dose levels. 

5.5.0   THE TRAGIC CASE HISTORY OF INTRAVENOUS VITAMIN E (The 
New York Times) May 27, 1984 
By PHILIP M. BOFFEY  (I have included this article in its entirety.) 

From the first hint of trouble, it took more than two months to get a new vitamin E 
solution off the market, according to Congressional testimony. By then, 38 infants had 



died after receiving the product, E-Ferol Aqueous Solution, 
intravenously.  

Testimony earlier this month at a Congressional hearing that was investigating the deaths 
was inconclusive, and no one has proved that E-Ferol caused them. But inquiries into 
the delay have laid bare gaps in a drug surveillance network that was designed to protect 
the public from potentially dangerous medications.  

The network relies on the diligence and good will of the companies that make, test and 
distribute drugs; the doctors who administer them, and the regulatory authorities who 
oversee the process and are supposed to crack down when danger threatens. When it 
came to E-Ferol, Congressional testimony and follow-up interviews have shown, every 
part of the system failed. And, said Representative Ted Weiss of Manhattan, the chairman 
of hearings on the subject, it is possible that E-Ferol is just ''the tip of the iceberg'' - one 
of hundreds of drugs that have been allowed on the market without Federal review and 
approval. Filling a Medical NeedWhen E-Ferol was distributed last November by O'Neal, 
Jones and Feldman Pharmaceuticals of Maryland Heights, Mo., it answered an important 
need in caring for premature babies. The usual methods for administering vitamin E, one 
of the more significant nutritional needs among underweight newborns, do not work well. 
The babies' immature stomachs cannot handle oral doses easily, and their limited muscle 
area cannot absorb large amounts if the vitamin is injected intramuscularly. E-Ferol, 
however, was injected into the veins, which made it an immediate hit with many 
hospitals. At least one pharmacist, S. Fred Figa of Fairfax Hospital in Falls Church, 
Va., promptly told the Food and Drug Administration that the solution was being 
marketed without Federal approval. In January, doctors at Sacred Heart Hospital in 
Spokane, Wash., concluded that E-Ferol might have been responsible for four infant 
deaths in their nursery; they notified the drug's distributor. Subsequently, other callers to 
the distributor also raised questions about the drug.  

In March, other hospitals informed Federal officials that several premature infants treated 
with E-Ferol had died. But it was not until April 10 that the distributor, under pressure 
from Federal regulators, took the vitamin product off the market.  

Explanations for this delay begin with the drug's manufacturer, Carter-Glogau 
Laboratories Inc. of Glendale, Ariz., and the distributor, O'Neal, Jones. Neither had 
sought F.D.A. approval to market the solution, a process that would have required 
clinical trials to demonstrate it was safe and effective. The distributor reportedly told 
callers that approval was unnecessary because the product was not a new drug, but 
a variation of others long on the market. (Competing companies thought otherwise and 
were seeking F.D.A. approval for their intravenous vitamin E preparations.)  

Dr. Carl J. Bodenstein, a neonatologist at Sacred Heart Hospital, said that in January, 
when he and his associates told O'Neal, Jones of infant deaths possibly linked to E-Ferol, 
they were told in turn that the substance had been proved safe, and were threatened 
with libel or slander charges if they said otherwise. Other doctors also received 
assurances that the product was safe.  



The company did not report the deaths to the F.D.A. Whether it had a legal 
responsibility to do so is not clear, because of the drug's disputed status. Any company 
marketing a product that needs Federal approval is obliged to report severe reactions 
within 15 working days of their discovery, according to William Grigg, an agency 
spokesman. But any company marketing a drug that does not need approval is under no 
such obligation. In a case such as E-Ferol, where a company did not seek approval but 
perhaps should have, the reporting requirement is fuzzy. Representative Weiss said he 
was asking the Justice Department to determine whether a criminal or civil suit should be 
brought in the case. The doctors in Spokane did not fill the reporting gap. They called a 
regional F.D.A. official in January to find out if E-Ferol had been approved, but they did 
not mention the deaths associated with its use. At the time, Dr. Bodenstein said, he and 
his colleagues were making ''a very subjective and very risky assumption'' that E-Ferol, 
and not a nursery infection, was causing the deaths. So they notified the distributor, who 
they believed had a responsibility to inform the F.D.A., and they told their story to a 
prominent pediatrician, whose professional standing and closer ties to the F.D.A., they 
thought, would lead him to inform the agency. 'Working in a Void'We decided to let 
people who knew how to play the game play it,'' Dr. Bodenstein said. But ''things fell 
through'' and the pediatrician, whom Dr. Bodenstein would not name, never acted. 
(Weeks later, doctors in Ohio and Tennessee alerted the Centers for Disease Control in 
Atlanta to clusters of deaths among infants receiving E-Ferol. The centers investigated 
and at the end of March told the F.D.A. the vitamin E solution might be dangerous.) The 
Spokane group also prepared a warning notice and request for information on similar 
deaths for publication in a professional journal. The material appeared this month. 
Remarking on the apparent lack of urgency, Dr. Bodenstein said he was afraid of warning 
doctors off vitamin E, a valuable product that was saving lives, before ruling out other 
causes of the nursery deaths. ''Keep in mind that we were the first people trying to sort all 
this out,'' he said. ''We were working in a void.'' The Food and Drug Administration, 
however, was not. The agency had been told repeatedly that the solution was being 
marketed without approval, but took no action until it learned of the mounting death toll. 
Agency officials have offered various explanations as to why they had not mandated a 
safety review: that vitamin E had been used safely for decades; that the intravenous 
form did not seem to be very different from other vitamin E products; that the whole 
class of vitamins was under long-term review, which made action on an individual 
vitamin premature. An internal agency memorandum noted, too, that the compliance 
section said it ''does not have the resources to go after all the drugs that are marketed'' and 
that ''because this is a vitamin, it has low priority.'' The author of the memorandum, Dr. 
Gloria Troendle, said she ''did not understand that any illness or deaths were thought to 
be related to the drug.'' Some observers agree this was a reasonable response. ''It's an 
imperfect world,'' said a former agency official, who asked not to be identified. ''They 
put vitamins at the bottom of their list of concerns and it blew up in their face. But I 
don't know any better way to do it.''  

5.5.1   Vasculoplastic hepatotoxicity from intravenous vitamin E 

A fatal syndrome characterized by progressive clinical deterioration with 

unexplained thrombocytopenia, renal dysfunction, cholestasis, and ascites developed 



in certain infants throughout the United States who had received E-Ferol, an 
intravenous vitamin E supplement. We reviewed the clinical course of all 36 infants 
from one (index) nursery who had received E-Ferol, which contains 25 units per milliliter 
of dl-alpha-tocopheryl acetate solubilized with 9% polysorbate 80 and 1% polysorbate 
20. The syndrome was recognized in eight of the 36 infants; affected infants had a lower 
birth weight (less than 1,200 g) and had received a higher total dose of E-Ferol for longer 
periods than the unaffected cases. They reviewed autopsy-derived tissue from 20 infants 
(six from the index nursery and 14 from three other collaborating nurseries) who had 
received the intravenous vitamin E preparation in a reported dose of 25 to 137 
units/kg/day for six to 45 days between October 1983 and March 1984. The hepatic 
histology in the affected cases indicated a progressive injury characterized initially by 
Kupffer cell exfoliation, central lobular accumulation of cellular debris, and centrally 
accentuated panlobular congestion. Prolonged exposure to E-Ferol was 
associated with progressive intralobular cholestasis, inflammation of 

hepatic venules, and extensive sinusoidal veno-occlusion by fibrosis. They 

proposed that vasculocentric hepatotoxicity is the basis for the observed clinical 
syndrome that represents the cumulative effect of one or more of the constituents of E-
Ferol (Vasculopathic hepatotoxicity associated with E-Ferol syndrome in low-birth-
weight infants. K. E. Bove, N. Kosmetatos, K. E. Wedig, D. J. Frank, S. Whitlatch, V. 
Saldivar, J. Haas, C. Bodenstein and W. F. Balistreri. JAMA. Vol. 254. No. 17. 
November 1, 1985).   

I believe that this is another serious indictment against the use of this dangerous 
antioxidant, vitamin E. 

Since March 9, 1984, CDC has received reports from two hospitals of clusters of an 
unusual illness occurring among low-birthweight (less than 1,500 grams), premature 
infants in neonatal intensive-care units. Thirteen affected infants in these two hospitals 
developed clinically significant ascites, in addition to some or all of the following 
abnormalities: hepatomegaly, splenomegaly, cholestatic jaundice, azotemia, and 
thrombocytopenia. Eight infants have died. All affected infants had received parenteral 
nutrition therapy, in addition to other supportive measures and therapeutic interventions 
common to the care of low-birthweight infants. An intravenous vitamin E preparation, 
containing 25 mg/ml vitamin E, 9% polysorbate 80 and 1% polysorbate 20 in 2-ml vials 
(E-Ferol Aqueous SolutionR, distributed by O'Neal, Jones & Feldman, St. Louis, 
Missouri), was introduced in each hospital for addition to parenteral nutrition solutions 
approximately 1 month before the onset of illness in the first infant in both clusters. All 
affected infants received E-Ferol; some affected infants received up to 1 ml or 
more daily. Both outbreaks ceased shortly after use of E-Ferol was 
discontinued.  

Premature neonates are reported to have a relative deficiency of vitamin E at birth, 
which has been associated with hemolytic anemia in premature infants (Ehrenkranz RA. 
Vitamin E and the neonate. Am J Dis Child 1980;134:1157-66). 



5.5.2   Admixture of a Multivitamin Preparation to Parenteral Nutrition: The 
Major Contributor to In Vitro Generation of Peroxides 
 
Peroxides have been reported to contaminate lipid emulsions and amino acid solutions 
used in total parenteral nutrition (TPN). This is particularly disturbing in newborn infants 

who are prone to several diseases related to immature defense mechanisms against 
oxidative challenges. It is not clear whether the antioxidants in multivitamins help protect 
parenteral nutrients against the hazards of oxidation. 

Multivitamin preparations contain several antioxidants such as ascorbate, 
tocopherol, vitamin A, mannitol, butylhydroxytoluene. Therefore, one would expect 
the multivitamins to help protect parenteral nutrients against the hazards of oxidation. 
This is supported by the observation that ascorbate hinders the generation of peroxides in 
a lipid emulsion. These antioxidants act as chain-breaking agents by scavenging 
peroxyl radicals and reactive oxygen species. Multivitamin preparations also contain 
molecules associated with the generation of peroxides, such as riboflavin and 
detergents. It is not clear whether multivitamins have antiperoxide properties. (Bhatia J, 
Stegink LD, Ziegler EE Riboflavin enhances photo-oxidation of amino acids under 
simulated clinical conditions. J Parenter Enter Nutr. 1983; 7:277-279) (Ding S 
Quantitation of hydroperoxides in the aqueous solutions of non-ionic surfactants using 
polysorbate 80 as the model surfactant. J Pharm Biochem Anal. 1993; 2:95-101) 

Investigators evaluated the role of a multivitamin preparation (MVI) on the actual 
peroxide load received by patients on TPN. Even when protected from light, the addition 
of MVI produced a 10-fold increase in peroxides in the fat-free TPN solution and a 
fourfold increase (64 ± 6 to 244 ± 8 µM = TBH at 4 h) in the lipid-containing TPN 
solution. A dose-response relationship was found between the concentration of MVI and 
peroxide levels. The effect of light was the strongest in the presence of multivitamins. The 
amino acid solutions had a relative inhibitory effect on the generation of peroxides 
by MVI, which varied all according to the amino acid blend. In parenterally fed 
premature infants, protecting the intravenous set from light decreased the load of infused 
peroxides.  Conclusions.  The lipid emulsion had a significant but minor additive 
effect compared with the multivitamin preparation, which was the major 
contributor to the generation of peroxides. Protection from photooxidation is not 
sufficient to prevent peroxidation of TPN solutions. Contrary to what one would 
expect, increasing the concentration of MVI will lead to a greater 
generation of peroxides, suggesting that the essential antioxidants in 
MVI do not have antiperoxide properties. (Admixture of a Multivitamin 
Preparation to Parenteral Nutrition: The Major Contributor to In Vitro Generation of 
Peroxides. Jean-Claude Lavoie, Sylvie Bélanger, Monica Spalinger, and Pharm; and 
Philippe Chessex. PEDIATRICS Vol. 99 No. 3 March 1997, pp. e6). 

I believe that this is a curious finding, in that the antioxidants do not appear to have 
an antiperoxide effect.  This casts more doubt on the validity of the Free Radi-Crap 
theory. 



5.5.3   Three jailed for selling drug (vitamin E) that killed 38 babies 

(Three Jailed for Selling Drug That Killed 38 Babies. FDA Consumer. Catherine Carey. 
July-August 1989)  

Mr. and Mrs. Harris have mixed emotions. Mrs. Harris just gave birth to a boy, three 
months prematurely. And, while the couple is overjoyed at having a baby, they are sick 
with worry about the child's health.  To make matters worse, the oxygen being used to 
keep the baby's underdeveloped lungs working may also be causing an eye disease called 
retrolental fibroplasia, which could leave him blind. 

But the doctors say they have a new drug--a vitamin E solution--that may prevent the 
blindness while providing an essential vitamin as well. Maybe it will be the answer to 
their prayers.  But that was not to be. What started out as a ray of hope for the 
Harrises ended up tragically with the death of their baby. 

The Harrises are a fictitious couple, but the general scenario was real for parents of 38 
premature infants who died after being treated with the vitamin E solution called E-
Ferol. Now, those responsible are serving prison sentences after being found guilty of 
breaking the laws designed to protect the public from such unsafe drugs. 

E-Ferol Aqueous Solution was the brainchild of James B. Madison, executive vice 
president of operations at O'Neal, Jones and Feldman (OJF), a drug distribution firm in 
St. Louis. Madison, with the permission of his boss, Larry K. Hiland, president of OJF, 
asked Ronald Carter of Carter-Glogau Laboratories, a drug manufacturer in Glendale, 
Ariz., to develop the formula. 

Research of the product by Carter-Glogau amounted to no more than determining how 
vitamin E could be dissolved in water. Neither company submitted a new drug approval 
application to FDA, explaining later that they believed their product was a 
nutritional supplement, not a drug. But because the product was labeled for 
treating a disease--retrolental fibroplasia--the solution was legally a drug. 

OJF began distributing E-Ferol Nov. 8, 1983. One month later, the company received the 
first report of adverse reactions. A pharmacist and a physician at Kapiolani Children's 
Medical Center in Honolulu phoned Madison at OJF to report excessive weight gain, 
swollen abdomens, low blood count, blood clotting abnormalities, and other problems in 
two infants given the drug. OJF responded by sending them literature on vitamin E. 

The second report of adverse reactions came from Sacred Heart Medical Center in 
Spokane, Wash., on Jan. 24, 1984. A pharmacist from the center called Madison to see if 
any adverse effects had been seen with E-Ferol. He was told that nothing had been 
reported. The pharmacist said that the hospital had been using the dosage of E-Ferol 
recommended in the package insert and several patients had developed unusual 
symptoms involving kidney function and elevated liver enzymes. 



Two days later, on Jan. 26, a specialist in newborns from Sacred Heart called Madison to 
report that three babies given E-Ferol had died and one was very ill. The physician said 
that the surviving infant had high levels of vitamin E in its blood. He questioned the 
safety of polysorbates--ingredients in the E-Ferol preparation--and suggested, in light of 
the deaths, that the company stop distributing the product, which it did, for a time at least. 

On Feb. 1, a pharmacist from the University of Tennessee Hospital in Knoxville called 
Madison with concerns about the drug. Madison asked if they were having any problems 
with E-Ferol, and the pharmacist in turn asked if they should be looking for something. 
Madison told her that nothing in particular had been reported. 

Two days later, the pharmacist at Sacred Heart called Madison for more information on 
E-Ferol, explaining that the drug was the only common factor in the three infant 
deaths and the sick baby. Madison then suggested, for the first time, that Sacred Heart 
had used too high a dose of the product, even though it was the dosage recommended in 
the labeling. 

OJF resumed distributing E-Ferol on Feb. 6, 1984. This was just 11 days after the report 
of the deaths. 

On March 26, the University of Tennessee pharmacist called to report that four babies 
given E-Ferol had died, presumably from liver failure. Madison still insisted that E-
Ferol was safe and promised to send the pharmacist information on the polysorbates used 
in the drug. 

Even though at this point OJF knew of eight deaths (the fourth baby at Sacred 
Heart had also died) possibly caused by E-Ferol, it continued to distribute the drug 
until April 6, 1984, when an FDA investigator who inspected the firm that day asked the 
company to stop. 

FDA had become involved in the case in April 1984 when the federal Centers for Disease 
Control notified the agency of reports it had received from two hospitals of clusters of 
unusual abnormalities in premature infants in neonatal intensive care units. 

The agency had known of the product's existence since November 1983, when health 
professionals questioned whether it was an approved drug. But lacking information 
regarding the hazards of this unapproved new drug, the agency had not then taken action 
to remove it from the market. 

Once FDA was alerted to the possibility of adverse reactions associated with the drug, 
however, it began an investigation immediately. 

During the April 6 inspection of the firm, the investigator learned that OJF had known of 
infant deaths since January. The firm agreed to recall all its E-Ferol and, over the next 
several days, telephoned all of its accounts. FDA issued a press release concerning E-



Ferol and sent recall letters to about 6,600 hospitals and notification letters to about 
25,000 pediatricians. 

By April 23, 1984, FDA had completed recall audits of all the wholesale distributors and 
the 159 hospitals that had received E-Ferol, ensuring that all of the product was off the 
market, as it remains today. But by that time, the infant death toll attributable to E-
Ferol had reached 38. 

And the story didn't end there. 

On July 9, 1987, a federal grand jury in St. Louis indicated the firms of O'Neal, Jones and 
Feldman and Carter-Glogau, along with Madison, Hiland and Carter, for continuing to 
market E-Ferol without FDA approval. 

On Sept. 30, 1988, after a seven-week trial, a jury returned guilty verdicts against 
Carter-Glogau, Ronald M. Carter, Sr., and Larry K. Hiland for distributing an 
unapproved and misbranded drug with the intent to defraud and mislead, and for 
participating in a conspiracy to market the drug without testing and without FDA 
approval. Hiland, the former president of OJF, was also found guilty of mail fraud 
in connection with the promotion of E-Ferol. sentence in a federal prison. He was 
also given the option of paying a $130,000 fine or contributing $65,000 to research on 
childhood diseases. Carter received the same sentence as Hiland, and his company, which 
has since been sold, was fined $130,000 and ordered to pay an additional $100,000 in 
court costs. Both Carter and Hiland are appealing the conviction. 

Before the trial, Madison pleaded guilty--thereby giving up his right to appeal--to two 
counts of wire fraud and one count of misbranding. He is currently serving a six-month 
suspended sentence in a work-release program that allows him to work for a food bank 
during the day and report back to prison each evening and on weekends. He was fined 
$12,000 but, like Carter and Hiland, has the option instead of paying $10,000 towards 
research on childhood diseases. 

OJF had also offered a guilty plea before the trial, which the court accepted. The firm was 
fined $115,000 and ordered to pay an additional $125,000 in court costs. 

As a result of the E-Ferol tragedy, FDA has changed its policies regarding adverse 
reaction reporting and its review of drugs similar to those marketed before 1962. (For 
more information about the new regulations, see "Action on Unapproved Drugs" in the 
Updates section of the December 1984--January 1985 FDA Consumer and "Drug 
Reaction Reporting" in the June 1985 issue.). 

5.5.4    Infants Who Were Given E-Ferol Injections Certified as National Class 
Case ID 3473. 6/15/2004 
The class has been certified in an action filed against O'Neal, Jones & Feldman 
Pharmaceuticals, and Carter-Glogau Laboratories on behalf of all persons who received 



injections of E-Ferol, a vitamin E supplement later to be found toxic. Persons eligible to 
take part in the action should contact the attorneys for the class for more information.  

Victoria Klein of Wichita Falls was just a baby when she was given 16 injections of E-
Ferol 20 years ago. On May 11, 2004, Klein and Ashley Swadley, a Dallas newborn two 
decades ago, moved forward in their attempts to bring the Maryland Heights, Missouri, 
E-Ferol creator, O'Neal, and the manufacturer, Carter-Glogau, of Glendale, Arizona, to 
justice. 

The certification ruling requires hospitals to turn over medical records of anyone who 
was given the supplement. It was given nationwide to premature babies between 
November 1983 and April 1984, when a voluntary recall pulled the supplement from 
hospitals. Research has shown infants who received E-Ferol injections are 
at an increased lifetime risk for reproductive problems, cervical and 
vaginal cancer, and other health problems. The drug was never FDA approved, 
but the companies sold E-Ferol to hospitals anyway, allegedly saying that it didn't need 
approval because it was a supplement.  

Klein was born in Wichita Falls, Texas, and later transferred to W.I. Cook and Fort 
Worth Children's Hospitals, now Cook Children's Medical Center, where she was given 
doses of the supplement. Swadley had six injections at Baylor University Medical Center 
in February 1984. The timing of the case is important, according to state codes, because 
Texas hospitals can destroy medical records when a patient reaches age 21 and was 
younger than 18 years of age when last treated. About 150 lawsuits against the 
corporation have already been filed in eight states.  

In 1989, several O'Neal executives were convicted of conspiracy to defraud, selling 
unapproved drugs and misbranding drugs. They were each sentenced to six months in 
prison and three years probation. "If these defendants were street drug dealers who had 
sold contaminated crack cocaine to willing consumers - causing the same injuries - they 
would still be serving time in federal penitentiaries," plaintiff attorney Art Brender wrote 
in a response to a motion by the defendants' attorney in December. "The E-Ferol 
scandal is one of the most shocking examples of corporate crime in 
American history.” 

5.5.5   Vitamin E (E-ferol) increased mortality in exposed infants 

Center for Drug Evaluation and Research, Food and Drug Administration, 
Rockville, Maryland.  In April 1984, the US FDA was notified of an unusual clinical 
syndrome consisting of ascites, liver and renal failure, thrombocytopenia, and death 
among low birth weight infants exposed to an intravenous vitamin E preparation, E-Ferol. 
The product, which had not been tested for safety prior to marketing, was voluntarily 
withdrawn from the market in early April. To further investigate the reported 
associations, the FDA conducted a retrospective cohort study among seven neonatal 
intensive care units where the product had been used. Standardized abstraction forms 
were completed for infants admitted to a unit between Nov 1, 1983, and April 30, 1984. 



Included in the study were 379 infants weighing 2,000 g or less and surviving at least two 
days; 148 (39%) had been exposed to E-Ferol. Compared with the unexposed infants, the 
exposed infants were more likely to die and to have ascites, hepatomegaly, 
thrombocytopenia, and a combination of clinical events similar to the syndrome initially 
reported. We conclude that the use of E-Ferol in these neonatal intensive 
care units was associated with increased morbidity and mortality 
among exposed infants (Morbidity and mortality among low birth weight infants 
exposed to an intravenous vitamin E product, E-Ferol. JB Arrowsmith et al. Pediatrics. 
1989 Feb;83(2):244-9). 

5.5.6   Unusual syndrome among premature infants: association with a new 
intravenous vitamin E product 

Eight small, premature infants developed an unusual symptom complex of 
pulmonary deterioration, thrombocytopenia, liver failure, ascites, and renal failure. 
Five infants died; the health of the other three infants improved and they were 
discharged from the hospital. This unusual syndrome occurred after introduction of 
a new intravenous vitamin E product (E-Ferol, alpha-tocopherol acetate) for routine 
use in the intensive care nursery. Even though no definite conclusion was reached as to 
its cause, the administration of this intravenous vitamin E product appears to be a 
significant risk factor (Unusual syndrome among premature infants: association with a 
new intravenous vitamin E product. V. Lorch et al. Pediatrics. 1985 Mar;75(3):598-602). 

5.6.0   Vitamin fatalities in 2003 

Frequency:  

• In the US: Data from the 2003 American Association of Poison Control 
Centers' Toxic Exposure Surveillance System document the total number of 
exposures for each class of vitamins, the number of patients with major adverse 
outcomes, and the number of fatalities from that ingestion, as follows: 

o Adult multiple vitamins without iron or fluoride - 2760 total exposures, 9 
major outcomes, and 0 deaths 

o Adult multiple vitamins with iron but without fluoride - 7080 total 
exposures, 9 major outcomes, and 1 death  

o Pediatric multiple vitamins without iron or fluoride - 9996 total exposures, 
2 major outcomes, and 0 deaths  

o Pediatric multiple vitamins with iron but without fluoride - 18,172 total 
exposures, 1 major outcome, and 0 deaths  

o Vitamin A - 707 total exposures, 2 major outcomes, and 0 deaths  

o Niacin - 2646 total exposures, 5 major outcomes, and 0 deaths  



o Pyridoxine - 383 total exposures, 5 major outcomes, and 1 death  

o Other B complex vitamins - 2625 total exposures, 16 major outcomes, and 
0 deaths  

o Vitamin C - 2390 total exposures, 3 major outcomes, and 1 death  

o Vitamin D - 326 total exposures, 2 major outcomes, and 0 deaths  

o Vitamin E - 1816 total exposures, 1 major outcome, and 0 deaths 

 

• Overall, 57,801 exposures to different types of vitamins were reported to the 
poison control centers across the US in 2003, accounting for 63 major adverse 
outcomes and 4 deaths. Of the total exposures, 45,352 exposures occurred in 
children younger than age 6 years.  

Mortality/Morbidity: Morbidity and mortality from pure vitamins are rare. One study of 
acute or chronic overdoses, with more than 50,000 exposures, reported 4 deaths and 
63 major adverse outcomes. 

According to eMedicine, more than 100 million Americans regularly use vitamins. In the 
US, consumer spending on vitamins and minerals has doubled in the last 6 years, 
reaching $6.5 billion annually. Iron-containing vitamins are the most toxic, especially in 
pediatric acute ingestions. Fat-soluble vitamins are more dangerous in acute ingestions. 

5.7.0   Bronchopulmonary dysplasia-oxidative stress and antioxidants.  

There is increasing evidence that oxidative stress is implicated in the development of 
bronchopulmonary dysplasia. Several important factors contribute to augmented 
oxidative stress in the newborn and especially the preterm infant: first, because of its 
immaturity, the lung of preterm infants is frequently exposed to oxygen therapy and 
hyperoxia. Second, the antioxidant defense and its ability to be induced during an 
hyperoxic challenge are impaired. Third, the preterm infant has an increased 
susceptibility to infection and inflammation, which increases oxidative stress. Fourth, 
free iron, which catalyzes the production of toxic reactive oxygen species, can be 
detected in preterm infants. The molecular and cellular mechanisms for free radical-
induced injury are now understood in more detail, and it is clear that oxidative 
stress plays an important role in triggering apoptosis, in serving as 
second messenger and in signal transduction. This new insight might lead to 
novel and efficient therapies. So far, there has been no significant breakthrough 
regarding antioxidant therapies. Care should, however, be exercised in 
supplementing the preterm infant with antioxidants since this may 
affect growth and development (Bronchopulmonary dysplasia-oxidative stress 
and antioxidants. O.D. Saugstad. Semin Neonatol. 2003 Feb;8(1):39-49).  Importantly, 



this article points out the dangers of antioxidants and acknowledges the lack of 
proof of causality of EMODs in these diseases of prematurity. 

5.7.1   No advances in 2001 for antioxidant therapy in treating 'Oxygen radical 
disease of neonatology  

An increasing number of articles related to free radicals in the newborn period is 
published. The hypothesis that there exists a socalled 'Oxygen radical disease of 
neonatology' has not been proven but an increasing body of evidence seems to indicate 
that free radicals are involved in several disease processes leading to conditions such as 
chronic lung disease, retinopathy of prematurity, necrotizing enterocolitis and 
periventricular leukomalacia. There are also accumulating data implying the involvement 
of reactive oxygen species and oxidative stress in signal transduction and they therefore 
perhaps affect growth and development. In the last year there have been no new 
breakthroughs in antioxidant therapy (Update on oxygen radical disease in neonatology. 
O.D. Saugstad. Curr Opin Obstet Gynecol. 2001 Apr;13(2):147-53).  As of 2001, there 
were no advances for antioxidant therapy in treating 'Oxygen radical disease of 
neonatology.' 

5.7.2   Free radicals and diseases in premature infants 

Free radicals have been implicated in the pathogenesis of a wide spectrum of human 
diseases. Premature infants are probably developmentally unprepared for extrauterine life 
in an oxygen-rich environment and exhibit a unique sensitivity to oxidant injury. 
Diseases associated with premature infants, including bronchopulmonary dysplasia, 
periventricular leukomalacia, intraventricular hemorrhage, retinopathy of 
prematurity, and necrotizing enterocolitis, have been linked to free radical-
mediated cell and tissue injury. With the advent of therapies designed to combat the 
injurious effects of free radicals, the role of these highly reactive chemical molecules in 
the pathogenesis of neonatal diseases needs to be fully determined (Free radicals and 
diseases in premature infants. D.J. O’Donovan and C.J. Fernandes. Antioxid Redox 
Signal. 2004 Feb;6(1):169-76).  I emphasize that no proof of causality exists for 
EMODs in these diseases and antioxidant therapy does not correct or prevent the 
occurrence of these diseases. 

5.7.3   Superoxide dismutase for preventing chronic lung disease in mechanically 
ventilated preterm infants 

Free oxygen radicals have been implicated in the pathogenesis of chronic lung disease in 
preterm infants. Superoxide dismutase is a naturally occurring enzyme which provides a 
defence against such oxidant injury. (RMH Note:  SOD is a prooxidant in that it 
generates hydrogen peroxide.)Exogenously administered superoxide dismutase has 
been tested in clinical trials to prevent chronic lung disease in preterm infants. 
OBJECTIVES: To determine if exogenously administered superoxide dismutase is 
efficacious in the prevention of chronic lung disease in preterm infants who are 
mechanically ventilated, and efficacious in decreasing the following outcomes: 



bronchopulmonary dysplasia, intraventricular hemorrhage, periventricular leukomalacia, 
retinopathy of prematurity, necrotizing enterocolitis, patent ductus arteriosus and 
mortality. To determine the frequency and nature of adverse effects of superoxide 
dismutase. SEARCH STRATEGY: We searched Medline (1966 - 2000) and the 
Cochrane Controlled Trials Register (CCTR) using the following keywords: 
[bronchopulmonary dysplasia OR chronic lung disease] AND superoxide dismutase, 
limited to human studies in newborn infants (infant, newborn). We hand searched the 
reference lists of articles located and the abstracts of the Society for Pediatric Research 
(USA) (published in Pediatric Research) from 1980 - 2000. SELECTION CRITERIA: 
Randomized controlled trials where subjects were preterm infants who had developed or 
were at risk of developing respiratory distress syndrome requiring assisted ventilation and 
who were randomly allocated to receive either superoxide dismutase (in any form, by any 
route) or placebo or no treatment. We included studies which reported any of the 
following outcomes: chronic lung disease, bronchopulmonary dysplasia, any 
intraventricular hemorrhage, intraventricular hemorrhage grades III/IV, patent ductus 
arteriosus, periventricular leukomalacia, retinopathy of prematurity, necrotizing 
enterocolitis, neonatal mortality, death prior to discharge and neurodevelopmental 
outcome. DATA COLLECTION AND ANALYSIS: We extracted and assessed 
separately all data for each study and entered final data into RevMan. We did not perform 
subgroup analyses (which were originally planned) because only two studies were 
eligible for inclusion. We assessed the methodological quality of the studies by assessing 
the risk for bias. We pooled the outcomes of infants who had developed 
bronchopulmonary dysplasia at 28 days with those who had died at 28 days to derive the 
combined outcome of bronchopulmonary dysplasia or death at 28 days. Similarly we 
pooled the outcomes of infants who had respiratory problems after discharge with those 
who had died prior to discharge to derive the combined outcome of respiratory problems 
after discharge or death. We used the standard method of the Cochrane Neonatal Review 
Group for statistical analysis, using a fixed effect model. MAIN RESULTS: Two 
randomized controlled trials were included for analysis. No differences were 
found in either study or in the pooled data in death prior to discharge, 
oxygen dependency at 36 weeks corrected age, oxygen dependency at 28 
days of life or in other outcomes. In one study (Rosenfeld 1984), survivors who 
had been treated with superoxide dismutase had a shorter duration of continuous 
positive airway pressure (4.9 vs 9.7 days), a lower frequency of respiratory problems 
after discharge (relative risk 0.33, 95% confidence limits 0.11, 0.96) and a lower 
frequency of chest radiograph abnormalities (relative risk 0.30, 95% confidence 
limits 0.11, 0.87) compared to survivors who received placebo. A third study was 
available only in abstract form and will be evaluated for inclusion after publication. 
REVIEWER'S CONCLUSIONS: Based on currently available published trials, there is 
insufficient evidence to draw firm conclusions about the efficacy of superoxide dismutase 
in preventing chronic lung disease of prematurity. Data from a small number of treated 
infants suggest that it is well tolerated and has no serious adverse effects (Superoxide 
dismutase for preventing chronic lung disease in mechanically ventilated preterm infants. 
GK Suresh, JM Davis and RF Soll. Cochrane Database Syst Rev. 2001;(1):CD001968).  I 
believe that this study shows that SOD, which generates hydrogen peroxide, is safe, 
well tolerated and causes not serious adverse effects.   



5.7.4   Role of oxidative stress as physiopathologic factor in the preterm infant in 
2005 

Oxidative stress usually occurs when the production of damaging free radicals (ROS) and 
other oxidative molecules exceeds the capacity of the body's antioxidant defenses. This 
process is supposed to begin after the delivery, but it can even affect the fetus when 
maternal pregnancy diseases (i.e.: pre-eclampsia, eclampsia, maternal infections) occur 
and in the case of preterm delivery. Most living organisms have developed well 
integrated antioxidant defenses to prevent the potential negative role of the ROS, in order 
to scavenge them and to control their concentration. These mechanisms are deficient in 
preterm newborn. Many illnesses in preterm infants, including bronchopulmonary 
dysplasia (BPD), retinopathy of prematurity (ROP), brain injury such as 
hypoxic/ischemic encephalopathy, and intraventricular hemorrhage (IVH) are thought to 
be related to the action of ROS. This presumably occurs due to the fact that the 
antioxidant system of preterm infants is at the same time highly stressed and 
incompletely developed. Unfortunately, the clinical trials which tried to prevent oxidative 
stress using antioxidant agents failed their objective and therefore they 
cannot be considered as an effective therapy. The objective of this review is to 
clarify the role of oxidative stress in the development of the previous severe diseases in 
preterm infants, and its possible correlation with hyperbilirubemia (Role of oxidative 
stress as physiopathologic factor in the preterm infant. C. Dani, A. Cecchi and G. Bertini. 
Minerva Pediatr. 2004 Aug;56(4):381-94 ).  I believe that it is important to point out 
the fact that all fetuses have low antioxidant levels in this critical developmental 
time and most are born without diseases, even though EMOD production is 
relatively high.  This, alone, disproves the “oxidative diseases of prematurity.” 

Genetic manipulations of antioxidant enzymes such as knockout and transgenic 
mice models have also had disappointing results. The various clinical and 
investigational antioxidant therapies in animals and humans have been explored 
and have failed to prevent or cure any of these diseases, in the absence of vitamin 
deficiencies. 

5.7.5   Vitamin C and E Supplements Do Not Prevent Pre-Eclampsia 

Vitamin C and E supplements during pregnancy in normal-risk nulliparous women 
did not reduce their risk of pre-eclampsia, or the risk of low birthweight or death in 
their infants, according to a study in North Adelaide, Australia.  The negative findings, 
published in the April 27, 2006 issue of the New England Journal of Medicine, 
represented the second major report in a month to find no apparent benefit for the 
supplements in preventing pre-eclampsia.  

In the Australian multicenter placebo-controlled study of 1,877 women, between 14 and 
22 weeks of gestation, 935 were randomized to supplementation with vitamin C (1,000 
mg) and vitamin E (400 IU), while 942 received placebos.  



The risk of pre-eclampsia was similar in both the vitamin and placebo groups (6.0% 
and 5.0%, respectively; [relative risk, 1.20; 95% CI, 0.82 to 1.75]), according to Caroline 
Crowther, M.D., of the University of Adelaide here, and colleagues.  Furthermore, there 
were no significant differences between the groups for death or serious outcomes 
among the infants (9.5% and 12.1%, [relative risk, 0.79; 95% CI, 0.61 to 1.02]).  

The same lack of significant difference held for the risk of an infant's birth weight being 
below the 10th percentile for gestational age (8.7% and 9.9% [RR, 0.87; 95% CI, 0.66 to 
1.16]).  These results followed closely similar findings reported in the March 30, 2006 
issue of The Lancet by researchers at Kings College London. In that randomized study 
of high-risk women not only did these vitamins fail to reduce the pre-eclampsia risk, 
but the rate of low-birth-weight babies was higher and the rate for 
gestational hypertension was higher for women in the vitamin group.  

The Australian study ran from December 2001 to January 2005, with definitions for pre-
eclampsia and other risks set by the Australian and New Zealand Neonatal Network.  

At the start, maternal baseline characteristics between the two groups were similar, 
including median dietary intake of vitamins C and E, with no significant difference in 
estimated adherence between the two groups.  Among other findings, the researchers 
reported that compared with the placebo infants, significantly fewer of those in the 
vitamin group had respiratory distress syndrome (0.2% vs. 1.3%, [RR, 0.17, 95% CI 
0.04 to 0.75]), and fewer required surfactant.  However, there were no significant 
differences between the two groups of infants in the need for mechanical ventilation 
or the risk of other adverse outcomes, including measures of growth.  

Although the vitamins were not associated with any primary benefits for the infants, 
supplements were associated with a reduced risk of respiratory distress syndrome.  

To explain this, the researchers suggested that maternal supplementation with antioxidant 
vitamins may increase the antioxidant status of at-risk infants, reducing the risk of 
diseases associated with oxidative stress, independent of any effects on pre-eclampsia and 
iatrogenic pre-term birth. Still, they noted, these reductions may have been due to 
chance.  

On the other hand, there was a downside for the women taking vitamins. 
Women in the vitamin group had an increased risk of being hospitalized antenatally 
for hypertension and having to take antihypertensive medication. In addition, a 
subgroup of women in the vitamin group had a higher frequency of abnormal liver-
function tests, although tests were done only on women with clinical indications.  

The majority of the women in this study had a baseline dietary intake of the vitamins 
above the recommended daily amounts. Thus, Dr. Crowder said, these results cannot be 
generalized to women with low dietary intakes. On-going trials are assessing the possible 
benefits for such women as well as for other groups, including those at increased risk for 
pre-eclampsia and diabetes.  



Summing up, Dr Crowder's team wrote, "Our results do not support routine 
supplementation with vitamins C and E during pregnancy to prevent pre-eclampsia 
or other adverse perinatal outcomes in nulliparous women."  

In a related editorial in the NEJM, Arum Reabilan, M.D., and Steve Caritas, M.D., of the 
University of Pittsburgh, wrote that recently published trials have focused on the use of 
antioxidants among women at high-risk for pre-eclampsia. In the study reported here, 
they wrote, the nulliparous women had no medical or obstetrical complications at the 
outset.  In addition to the finding of no significant differences between the placebo and 
vitamin groups, they noted that the secondary outcomes, both positive and negative, were 
significant.  

Although vitamin therapy reduced the risk of respiratory distress syndrome in the 
infants, the downside of the therapy for the women was an increased risk of 
hospitalization for hypertension and the use of anti-hypertensive medication. In 
addition, a change in liver function tests occurred in some of the women.  

All told, they said, the trial left open the possibility of harmful effects from 
supplementation. Certain adverse outcomes were more common in the antioxidant 
group, although the findings could be explained by chance alone.  

Still, because some of the adverse outcomes in this study, such as the mothers' 
hypertension risk, were similar to those found for high-risk women in the recently 
reported Kings College London study, the findings in this study, they said, are "cause for 
concern."  

"Until more data are available, given the scant evidence of benefit and the potential 
for harm, supplemental antioxidant therapy for the prevention of pre-eclampsia 
should be limited to women enrolled in randomized trials and should not be 
prescribed as part of routine practice.” (Alice R. Rumbold, et al., "Vitamins C and E 
and the Risks of Preeclampsia and Perinatal Complications." New England Journal of 
Medicine 2006; 354: 1796-1806) (Arum Reabilan and Steve N Caritas, "Antioxidants and 
the Prevention of Preeclampsia-Unresolved Issues," New England Journal of Medicine 
2006; 354: 1841-1843).  Once again, we see the failure of antioxidant vitamins to 
meet their expectations or predictions. 

5.8.0   Erroneous conclusions on free radicals in cell biology 

In aerobic cells, free radicals are constantly produced mostly as reactive oxygen species. 
Once produced, free radicals are removed by antioxidant defenses including enzyme 
catalase, glutathione peroxidase, and superoxide dismutase. Reactive oxygen species, 
including nitric oxide and related species, commonly exert a series of useful 
physiological effects. However, imbalance between prooxidant and antioxidant defenses 
in favor of prooxidants results in oxidative stress associated with the oxidative 
modification of biomolecules such as lipids, proteins, and nucleic acids. Alone or in 
combination with primary ethiological factors, free radicals are involved in a 

http://content.nejm.org/cgi/content/abstract/354/17/1796
http://content.nejm.org/cgi/content/abstract/354/17/1796
http://content.nejm.org/cgi/content/extract/354/17/1841
http://content.nejm.org/cgi/content/extract/354/17/1841


pathogenesis of more than a hundred diseases (Free radicals in cell biology. VB 
Djordjevic. Int Rev Cytol. 2004;237:57-89).  I believe that papers such as this 
perpetuate the falsified free radical theory. 

5.8.1   Review:  Free radicals, metals and antioxidants in oxidative stress-induced 
cancer 

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 induce and maintain the oncogenic phenotype of 
cancer cells, however, ROS can also induce cellular senescence and 
apoptosis and can therefore function as anti-tumourigenic 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 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 tumours, 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). There is nothing new 
in this review. 

 

 



5.8.2   Free radicals and antioxidants in normal physiological functions and human 
disease 

Reactive oxygen species (ROS) and reactive nitrogen species (RNS, e.g. nitric oxide, 
NO(*)) are well recognised for playing a dual role as both deleterious and beneficial 
species. ROS and RNS are normally generated by tightly regulated enzymes, such as NO 
synthase (NOS) and NAD(P)H oxidase isoforms, respectively. Overproduction of 
ROS (arising either from mitochondrial electron-transport chain or 
excessive stimulation of NAD(P)H) results in oxidative stress, a deleterious 
process that can be an important mediator of damage to cell structures, including lipids 
and membranes, proteins, and DNA. In contrast, beneficial effects of ROS/RNS (e.g. 
superoxide radical and nitric oxide) occur at low/moderate concentrations and involve 
physiological roles in cellular responses to noxia, as for example in defence against 
infectious agents, in the function of a number of cellular signalling pathways, and the 
induction of a mitogenic response. 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 clearly 
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-tumourigenic species. This 
review will describe the: (i) chemistry and biochemistry of ROS/RNS and sources of free 
radical generation; (ii) damage to DNA, to proteins, and to lipids by free radicals; (iii) 
role of antioxidants (e.g. glutathione) in the maintenance of cellular "redox homeostasis"; 
(iv) overview of ROS-induced signaling pathways; (v) role of ROS in redox regulation of 
normal physiological functions, as well as (vi) role of ROS in pathophysiological 
implications of altered redox regulation (human diseases and ageing). Attention is 
focussed on the ROS/RNS-linked pathogenesis of cancer, cardiovascular disease, 
atherosclerosis, hypertension, ischemia/reperfusion injury, diabetes mellitus, 
neurodegenerative diseases (Alzheimer's disease and Parkinson's disease), 
rheumatoid arthritis, and ageing. Topics of current debate are also reviewed such as 
the question whether excessive formation of free radicals is a primary 
cause or a downstream consequence of tissue injury (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).   

5.9.0   EMODs and cancer 

Clinical studies mapping the effect of preventive antioxidants have shown 
surprisingly little or no effect on cancer incidence. The epidemiological trials 
together with in vitro experiments suggest that the optimal approach is to reduce 
endogenous and exogenous sources of oxidative stress, rather than increase intake of 
anti-oxidants (Role of oxygen radicals in DNA damage and cancer incidence. M Valko 
et al. Mol Cell Biochem. 2004 Nov;266(1-2):37-56). This because the free radical 
theory is wrong. 



5.9.1   Proposal of EMOD carcinogenicity 

A major development of carcinogenesis research in the past 20 years has been the 
discovery of significant levels of DNA damage arising from endogenous cellular sources. 
Dramatic improvements in analytical chemistry have provided sensitive and specific 
methodology for identification and quantitation of DNA adducts. Application of these 
techniques to the analysis of nuclear DNA from human tissues has debunked the notion 
that the human genome is pristine in the absence of exposure to environmental 
carcinogens. Much endogenous DNA damage arises from intermediates of oxygen 
reduction that either attack the bases or the deoxyribosyl backbone of DNA. 
Alternatively, oxygen radicals can attack other cellular components such as lipids to 
generate reactive intermediates that couple to DNA bases. Endogenous DNA lesions are 
genotoxic and induce mutations that are commonly observed in mutated oncogenes and 
tumor suppressor genes. Their mutagenicity is mitigated by repair via base excision and 
nucleotide excision pathways. The levels of oxidative DNA damage reported in many 
human tissues or in animal models of carcinogenesis exceed the levels of lesions induced 
by exposure to exogenous carcinogenic compounds. Thus, it seems likely that oxidative 
DNA damage is important in the etiology of many human cancers. This review highlights 
some of the major accomplishments in the study of oxidative DNA damage and its role in 
carcinogenesis (Oxyradicals and DNA damage. L.J. Marnett. Carcinogenesis. 2000 
Mar;21(3):361-70). 

Endogenous DNA damage induced by lipid peroxidation is believed to play a critical role 
in carcinogenesis. Lipid peroxidation generates free radical intermediates (primarily 
peroxyl radicals, ROO(*)) and electrophilic aldehydes as the principal 
genotoxicants. 

6.0.0   Oysters and EMODs 

(Study Finds Oysters Can Take Heat and Heavy Metals, But Not Both. 12/13/06 
University of North Carolina at Charlotte press release) 

“We found that if you measure production of reactive oxygen species in the presence of 
cadmium, it is strongly increased,” Sokolova said. “Normally, the amount of oxygen that 
slips towards producing reactive oxygen is something like five percent in mollusks. 
When cadmium is present, then it is 30 percent,” she noted.  

“In the presence of cadmium, mitochondria use nearly 30 percent of the oxygen that 
they (oysters) consume to produce reactive oxygen species instead of using it for 
ATP synthesis.” 

6.1.0   Vitamin C 

6.1.1   Levine’s high-dose vitamin C cures some cancers 

http://www.newswise.com/institutions/view/?id=1366


More amazing: Dr. Levine and NIH colleagues personally documented three cases of 
advanced cancer in which vitamin C alone shrank tumors, dramatically increasing 
survival: 

• A 49-year-old man diagnosed with terminal bladder cancer in 1996 declined last-
ditch chemotherapy in favor of high-dose vitamin C infusions. Nine years later 
he is alive and cancer-free.  

• A 66-year-old woman with an aggressive lymphoma and a "dismal prognosis" in 
1995, also rejected chemotherapy, but had radiation, and intravenous high-dose 
vitamin C. Ten years later she too is alive.  

• A 51-year-old woman with deadly kidney cancer that had spread to her lungs, 
opted for alternative therapy, including high-dose intravenous vitamin C given 
twice weekly for 10 months. Two months later, scans showed the tumors were 
gone. Her cancer remained in remission for four years. Her kidney cancer never 
returned. A smoker, she died of lung cancer that did not respond to the same 
therapy.  

 
 
So much for Dr. Antioxidant’s theory of vitamin networking. 
 
6.1.2   Ascorbate Reacts with Singlet Oxygen to Produce Hydrogen Peroxide 
 
Singlet oxygen is a highly reactive electrophilic species that reacts rapidly with electron-
rich moieties, such as the double bonds of lipids, thiols, and ascorbate (AscH-). The 
reaction of ascorbate with singlet oxygen is rapid (k = 3 × 108 M-1 s-1). Here they have 
investigated the stoichiometry of this reaction. Using electrodes to make simultaneous, 
real-time measurements of oxygen and hydrogen peroxide concentrations, they have 
investigated the products of this reaction. They have demonstrated that hydrogen 
peroxide is a product of this reaction. The stoichiometry for the reactants of the 
reaction (1 1O2 + 1AscH- → 1H2O2 + 1dehydroacorbic) is 1:1.  
 
The formation of H2O2 results in a very different oxidant that has a longer lifetime 
and much greater diffusion distance. Thus, locally produced singlet oxygen with a 
half-life of 1 ns - 1 µs in a biological setting is changed to an oxidant that has a much 
longer lifetime and thus can diffuse to distant targets to initiate biological oxidations.  
The early observation of this reaction appears to have underestimated the amount of H2O2 
produced.  (Ascorbate Reacts with Singlet Oxygen to Produce Hydrogen Peroxide. 
Galina G. Kramarenko, Stephen G. Hummel, Sean M. Martin, and Garry R. Buettner. 
Photochem Photobiol. 2006; 82(6): 1634–1637).   
 
Singlet oxygen is a highly reactive, electrophilic species that reacts rapidly with electron-
rich moieties, such as the double bonds of lipids, thiols, and ascorbate.  Photofrin® is a 
purified form of hematoporphyrin derivative; it is a photosensitizer used in the treatment 
of cancer. Upon exposure to light it produces singlet oxygen, a highly electrophilic 
species that initiates oxidations that lead to cell death (Redmond RW, Gamlin JN. A 
compilation of singlet oxygen yields from biologically relevant molecules. Photochem. 



Photobiol. 1999;70:391–475) (Dysart JS, Patterson MS. Characterization of Photofrin 
photobleaching for singlet oxygen dose estimation during photodynamic therapy of MLL 
cells in vitro. Phys. Med. Biol. 2005;50:2597–2616).  
 
Singlet oxygen reacts readily with ascorbate, producing hydrogen 
peroxide (Buettner GR, Need MJ. Hydrogen peroxide and hydroxyl free radical 
production by hematoporphyrin derivative, ascorbate and light. Cancer Lett. 
1985;25:297–304).   
 
At pH 7.4, ascorbic acid (AscH2, pKa = 4.2) is present largely as the monoanion 
(>99.9%). This electron-rich species is much more reactive with electrophiles than 
AscH2.   
 
The very fast reaction of ascorbate with singlet oxygen and its high concentration in the 
water space of cells suggests that it could be an important sink for 1O2 in vivo. The 
product of the reaction is H2O2, another oxidant. However, there are several enzyme 
systems that can remove H2O2. This includes catalase, glutathione peroxidase, and the 
peroxiredoxins. Thus, this additional H2O2 can be detoxified, whereas there are no 
enzymes systems that directly act on 1O2 in a beneficial way. That AscH- reacts with 1O2 
to produce H2O2 stoichiometrically will help in understanding the biological 
consequences of generation of singlet oxygen. 
 
Metal-mediated formation of free radicals causes various modifications to DNA bases, 
enhanced lipid peroxidation, and altered calcium and sulfhydryl homeostasis. Lipid 
peroxides, formed by the attack of radicals on polyunsaturated fatty acid residues of 
phospholipids, can further react with redox metals finally producing mutagenic and 
carcinogenic malondialdehyde, 4-hydroxynonenal and other exocyclic DNA adducts 
(etheno and/or propano adducts). Whilst iron (Fe), copper (Cu), chromium (Cr), 
vanadium (V) and cobalt (Co) undergo redox-cycling reactions, for a second group of 
metals, mercury (Hg), cadmium (Cd) and nickel (Ni), the primary route for their toxicity 
is depletion of glutathione and bonding to sulfhydryl groups of proteins. Arsenic (As) is 
thought to bind directly to critical thiols, however, other mechanisms, involving 
formation of hydrogen peroxide under physiological conditions, have been proposed. The 
unifying factor in determining toxicity and carcinogenicity for all these metals is the 
generation of reactive oxygen and nitrogen species. Common mechanisms involving the 
Fenton reaction, generation of the superoxide radical and the hydroxyl radical appear to 
be involved for iron, copper, chromium, vanadium and cobalt primarily associated with 
mitochondria, microsomes and peroxisomes. However, a recent discovery that the 
upper limit of "free pools" of copper is far less than a single atom per cell casts 
serious doubt on the in vivo role of copper in Fenton-like generation of free radicals. 
Nitric oxide (NO) seems to be involved in arsenite-induced DNA damage and pyrimidine 
excision inhibition (Metals, toxicity and oxidative stress. Valko M, Morris H, Cronin 
MT. Curr Med Chem. 2005;12(10):1161-208).  
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6.1.3   EMODs also good  
 
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 clearly 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-tumourigenic species (Free radicals and antioxidants in normal 
physiological functions and human disease. Valko M, Leibfritz D, Moncol J, Cronin MT, 
Mazur M, Telser J. Int J Biochem Cell Biol. 2007;39(1):44-84). 
 
Hydrogen peroxide is only one of the many components that help regulate the amount of 
oxygen getting to your cells. Its presence is vital for many other functions as well. It is 
required for the production of thyroid hormone and sexual hormones. (Mol Cell 
Endocrinol 86;46(2): 149-154) (Steroids 82;40(5):569-579). It stimulates the production 
of interferon (J Immunol 85;134(4):2449-2455). It dilates blood vessels in the heart and 
brain (Am J Physiol 86;250 (5 pt 2): H815-821 and (2 pt 2):H157-162). It improves 
glucose utilization in diabetics (Proceedings of the IBOM Conference 1989, 1990, 1991). 
 
6.1.4   Vitamin C kills cancer cells with hydrogen peroxide 
 
A paper by Mark Levine’s group published in the September 20, 2005 issue of the 
Proceedings of the National Academy of Sciences USA offers more evidence that 
pharmacological concentrations of vitamin C preferentially kill cancer cells. Ten 
human cancer cell lines and four normal cell types were studied. 
Vitamin C at concentrations easily achieved by intravenous 
administration effectively killed cancer cells by apoptosis (programmed 
cell death) and necrosis, but did not harm normal cells. The investigators 
found that cell death was absolutely dependent on the presence of serum 
proteins and the generation of hydrogen peroxide, but the mechanism by 
which vitamin C generates hydrogen peroxide is still obscure. Extracellular, but not 
intracellular, vitamin C was responsible for the cytotoxicity, which was independent of 
metal ions. Metals like iron and copper are involved in reactions that generate free 
radicals capable of damaging cells. Previous studies at the Linus Pauling Institute also 
determined that certain structural characteristics of the vitamin C molecule and its 
derivatives exhibit selective toxicity to cancer cells. Levine previously called for a re-
evaluation of vitamin C as cancer therapy, especially intravenous vitamin C, and his 
paper concluded with the news that a phase I safety trial with intravenous vitamin C in 
humans is under way. 
 
6.1.5   High dose vitamin C 

High doses of vitamin C, given intravenously, can actually halt and shrink tumors 
and bring about remissions and longer survival for people with cancer--even in advanced 
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stages, according to stunning new research by Mark Levine, M.D., and colleagues at 
the National Institutes of Health.    

The NIH researchers have thoroughly documented and published three cases in which 
vitamin C reversed cancer that was considered terminal. Here are the details: 

• A 49-year-old man diagnosed with terminal bladder cancer in 1996 declined 
chemotherapy in favor of high-dose vitamin C infusions. Nine years later he is 
alive and cancer-free.  

• A 66-year-old woman with an aggressive lymphoma and a "dismal prognosis" in 
1995 also rejected chemotherapy, but had radiation, and intravenous high-dose 
vitamin C. She, too, is alive 10 years later.  

• A 51-year-old woman with kidney cancer that had spread to her lungs, opted for 
alternative therapy, including high-dose intravenous vitamin C given  twice 
weekly for 10 months.  Within two months, scans showed the tumors had 
vanished. Her cancer remained in remission for four years. A smoker, she died of 
lung cancer that did not respond to the same therapy.  

Further, NIH's Levine has shown that vitamin C selectively kills cancer cells, leaving 
normal cells unharmed. In his lab tests, high doses of vitamin C rapidly killed 100% of 
lymphoma cells. Vitamin C also was lethal to breast, lung, kidney, colon and ovarian 
cancer cells.   

Researchers at the University of Kansas have also reversed advanced ovarian cancer by  
injecting  60,000 milligrams of vitamin C intravenously twice a week along with 
conventional chemotherapy., keeping two women cancer-free for 3 and a half years.  

 Dr. Levine explains that high concentrations of vitamin C needed to kill cancer cells can 
be achieved only by  high doses administered intravenously, as Linus Pauling insisted. 
Oral doses are excreted too quickly from the body to become lethal to cancer 
cells.  (Padayatty SJ, Canadian Medical Association Journal, 2006 Mar 28:174(7): 937-
942). 

6.1.6   Vitamin C can act as a prooxidant 
 
Vitamin c (ascorbate) acts as a potent watersoluble antioxidant in biological fluids by 
scavenging physiologically relevant reactive oxygen species and reactive nitrogen 
species. These include free radicals such as hydroxyl radicals, aqueous peroxyl radicals, 
superoxide anion, and nitrogen dioxide, as well as nonradical species such as 
hypochlorous acid, ozone, singlet oxygen, nitrosating species (N2O3/N2O4), nitroxide, and 
peroxynitrite. 
 
Yet, experiments using purified DNA or isolated nuclei confirm that in the presence 
of added metal ions, vitamin C acts as a pro-oxidant in vitro. In the absence of added 
metal ions, however, vitamin C inhibits oxidative DNA damage in purified DNA and 



cells, although there are a few exceptions (Does vitamin C act as a pro-oxidant under 
physiological conditions? Anitra Carr and Balz Frei. The FASEB Journal 
Vol. 13 June 1999. pp. 1007-1025). 
 
6.1.7   Vitamin C increases cholesterol oxidation in scorbutic guinea pigs 
 
Ascorbic acid is an important cofactor in the hydroxylation of many substances, 
for example proline, aromatic amino acids, tryptophan and dopamine. It is therefore 
possible that vitamin C stimulates also the hydroxylation reactions of cholesterol, by 
means of which cholesterol is transformed to bile acids in the liver. I believe that 
oxidation of cholesterol is necessary for the conversion to the bile acids for 
excretion.  Thus, cholesterol oxidation is not necessarily a bad thing which precedes 
atherosclerosis but it is a good thing in lowering overall cholesterol levels.  This also 
implicates vitamin C as a prooxidant (Stimulation of [ 26 - 14C]cholesterol oxidation 
by ascorbic acid in scorbutic guinea-pigs. E. Ginter, R. Nemec and P. Bobek. BY. J. Xutv. 
(1972), 28, zog 205-211). 
 
A hepatic accumulation of cholesterol occurs in male guinea-pigs with chronic 
ascorbic acid deficiency. If guinea-pigs are given an atherogenic cholesterol-containing 
diet, chronic hypovitaminosis C causes an increased accumulation of total 
cholesterol in many tissues, including the thoracic aorta (Ginter, E. (~970)B. i5E. 
Prdce 16, no. 6, p. I. Ginter, E., Babala, J. & cerveii, J. (1969). J. Atlzeroscler. Res. 10, 
341).  
 
In experiments with two kinds of labelled cholesterol they have found that the cause of 
an increased cholesterol accumulation in tissues of hypovitaminotic animals was 
retarded catabolism of cholesterol to bile acids. Thus, hypovitaminotic animals dosed 
with [4-14C]cholesterol excreted smaller amounts of faecal l*C-bile acids, and in the bile 
acid fraction of their liver and gall-bladder bile significantly less 14C was found than in 
that of the control group. Oxidation of [~6-~4C]cholestertool l4CO2 was significantly 
decreased in guinea-pigs with chronic ascorbic acid deficiency (Ginter, E., Cerve6, J., 
Nemec, R. & MikuS, L. (1971). Ani. J. din. Nutr. 24, 1238). 
 
Oxidation of the side-chain of cholesterol is implicated in the synthesis of bile acids 
which play the quantitatively most important part in the elimination of 
cholesterol from the body. Results obtained from this study together with their 
demonstration of retarded transformation of [4-14C]cholesterol to bile acids and 
decreased [26-14C]cholesterol oxidation to l4CO, in guinea-pigs with latent chronic 
vitamin C deficiency (Ginter, E., Cerve6, J., Nemec, R. & MikuS, L. (1971). Ani. J. din. 
Nutr. 24, 1238) suggest that ascorbic acid plays an important part in this catabolic 
process.  
 
In this connexion, it is already known that ascorbic acid stimulates 7-
dehydrocholesterol oxidation in vitro (Kandutsch, A. A. (1966). J. Lipid Res. 7, 603) 
and cholesterol transformation to bile acids in liver mitochondria from scorbutic 
guinea-pigs (Guchhait, R., Guha, B. C. & Ganguli, N. C. (1963). l3iochem.J. 86,193).  

http://www.fasebj.org/cgi/reprint/13/9/1007.pdf
http://www.fasebj.org/cgi/reprint/13/9/1007.pdf


 
The hypocholesterolemic effect of ascorbic acid observed by some authors in humans 
(Myasnikova, 1947; Ginter, Kajaba & Nizner, 1970; Spittle, 1971) is probably connected 
with the stimulation of cholesterol oxidation described in this work (Myasnikova, I. A. 
(1947). Trudy Voyennoniorsk. med. akad., Leningrad 8, 140) (Ginter, E., Kajaba, I. & 
Nizner, 0. (1970). Aktr. Metobol. 12, 76) (Spittle, C. R. (1971). Lancet ii, 128). 
 
I believe that this establishes a direct link between prooxidant activity of vitamin C 
and CVD. 
 
However, even under normocholesterolemic conditions, cholesterol oxidation products 
(ChOx) can cause endothelial dysfunction, increased macromolecular permeability, and 
increased cholesterol accumulation, parameters believed to be involved in the 
development of early atherosclerotic lesions.  Allegedly, there is growing evidence that 
cholesterol oxidation products (ChOx) are linked to development of atherosclerosis. 
ChOx are abundant in oxidatively modified LDL (ox-LDL), which is widely regarded as 
proatherogenic (Hodis HN, Kramsch DM, Avogaro P, Bittolo-Bon G, Cazzolato G, 
Hwang J, Peterson H, Sevanian A. Biochemical and cytotoxic characteristics of an in 
vivo circulating oxidized LDL. J Lipid Res. 1994;35:669–677) (Berliner JA, Heinecke 
JW. The role of oxidized lipoproteins in atherogenesis. Free Radic Biol Med. 
1996;20:707–727). 
 
Various health supplement articles indicate that lecithin increases cholesterol oxidation 
into bile salts, thus helping it to be excreted more easily. 
 
6.2.0   High dose vitamin C produces tumoricidal H2O2 

Some of the following material was abstracted, excerpted or modified from:  
Pharmacologic ascorbic acid concentrations selectively kill cancer cells: Action as a pro-
drug to deliver hydrogen peroxide to tissues. Qi Chen, Michael Graham Espey, Murali C. 
Krishna, James B. Mitchell, Christopher P. Corpe Garry R. Buettner, Emily Shacter, and 
Mark Levine. PNAS. September 20, 2005. Vol. 102. No. 38. pp. 13604-13609.  

Human pharmacokinetics data indicate that i.v. ascorbic acid (ascorbate) in 
pharmacologic concentrations could have an unanticipated role in cancer treatment. Their  
goals here were to test whether ascorbate killed cancer cells selectively, and if so, to 
determine mechanisms, using clinically relevant conditions. Cell death in 10 cancer and 4 
normal cell types was measured by using 1-h exposures. Normal cells were unaffected by 
20 mM ascorbate, whereas 5 cancer lines had EC50 values of <4 mM, a concentration 

easily achievable i.v. Human lymphoma cells were studied in detail because of their 
sensitivity to ascorbate (EC50 of 0.5 mM) and suitability for addressing mechanisms. 
Extracellular but not intracellular ascorbate mediated cell death, which occurred by 
apoptosis and pyknosis/necrosis. Cell death was independent of metal chelators and 
absolutely dependent on H2O2 formation. Cell death from H2O2 added to cells 
was identical to that found when H2O2 was generated by ascorbate treatment. H2O2 
generation was dependent on ascorbate concentration, incubation time, and the presence 



of 0.5-10% serum, and displayed a linear relationship with ascorbate radical formation. 
Although ascorbate addition to medium generated H2O2, ascorbate addition to blood 
generated no detectable H2O2 and only trace detectable ascorbate radical. Taken together, 
these data indicate that ascorbate at concentrations achieved only by i.v. 
administration may be a pro-drug for formation of H2O2, and that blood can 
be a delivery system of the pro-drug to tissues. These findings give plausibility to i.v. 
ascorbic acid in cancer treatment, and have unexpected implications for treatment of 
infections where H2O2 may be beneficial. 

Recent clinical evidence, however, indicates that the role of ascorbate in cancer treatment 
should be examined anew (Padayatty, S. J., Sun, H., Wang, Y., Riordan, H. D., Hewitt, S. 
M., Katz, A., Wesley, R. A. & Levine, M. (2004) Ann. Intern. Med. 140, 533-537).  
 
The originally reported observational studies used i.v. and oral ascorbate, but the 
subsequent double-blind placebo-controlled studies used only oral ascorbate. It was not 
recognized that the route of ascorbate administration might produce large differences in 
plasma concentrations. Recent pharmacokinetics studies in men and women show that 10 
g of ascorbate given i.v. is expected to produce plasma concentrations of nearly 6 
mM, which are >25-fold higher than those concentrations from the same oral dose 
(Padayatty, S. J., Sun, H., Wang, Y., Riordan, H. D., Hewitt, S. M., Katz, A., Wesley, R. 
A. & Levine, M. (2004) Ann. Intern. Med. 140, 533-537).  
 

As much as a 70-fold difference in plasma concentrations is expected between oral 
and i.v. administration, depending on dose. Despite inconsistencies, some in vitro 
studies showed that ascorbate killed cancer cells, although mechanisms and physiologic 
relevance were unclear.  
 
6.2.1   High-dose vitamin C selectively killed cancer cells 
 
Complementary and alternative medicine practitioners worldwide currently use ascorbate 

i.v. in some patients, in part because there is no apparent harm. Chen et al. studied 
ascorbate at physiologic (0.1 mM) and pharmacologic (0.3-20 mM) concentrations 
using 1-h incubations to mimic clinical i.v. use. The data showed that pharmacologic 
concentrations of ascorbate killed cancer but not normal cells, that cell 
death was dependent only on extracellular but not intracellular ascorbate, and that killing 
was dependent on extracellular hydrogen peroxide (H2O2) formation 
with ascorbate radical as an intermediate. Ascorbate generated detectable 
levels of H2O2 in extracellular medium in the presence of trace serum protein but not in 
whole blood. The findings indicate that ascorbate at pharmacologic concentrations in 
blood may be a pro-drug for H2O2 delivery to tissues, with major therapeutic 
implications. 
 
Human lymphoma cells (JLP-119) were studied in detail to determine the effects of 
ascorbate on cell death. Lymphoma cells were selected because of their sensitivity to 
ascorbate, the suitability of these cells for nuclear staining to characterize the mode of cell 



death, and the report of a positive clinical response of lymphoma to i.v. ascorbate 
(unpublished work). 
 
The roles of intracellular versus extracellular ascorbate in causing cell death were 
examined, using ascorbate and its oxidized product dehydroascorbic acid. Ascorbate is 
transported into cells as such by sodium-dependent transporters, whereas dehydroascorbic 

acid is transported into cells by glucose transporters and then immediately reduced 
internally to ascorbate (Corpe, C. P., Lee, J. H., Kwon, O., Eck, P., Narayanan, J., Kirk, 
K. L. & Levine, M. (2005) J. Biol. Chem. 280, 5211-5220). 
 
Similar to most cultured cells, lymphoma cells contain no ascorbate unless the vitamin is 
added to the extracellular medium. In contrast, excepting red blood cells, all cells in vivo 
or acutely isolated contain ascorbate, usually in millimolar concentrations. 

6.2.2   Univ. Kansas high-dose vitamin C for ovarian cancer 

Because of poor overall survival in advanced ovarian malignancies, patients often turn to 
alternative therapies despite controversy surrounding their use. Currently, the majority 
of cancer patients combine some form of complementary and alternative medicine 
with conventional therapies. Of these therapies, antioxidants, added to chemotherapy, 
are a frequent choice.  

Methods: For this preliminary report, two patients with advanced epithelial ovarian 
cancer were studied. One patient had Stage IIIC papillary serous adenocarcinoma, and 
the other had Stage IIIC mixed papillary serous and seromucinous adenocarcinoma. Both 
patients were optimally cytoreduced prior to first-line carboplatinum/paclitaxel 
chemotherapy. Patient 2 had a delay in initiation of chemotherapy secondary to co-
morbid conditions and had evidence for progression of disease prior to institution of 
therapy. Patient 1 began oral high-dose antioxidant therapy during her first month of 
therapy. This consisted of oral vitamin C, vitamin E, beta-carotene, coenzyme Q-10 
and a multivitamin/mineral complex. In addition to the oral antioxidant therapy, patient 

1 added parenteral ascorbic acid at a total dose of 60 grams given twice weekly at the 
end of her chemotherapy and prior to consolidation paclitaxel chemotherapy. Patient 2 
added oral antioxidants just prior to beginning chemotherapy, including vitamin C, beta-
carotene, vitamin E, coenzyme Q-10 and a multivitamin/mineral complex. Patient 2 
received six cycles of paclitaxel/carboplatinum chemotherapy and refused consolidation 
chemotherapy despite radiographic evidence of persistent disease. Instead, she elected to 
add intravenous ascorbic acid at 60 grams twice weekly. Both patients gave written 
consent for the use of their records in this report.  

Results: Patient 1 had normalization of her CA-125 after the first cycle of chemotherapy 
and has remained normal, almost 3 years after diagnosis. CT scans of the abdomen 
and pelvis remain without evidence of recurrence. Patient 2 had normalization of her CA-
125 after the first cycle of chemotherapy. After her first round of chemotherapy, the 
patient was noted to have residual disease in the pelvis. She declined further 
chemotherapy and added intravenous ascorbic acid. There is no evidence for recurrent 



disease by physical examination, and her CA-125 has remained normal three years 
after diagnosis.  

Conclusion: Antioxidants, when added adjunctively, to first-line chemotherapy, may 
improve the efficacy of chemotherapy and may prove to be safe. A review of four 
common antioxidants follows. Because of the positive results found in these two patients, 
a randomized controlled trial is now underway at the University of Kansas Medical 
Center evaluating safety and efficacy of antioxidants when added to chemotherapy in 
newly diagnosed ovarian cancer (Jeanne Drisko MD).  

A widely accepted fact is that, among the approximately 4,000 mammals, only four, 
humans, the other primates, the guinea pig and a fruit eating bat are known to have lost, 
through a genetic defect, the ability to synthesize AA, and must get it from exogenous 
supply. 

6.2.3   Caution: vitamin C may block anticancer activity 

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. Vitamin C directly binds to PS-
431, thus inactivating PS-341 independent of its antioxidant activity. Zou et al. 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). This was a 
cell culture in vitro study and has limited applicability. 

6.3.0 Ralph W. Moss, Ph.D. on Albert Szent-Gyorgii MD, PhD 

It is never easy to arrange clinical trials, especially of an agent that has long 
been in the public domain and from whose sale no super-profits can be 
expected. The way the drug approval system works in the United States virtually 
requires the enthusiastic support of sponsors with deep pockets (which almost invariably 
means a pharmaceutical company) in order to see a new drug through the long, involved 
and expensive process of drug approval. No non-toxic, readily available agent has ever 
been approved by the Food and Drug Administration for the treatment of cancer. 
Vitamin C at retail sells for around five cents per gram. The cost of even 100 grams 
prepared for intravenous use is still very inexpensive compared to patented 
chemotherapy. I therefore don't think you will find many drug companies lining up to test 
and market such a readily available agent. And so the question of what vitamin C can do 
for patients—so fascinating and promising—has remained in limbo.  

As some of you know, I wrote the authorized biography of Albert Szent-Gyorgyi, MD, 
PhD, who won the 1937 Nobel Prize for his discovery of vitamin C. In fact, it was he 
who named the vitamin ascorbic acid and first predicted its use in cancer. When Szent-



Gyorgyi was on his deathbed, at the age of 93, Linus Pauling flew from California to 
Szent-Gyorgi's home at Woods Hole, Mass., to say goodbye. Holding his hand, Linus 
said wistfully, "You know, Albert, I always thought that someday we two would work 
together." Szent-Gyorgyi looked up and said, humorously, "Well, if not in this life, then 
maybe in the next." Pauling himself died a few years later, also at age 93. They were two 
of the greatest thinkers of the 20th century. Ralph W. Moss, Ph.D. 8/2/04 
 
6.3.1   SOD did not block tumoricidal activity of H2O2 
 
The H2O2 scavengers were completely protective, identifying H2O2 as the effector species 
mediating pharmacologic ascorbate-induced cell death. The effect of ascorbate was not 
due to chelatable, trace redox-active metals, because the two chelators had no effect on 
preventing death. Superoxide dismutase was not protective (data not 
shown), consistent with its action in producing but not degrading H2O2 
(Fridovich, I. (1995) Annu. Rev. Biochem. 64, 97-112). 

6.3.2   Mediators and Inhibitors of H2O2 Generation.  

H2O2 generated by ascorbate oxidation and exogenously added H2O2 produced cell death 
curves that were indistinguishable. Sensitivity to direct exposure to H2O2 was greater 
in lymphoma cells compared with normal lymphocytes and normal monocytes, 
consistent with the cytotoxicity pattern found above with pharmacologic ascorbate 
exposure. Taken together, these data are consistent with the conclusion that extracellular 
ascorbate induced cell death by formation of H2O2.  

H2O2 concentrations generated by ascorbate were similar with tumor cells, normal 

cells, or in medium without cells, as measured by using an oxygen electrode as above. 
H2O2 generation was dependent on time, ascorbate concentration, and the presence of 
trace amounts of serum in media.  

Based on these data, the most cogent explanation of ascorbate action in forming H2O2 is 
that the first step is ascorbate oxidation to its radical. Chen et al. measured H2O2 
concentration as a function of ascorbate radical concentration and found a linear 
relationship. These data imply that ascorbate radical is a surrogate marker for H2O2 
formation.  

For ascorbate to be useful clinically, it should increase the steady-state concentration of 
H2O2 in the extracellular milieu but not in blood. We predicted that steady-state 
concentrations of H2O2 generated by ascorbate oxidation would be undetectable in blood 
for several reasons. First, if any ascorbate radical is generated in blood, only very low 
concentrations are expected, and such concentrations should be lower than that needed to 

form detectable steady-state concentrations of H2O2. Second, whatever H2O2 is 
generated should be removed by glutathione peroxidase and catalase within red 
blood cells, because H2O2

 is membrane permeable. 

6.3.3   RBCs protect lymphoma from ascorbate-mediated death 



Based on these data, an additional functional experiment was conducted, based on the 
prediction that blood would protect tumor cells from ascorbate-mediated cell death. 
Lymphoma cells were incubated in the presence or absence of red blood cells, with and 
without added ascorbate. Red blood cells completely protected lymphoma cells from 
ascorbate-mediated cell death. Taken together, these data indicate that ascorbate 
cannot generate sustainable H2O2 concentrations in whole blood. The data are 
consistent with the hypothesis that ascorbate in pharmacologic concentrations is a pro-
drug for H2O2 generation in the extracellular milieu but not in blood.  I believe that 
this is due to RBC’s catalase content which breaks down H2O2.   

6.3.4   Ascorbate-mediated cell death due to H2O2 generation 

Chen et al. data show that ascorbic acid selectively killed cancer but not normal 
cells, using concentrations that could only be achieved by i.v. administration and 
conditions that reflect potential clinical use. The effect was due only to extracellular and 
not intracellular ascorbate, consistent with clinical i.v. dosing. Ascorbate-mediated cell 
death was due to protein-dependent extracellular H2O2 generation, via ascorbate 
radical formation from ascorbate as the electron donor. Like glucose, when ascorbate is 
infused i.v., the resulting pharmacologic concentrations should distribute rapidly in the 
extracellular water space. 

The totality of the data are consistent with the interpretation that ascorbic acid 
administered i.v. in pharmacologic concentrations may serve as a pro-drug for H2O2 
delivery to the extracellular milieu, but without H2O2 accumulation in blood. 

6.3.5   Ascorbate administered i.v. is safe 

Ascorbate administered i.v. is likely to be safe in most patients, with virtually no 

toxicity compared to most currently available cancer chemotherapeutic agents. The 
occurrence of one predicted complication, oxalate kidney stones, is controversial (13). In 
patients with glucose-6-phosphate dehydrogenase deficiency, i.v. ascorbate is 
contraindicated because it causes intravascular hemolysis (Levine, M., Rumsey, S. C., 
Daruwala, R. C., Park, J. B. & Wang, Y. (1999) J. Am. Med. Assoc. 281, 1415-1423). 

The mechanism of this previously unexplained observation is now straightforward, based 
on the results here. H2O2 generated in blood is normally removed by catalase and 
glutathione peroxidase within red blood cells, with internal glutathione providing 
reducing equivalents. The electron source for glutathione is NADPH from the pentose 

shunt, via glucose-6-phosphate dehydrogenase. If activity of this enzyme is diminished, 
the predicted outcome is impaired H2O2 removal causing intravascular hemolysis, the 
observed clinical finding. 

Ascorbate as a potential cancer therapeutic agent has a controversial and emotionally 
charged past (Padayatty, S. J. & Levine, M. (2000) J. Am. Coll. Nutr. 19, 423-425) 
(Moertel, C. G., Fleming, T. R., Creagan, E. T., Rubin, J., O'Connell, M. J. & Ames, M. 
M. (1985) N. Engl. J. Med. 312, 137-141).  

http://www.pnas.org/cgi/content/full/102/38/13604


Clinical observational studies reported possible benefit in selected patients, but double-
blind placebo-controlled studies reported no benefit, and ascorbate was discarded as 
a potential therapy by conventional practitioners. Only recently has it been understood 
that the discordant clinical findings can be explained by previously unrecognized 
fundamental pharmacokinetics properties of ascorbate (Padayatty, S. J., Sun, H., Wang, 
Y., Riordan, H. D., Hewitt, S. M., Katz, A., Wesley, R. A. & Levine, M. (2004) Ann. 
Intern. Med. 140, 533-537).  

In vitro effects of ascorbate on death and survival of cell lines have been reported, but 
there are multiple experimental concerns. For example, reports compared an experimental 
condition to that with no ascorbate at all, but such a condition has had unclear physiologic 
relevance, because ascorbate outside and inside cells is always present unless there is 
severe scurvy. It was unclear whether observed effects were due to extracellular or 
intracellular ascorbate, or both. 

6.3.6   Ascorbate at pharmacologic concentrations is a pro-drug for H2O2  

Intravenous ascorbate infusion is expected to drastically change extracellular but not 
intracellular concentrations. For i.v. ascorbate to be clinically useful in killing cancer 
cells, pharmacologic but not physiologic extracellular concentrations should be effective, 
independent of intracellular ascorbate concentrations. This was what was observed by 
Chen et al. The experiments here provide a cohesive explanation for ascorbate action in 
generating H2O2 outside cells, without H2O2 accumulation in blood, leading to the 
conclusion that ascorbate at pharmacologic concentrations in blood is a pro-drug for 
H2O2 delivery to tissues. 

While chelators may marginally affect these metals, they could participate in the 
oxidation of ascorbate when it is at pharmacologic concentrations, with subsequent 
formation of superoxide and H2O2 (Halliwell, B. (1990) Free Radical Res. Commun. 9, 1-
32).  
 
It is also possible that in vivo, cell membranes and their associated proteins could harbor 
metals accessible to extracellular fluid and could react similarly. In either case, 
ascorbate, an electron-donor in such reactions, ironically initiates pro-
oxidant chemistry and H2O2 formation (Buettner, G. R. & Jurkiewicz, B. A. 
(1996) Radiat. Res. 145, 532-541) (Halliwell, B. (1990) Free Radical Res. Commun. 9, 1-
32). 
 
According to Chen et al. it is unknown why ascorbate, via H2O2, killed some 
cancer cells but not normal cells. There was no correlation with ascorbate-induced 

cell death and glutathione, catalase activity, or glutathione peroxidase activity. The data 
here showed that ascorbate initiated H2O2 formation extracellularly, but H2O2 targets 
could be either intracellular or extracellular, because H2O2 is membrane permeant 

(Antunes, F. & Cadenas, E. (2000) FEBS Lett. 475, 121-126). 

 



6.4.0   H2O2 is a potent mammalian antimicrobial defense mechanism 

H2O2, as the product of pharmacologic ascorbate concentrations, has potential therapeutic 
uses in addition to cancer treatment, especially in infections. H2O2 is a potent 
mammalian antimicrobial defense mechanism (Babior, B. M. (2000) Am. J. 
Med. 109, 33-44). Neutrophils generate H2O2 from superoxide, in turn formed by 
NADPH oxidase-catalyzed reduction of molecular oxygen. There may be particular 
therapeutic application in patients with chronic granulomatous disease who have 
diminished superoxide production. Old observational animal experiments, although 

uncontrolled, suggest that i.v. ascorbate is effective in some viral infections (Leveque, 
J. I. (1969) Vet. Med. Small. Anim. Clin. 64, 997-999).  

This finding is also consistent with in vitro experiments, in which H2O2 is toxic to 
hepatitis C (Choi, J., Lee, K. J., Zheng, Y., Yamaga, A. K., Lai, M. M. & Ou, J. H. 
(2004) Hepatology 39, 81-89). Use of ascorbate as an H2O2-delivery system against 
sensitive pathogens, viral or bacterial, has substantial clinical implications that deserve 
rapid exploration.  

To proceed clinically in potential treatment of infectious diseases and cancer, clear safety 
documentation of i.v. ascorbate administration is necessary. More than 100 patients 
have been described, presumably without glucose-6-phosphate dehydrogenase 
deficiency, who received 10 g or more of i.v. ascorbate with no reported adverse 
effects other than tumor lysis (Riordan, H. D., Hunninghake, R. B., Riordan, N. H., 
Jackson, J. J., Meng, X., Taylor, P., Casciari, J. J., Gonzalez, M. J., Miranda-Massari, J. 
R., Mora, E. M., et al. (2003) P. R. Health Sci. J. 22, 287-290) (Cameron, E. & Pauling, 
L. (1978) Proc. Natl. Acad. Sci. USA 75, 4538-4542) (Riordan, N. H., Riordan, H. D., 
Meng, X., Li, Y. & Jackson, J. A. (1995) Med. Hypotheses 44, 207-213).  
 
However, these descriptions lack formal safety documentation. Complementary and 
alternative medicine practitioners worldwide currently use ascorbate i.v. in doses as 
high as 70 g over several hours (Riordan, H. D., Hunninghake, R. B., Riordan, N. H., 
Jackson, J. J., Meng, X., Taylor, P., Casciari, J. J., Gonzalez, M. J., Miranda-Massari, J. 
R., Mora, E. M., et al. (2003) P. R. Health Sci. J. 22, 287-290). Because i.v. ascorbate is 
easily available to people who seek it, a phase I safety trial in patients with advanced 
cancer is justified and underway. 
 
6.4.1   Doxycycline successfully treats some eye lymphomas 

A new study finds that the antibiotic doxycycline can treat a certain type of 
lymphoma that starts in the eye. The discovery could simplify treatment for patients 
and help researchers understand what causes this cancer. The study, by researchers from 
Italy's San Raffaele H Scientific Institute, appears in the Journal of the National Cancer 
Institute. ("Bacteria-Eradicating Therapy with Doxycycline in Ocular Adnexal MALT 
Lymphoma: A Multicenter Prospective Trial." Published in the Oct. 4, 2006, Journal of 
the National Cancer Institute (Vol. 98, No. 19:1375-1382). First author: Andres J. M. 
Ferreri, San Raffaele H Scientific Institute, Milan, Italy). 

http://us.lrd.yahoo.com/_ylt=AoIIhBTUu_Ur90s49JMJDdQqLcsF/SIG=11r9hgfv5/**http%3a/www.cancer.org/docroot/CRI/CRI_2_3x.asp%3fdt=32


Although eye lymphomas aren't common, they can be troubling to patients. The tumors 
are usually small often pea-sized but they can interfere with vision and often need 
treatment with radiation or even chemotherapy. Both kinds of treatment have side 
effects. Radiation can damage the eye and cause vision loss. Chemotherapy is a poor 
alternative because the drugs affect the whole body, even though the problem is a small 
tumor in the eye.  

Eye lymphomas belong to a class called MALT lymphomas. The most common MALT 
lymphoma starts in the stomach. In the past few years scientists have learned that MALT 
lymphomas of the stomach are associated with an infection by a bacterium called 
Helicobacter pylori. It turns out that treating the H. pylori infection with potent 
antibiotic combinations will not only eliminate the H. pylori, but also cause the 
lymphoma to regress. This has made antibiotics the standard treatment for MALT 
lymphomas of the stomach and many patients have been cured without using radiation or 
chemotherapy.  I believe that this is due to the fact that oxycycline is a prooxidant 
and also generates tumoricidal singlet oxygen. 

Eye lymphomas that start in the lids or tissue covering the eye (called conjunctiva) are 
also of the MALT type, leading investigators to suspect bacterial infection as their cause 
as well. They discovered that many eye lymphomas are associated with an infection 
with a bacterium called Chlamydia psittaci.  

Twenty-seven patients with eye lymphoma were enrolled in the study. Fifteen were 
newly diagnosed, while the rest had recurrent disease after treatment with either radiation 
or chemotherapy. They were tested for spread of the lymphoma. Only 3 had any spread, 
and this was to nearby lymph nodes. The patients were also tested for infection with C. 
psittaci. All were given doxycycline pills twice a day for 3 weeks, regardless of whether 
they were infected with the bacterium. There were no side effects from the 
doxycycline, which is a widely used antibiotic, and all participants completed their 
treatment.  

More than half of the patients improved. In 6 patients the lymphoma 
disappeared completely. In another 7, it decreased to less than half of its 
original size, and in another 3 it decreased some, but not as much. Even 
among the patients who had no decrease in their tumors, most did not 
have any growth either.  

Sometimes the response was slow, taking as long as 6 months to begin and up to 36 
months before the shrinking had stopped. Even enlarged lymph nodes got smaller. 
Responses also occurred both in untreated patients and in those who had had been treated 
before with chemotherapy or radiation. The responses were long lasting, too; most of the 
patients whose tumors shrank did not see any regrowth, at least for the average 
follow-up period of 21 months. 

Although some of the patients did not have any infection with C. psittaci detected, this 
did not seem to affect their response. Similar numbers of people with and without the 



infection responded to treatment.  Again, I believe that this argues for the 
participation of doxycycline and tumoricidal singlet oxygen and EMODS. 

The authors say doxycycline appears to be a good alternative to radiation and 
chemotherapy for patients with eye lymphoma. It is safe, effective, and free of any 
serious side effects. However, until more studies are done to examine this therapy, they 
say patients should only get this treatment within a clinical trial. A clinical trial labeled 
IELSG 27 has started to look at the role of antibiotics in treating eye lymphomas and 
testing to see which antibiotics are the most effective. 

 
6.4.2   Head and Neck cancer patients increase recurrence rates 37% with vitamin E 
 
In 2005, the Journal of Clinical Oncology published a study of 540 patients with head 
and neck cancer who were being treated with radiation therapy. The patients took 400 
IUs of vitamin E or a placebo. The supplement reduced side effects by nearly 30 percent. 
But recurrence rates among the vitamin E users were 37 percent higher. 
 
"The psyche of the U.S. population is that a nutraceutical can't be harmful and might be 
helpful, so why not take it?" says Dr. Eric Klein, head of urologic oncology at the 
Cleveland Clinic and a Select investigator. "That thinking is just not correct. The message 
is: Be careful until the data is in." 
 
6.4.3   Harvard study shows high vitamin A increases hip fracture 48% 
 
A 2002 Harvard study of more than 72,000 nurses showed that those who consumed 
high levels of vitamin A from foods, multivitamins and supplements had a 48 
percent higher risk for hip fracture than nurses who had the lowest intake of vitamin 
A. 
 
High intake of vitamin A has also been associated with a higher risk of birth defects. 
 

6.4.4   Cancer patients should avoid vitamin C  

There are also concerns about risks associated with vitamin C. A 1999 analysis in the 
British Medical Journal showed that in three studies, vitamin C didn't lower death rates 
among elderly people, and may actually have increased the risk of dying slightly. In 
2005, the cancer journal CA reported that antioxidant supplements, including vitamin 
C, should be avoided by patients being treated for cancer. Scientists have found that 
cancer cells gobble up vitamin C faster than normal cells, suggesting that any protection 
vitamin C gives might be even greater for tumors than normal cells. In 2001 scientists 
showed that cancer cells may become resistant to chemotherapy drugs after treatment 
with vitamin C. "It's a mistake to think that cancer cells ... don't like nutrients," says 
Gabriella D'Andrea, oncologist with Memorial Sloan-Kettering Cancer Center in New 
York and author of the review. 



In October 2004, Copenhagen researchers reviewed seven randomized trials of beta 
carotene, selenium, and vitamins A, C and E (alone or in combination) in esophageal, 
gastric, colorectal, pancreatic and liver cancer. The antioxidant users had a 6 percent 
higher death rate than placebo users. 
 
Multivitamins do not reduce infection rates or doctor visits for elderly 
 
In August  of 2005, the British Medical Journal looked at multivitamin use among 
elderly people for a year, but found no difference in infection rates or visits to 
doctors. 
 

6.4.5   Calcium did not reduce fracture risk 

A 2005 study in the British Medical Journal didn't show any reduction in fracture risk 
among women who took 1,000 milligrams of calcium with 800 IUs of vitamin D a day. 
But the Women's Health Initiative recently suggested that calcium and vitamin D may 
lower hip-fracture risk in women over 60. Calcium users, however, had a 17 percent 
higher risk for kidney stones. 

"A lot of people are passionate about their vitamins," says Dr. Miller of the National 
Institute on Aging. "I don't know where they get it from, but it's not based on 
scientific evidence." 
 

6.4.6   B vitamins lower homocysteine but not risk for heart attack 

A regimen of B vitamins, including folic acid, vitamin B-12 and vitamin B-6, has been 
touted as a way to improve heart health by lowering homocysteine, an amino acid 
thought to be a risk factor for heart attack. But in 2006, two studies presented to the 
American College of Cardiology showed that while the vitamins do lower 
homocysteine levels, taking them doesn't lower risk for heart attack. 

6.5.0   Diabetes, genetics and Identical Twins 
 
Concordance among monozygotic twins is close to 100%, and 25% of those with the 
disease have a family history of diabetes. It is also often connected to obesity, which is 
found in approximately 85% of (North American) patients diagnosed with that form of 
the disease, so some experts believe that inheriting a tendency toward obesity seems also 
to contribute. Obesity is found in approximately 85% of (North American) patients 
diagnosed with type 2 diabetes. 
 
One way of exploring the link between heredity and disease is to study families. 
Comparisons of disease incidence and characteristics can be made between identical 
twins (from one egg) and fraternal twins (from different eggs). Identical twins share the 
same genes, whereas fraternal twins share only one-half of their genes. If identical twins 

http://en.wikipedia.org/wiki/Concordance
http://en.wikipedia.org/wiki/Twin


are more similar in a certain capacity than fraternal twins, a genetic component is thought 
to be involved. Differences between identical twins presumably stem from environmental 
factors.   
 
6.5.1  Polymorphisms 
 
Scientists are studying sequence variants in genes, which are akin to misspelled words. 
These misspellings, or polymorphisms, may underlie a person’s predisposition to a 
disease.  Polymorphisms also seem to partially explain why there are differences in how 
people develop diseases. Misspellings in certain genes, such as those related to energy 
metabolism, appear to affect disease rates and severity. Researchers are now trying to 
identify and map all the polymorphisms and genes related to disease development. 
 
While identical twins begin life with the same genetic material, they have unique 
personalities and often develop different diseases over the course of their lives. An 
international team of researchers led by Mario Fraga at the Spanish National Cancer 
Centre studied 40 pairs of twins ranging in age from three to 74 years old. While younger 
twins had nearly identical genomes, older twins had accumulated small chemical changes 
on their DNA and proteins. These alterations are called epigenetic changes and they help 
cells switch genes on and off. Twins who were raised separately also had more of these 
changes than twins who grew up together. 
 
Epigenetic processes occur in all people and enable the environment to shape which 
genes are turned on and which off. These changes explain why diseases such as cancer 
and schizophrenia can strike one in a pair of identical twins. Researchers still don't 
know exactly how environmental influences like smoking, exercise, and diet cause 
epigenetic changes. 
 
Future work will examine how epigenetics affect gene expression and what genes 
influence whether a person develops diseases such as schizophrenia or cancer 
(Proceedings of the National Academy of the Sciences, July 2005). 
 

The findings from twin and other familial studies reveal that numerous performance 
characteristics are influenced by genetics. The genetic component is about 40-50% for 
the proportion of slow-twitch (vs. fast-twitch) muscle fibers in humans, 30-70% for heart 
size and cardiac functions, and around 25-40% for maximal oxygen consumption. 
Other characteristics that appear to have a sizable genetic component include metabolic 
rate, blood volume, flexibility, anaerobic performance and body fat distribution.  

The era of the genome has profound implications for the future of athletics. Gene therapy 
and cell therapy (including stem cell therapy) could be used to help prevent or treat 
diseases.  It’s possible that increasing oxidative capacity by drug doping could be 
replaced by gene doping. On paper, the process is relatively straightforward. In one 
technique benign viruses engineered to contain a desired gene are injected into the body 
where the gene is expressed. For example, a virus that contains a gene for erythropoietin 



(EPO) has been injected into the muscles of animals, resulting in increased hematocrit. 
While useful in treating disorders such as hemophilia, this procedure could theoretically 
be utilized as a genetic form of blood doping or of increasing oxidative capacity. Other 
genes with therapeutic potential that might be exploited to enhance oxygen consumption 
and athletic performance include numerous growth hormones that could increase muscle 
mass. Although routine in many laboratories, these techniques are still highly 
experimental, and they present many technical and ethical concerns. 
 
6.5.2  Penetrance 
 
Within genes there is a property that Geneticists call "penetrance", which is the measure 
of the genes' effectiveness, or power. 
 
For an illustration lets look at Huntington's Disease, which has two alleles (varieties). 
One allele is rare and causes the person to fall victim to the disease. If someone is born 
with this allele then it is very likely that he or she will develop the disease later on in life. 
The other allele, which is much more common, prevents people from falling victim to the 
disease. This gene is 100%penetrant. 
 
The gene that causes type 1 diabetes has a penetrance of only about 30%. If one 
identical twin has the allele which causes diabetes then the other twin will have that allele 
as well. There would be a 30% chance that they would develop the disorder. 
 
The certainty of any genetic study is determined by its "significance", also called the "p 
value". The minimum p value required for a study to be scientifically accepted is .05., 
because that means it only has a 5% chance of being wrong. .04 being a 4% chance of 
being wrong. .01 thus would mean there is only a 1% chance of being wrong, and a 99% 
chance that there IS a genetic linkage. 

Contrary to the expectations of most researchers, genetics is more of a problem with type 
2 diabetes than it is with type 1. Some of the best evidence for this comes from studies of 
identical twins.  

6.5.3   Genetic Influences 

If one identical twin has type 2 diabetes, the chance of the other twin having it is 60 to 90 
percent. In contrast, if one identical twin has type 1 diabetes, the chance of the other twin 
developing it is about 50 percent, according to Alan Shuldiner, M.D., of the University of 
Maryland School of Medicine. If both of your parents have type 2 diabetes, you have 
about a 40 percent chance of getting it yourself, Dr. Shuldiner says. And if one parent has 
it you have about a 20 percent chance.  

Unlike some traits, diabetes does not seem to be inherited in a simple pattern. Yet clearly, 
some people are born more likely to get diabetes than others. Type 1 and type 2 diabetes 
have different causes.  Yet two factors are important in both.  First, you must inherit a 



predisposition to the disease. Second, something in your environment must trigger 
diabetes.  

Genes alone are not enough.  One proof of this is identical twins.  Identical twins have 
identical genes.  Yet when one twin has type 1 diabetes, the other gets the disease at most 
only half the time.  When one twin has type 2 diabetes, the other's risk is at most 3 in 4.  

Type 1 diabetes develops more often in winter than summer and is more common in 
places with cold climates.  Another trigger might be viruses.  Type 1 diabetes is less 
common in people who were breastfed and in those who first ate solid foods at later ages.  

In many people, the development of type 1 diabetes seems to take many years.  In 
experiments that followed relatives of people with type 1 diabetes, researchers found that 
most of those who later got diabetes had certain autoantibodies in their blood for years 
before.  

(Antibodies are proteins that destroy bacteria or viruses.  Autoantibodies are antibodies 
'gone bad,' which attack the body's own tissues.)  

Type 2 diabetes tends to be fairly hereditary in contrast to Type 1 diabetes. 
Approximately 38% of siblings and one third of children of people with type 2 diabetes 
will develop diabetes or abnormal glucose metabolism at some point. The degree of 
obesity also seems to be a factor with a larger percentage of diabetes developing in those 
who are more obese. Studies with identical twins showed that 90-100% of the time when 
diabetes developed in one it would also develop in the other compared with 50% in Type 
1 Diabetes (EndocrineWeb.com).  
 
If you have two identical twins that have the same genes, if one has (Type 1) diabetes, the 
likelihood of the other having diabetes is somewhere in the range of 30 to 40 percent. It's 
very high, but it's not 100 percent, so there must be something in addition to the genes, 
something in the environment. 
 
Development of Type 2 diabetes seems to be multi-factorial...that is, there are a number 
of issues to blame. Genetic predisposition seems to be the strongest factor. Obesity and 
high caloric intake seem to be another. Twenty percent of people with this Type 2 
Diabetes have antibodies to their islet cells which are detectable in their blood resulting in 
the expected low levels of insulin, suggesting the possibility of incomplete islet cell 
destruction. 

From a recent review (Bouchard & Tremblay, 1997) of studies of identical twins, it is 
apparent that individual response to positive and negative caloric balance is 
strongly influenced by genetics. In some cases, however, even identical twins 
participating in the same tightly controlled experiments may gain or lose vastly different 
amounts of weight--suggesting that individual variability in response to a standard caloric 
surplus or deficit, controlled by feeding and/or physical activity, is not entirely 
explainable by what currently is understood about genetics (Bouchard, C. & Tremblay, 



A. (1997). Genetic influences on the response of body fat and fat distribution to positive 
and negative balances in human identical twins. Journal of Nutrition, 127, 943S-947S). 

It is not yet widely recognized that identical twins can be different when they are born 
(Scientific American (Dec. 1990), 11-2). In about 10-20% of monozygotic twins fetal 
transfusion occurs, where one twin receives more oxygen and nutrients than the 
other, and twins can differ in birth weight by a factor of two. They can also differ in 
diseases or drug effects, and have altered genes or chromosomes. This suggests that the 
differences found between identical twins in behavioral studies may be even less due to 
the environment, and more because of genetic factors. 

Reducing sugars react with amino groups in proteins, lipids, and nucleic acids to 
produce advanced glycation end products (AGEs), including N -carboxymethyl lysine 
(CML), which have been implicated in oxidative stress and vascular damage. The aim of 
this study was to determine whether genetic factors influence serum CML levels in 
normal subjects. They performed a classical twin study of CML in healthy nondiabetic 
female twins, 39 monozygotic and 45 dizygotic pairs, aged 21–74 years. Serum CML 
levels were estimated by enzyme-linked immunosorbent assay. Additive genetic effects 
(heritability) explained 74% (95% CI 58–84) of population variance in CML. Heritability 

(%) of fasting glucose (51%) and HbA1c (62%) could not explain CML heritability, which 
was not associated with them. CML levels are, therefore, predominantly genetically 
determined and independent of genes influencing fasting glucose or HbA1c. Thus 
familial, largely genetic factors influence AGE implicating these glycoxidation 

products in the genetic contribution to macro- and microvascular disease (Level of 
an Advanced Glycated End Product Is Genetically Determined. A Study of Normal 
Twins. R. David G. Leslie et al. Diabetes 52:2441-2444, 2000). 

The aim of this study was to evaluate genetic and environmental effects on plasma 
glucose, insulin secretion, and resistance in Finnish twins. Altogether 151 randomly 
selected twin pairs were examined by the oral glucose tolerance test; 66 twin pairs were 
monozygotic and 85 like-sexed dizygotic. We estimated the intraclass correlation 
coefficients and variance components of genetic and environmental effects on waist 
circumference, plasma glucose, and serum insulin. For fasting insulin, the proportion of 
total variation accounted for by additive genetic effects (A) and nonshared environmental 
effects (E) were 43 and 57%, respectively. As to postchallenge insulin and waist 

circumference, A effects were stronger in female twins (51 and 70%, respectively) than 
male twins in whom no significant evidence for genetic variance was found. Of the 
variation in fasting glucose, A and E effects accounted for 45 and 55%, respectively. Of 
the variation in postchallenge glucose, E effects had a greater role (65%), compared with 
A effects (35%); A effects on pre- and postchallenge insulin levels were highly correlated 
(genetic correlation coefficient = 0.81). In conclusion, additive genetic effects are 
important for the insulin secretion, whereas nonshared environmental effects 
contribute strongly to peripheral insulin resistance (Genetic and Environmental 
Effects on Fasting and Postchallenge Plasma Glucose and Serum Insulin Values in 
Finnish Twins. Shuichi Katoh. The Journal of Clinical Endocrinology & Metabolism 
Vol. 90, No. 5 2642-2647). 
 



In an earlier study by Poehlman et al, these issues were addressed by examining the 
adaptive response to RMR in 6 pairs of monozygotic twins following 3 weeks of aerobic 
exercise training that created a caloric deficit of 1000 kcal per day.  Average body weight 
and percentage body fat loss was 2.4 kg and 2.4 %, respectively.  Although there were 
large variations in the direction and magnitude of changes among the 6 genotypes 
for RMR (5 pairs showing a lower RMR and 1 pair a higher RMR), of greater 
interest was the concordance of responses within twin pairs.  These results suggest 
that changes in RMR in response to exercise generating a caloric deficit state are 
genotype-dependent.  In other words, there are "high responders" and "low responders" in 
terms of the metabolic response to aerobic exercise training programs (Poehlman, E.T., 
A. Tremblay, E. Fontaine, J.P. Despres, A. Nadeau, J. Dussault, and C. Bouchard.  
Genotype dependency of the thermic effect of a meal and associated hormonal changes 
following short-term overfeeding.  Metabolism. 35:30-36, 1986).  
 
 
Cross-sectional studies in athletes and untrained subjects suggest that exercise training 
induces adaptations in cardiac structure and function. However, the role of genetic 
variation on the results has largely been ignored in these studies. The purpose of this 
study was to investigate the effects of long-term volitionally increased physical 
activity on electrocardiographic and echocardiographic parameters in male 
monozygotic twin pairs discordant for physical activity and fitness. On the basis of 
the mailed questionnaires, a telephone interview, and the inclusion criteria, 12 pairs of 
young adult male monozygotic twins were recruited from a Finnish twin cohort. All 
subjects completed a maximal oxygen uptake (.VO2 (max)) test and electrocardiography 
and echocardiography studies. Nine pairs had at least 9% difference in .VO2(max) and 
were selected for further analysis and for a second echocardiography study. Twins were 
divided into the more (MAG) and less active group (LAG), according to their VO2 (max). 
On average, MAG had 18% higher VO2 (max) compared with LAG. In 
electrocardiography, MAG had 29% (P = 0.02) higher Cornell voltage and 37% (P = 
0.01) higher right-side hypertrophy index. In echocardiography, no significant differences 
were observed between the groups, and left ventricular mass index was only 7% (P = 
0.16) higher in MAG. These results show that the volitionally increased physical activity 
that has led to an 18% increase in cardiorespiratory fitness induces greater changes in 
electro- than echocardiographic parameters. Electrocardiographic changes were 
suggestive of left ventricular hypertrophy, and echocardiography showed a similar but 
statistically nonsignificant trend (Cardiac structure and function in monozygotic twin 
pairs discordant for physical fitness. Hannukainen JC, et al. J Appl Physiol. 2005 
Aug;99(2):535-41). I believe that this study illustrates the variations of VO2 max 
within identical twins.  This may help explain variations seen in disease 
manifestation, even amongst monozygotic twins. 
 
6.5.4   Obesity and genetics 
 
Indirect estimates of obesity such as BMI seem to be strongly influenced by genetic 
factors in twins. Precise measurements of total and regional fat as determined by direct 
techniques such as DXA scan have only been applied in a few twin studies. The aim of 



the present study was to estimate the heritability (h(2)) of total and regional fat 
distribution in young and elderly Danish twins. Monozygotic (108) and dizygotic (88) 
twins in two age groups (25 to 32 and 58 to 66 years) underwent anthropometric 
measurements and DXA scans. The intraclass correlations demonstrated higher 
correlations for all fat percentages among monozygotic twins as compared with dizygotic 
twins. Thus, body fat and distribution as determined by DXA scan are 
under extensive genetic control (Total and regional fat distribution is strongly 
influenced by genetic factors in young and elderly twins. Malis C, et al. Obes Res. 2005 
Dec;13(12):2139-45).  
 
Asthma and obesity are common conditions that are strongly associated. This 
association might be due to shared genetic or environmental causes. Hallstrand sought to 
determine whether a shared genetic cause is responsible for the association between 
asthma and obesity and to estimate the magnitude of shared genetic cause. The analyses 
were performed with 1001 monozygotic and 383 dizygotic same-sex twin pairs within 
the University of Washington Twin Registry. The presence of asthma was determined 
by self-report of a physician diagnosis of asthma, and body mass index (BMI) was 
calculated by using self-reported height and weight. Obesity was defined as a BMI of 30 
or greater. A strong association between asthma and BMI was identified in the 
sample population. Substantial heritability was detected for asthma (53%) and obesity 
(77%), which is indicative of additive genetic influences on each disorder. The best-
fitting model of shared components of variance indicated that 8% of the genetic 
component of obesity is shared with asthma. CONCLUSION: The covariation 
between obesity and asthma is predominantly caused by shared genetic risk factors 
for both conditions (Genetic pleiotropy between asthma and obesity in a community-
based sample of twins. Hallstrand TS, et al. J Allergy Clin Immunol. 2005 
Dec;116(6):1235-41). As would be expected, I believe that this indicates that the 
coexistence or clustering of certain diseases share genetic markers and 
predispositions. 
 
Lipoprotein and weight differences between vigorously active and sedentary 
monozygotic (MZ) twins were used to (1) estimate the effects of training while 
controlling for genotype and (2) estimate genetic concordance (ie, similarity) in the 
presence of divergent lifestyles.  Behavior (vigorous exercise) may reduce genetic 
influences on body mass index. In contrast, genetics (or shared environment) 
substantially influences HDL cholesterol and HDL subclasses, even in the presence 
of extreme behavioral differences. There may be greater individual control over 
moderate degrees of obesity, whereas low HDL cholesterol may be largely 
predetermined and less effectively treated by vigorous exercise (Behavioral versus 
genetic correlates of lipoproteins and adiposity in identical twins discordant for exercise. 
Williams PT, Blanche PJ, Krauss RM. Circulation. 2005 Jul 19;112(3):350-6). 

6.6.0   Obesity: Risk Factors  

Some of the following material was modified from the American Obesity 
Association web page: 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Hallstrand+TS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Williams+PT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Blanche+PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Krauss+RM%22%5BAuthor%5D


Persons with obesity are at risk of developing one or more serious medical conditions, 
which can cause poor health and premature death.   Obesity is associated with more than 
30 medical conditions, and scientific evidence has established a strong relationship with 
at least 15 of those conditions. Preliminary data also show the impact of obesity on 
various other conditions. Weight loss of about 10% of body weight, for persons with 
overweight or obesity, can improve some obesity-related medical conditions including 
diabetes and hypertension. 

6.6.1    Obesity-Related Medical Conditions  

The prevalence of various medical conditions increases with overweight and obesity for 
men and women as shown in Tables 1 and 2. 

 

Table 1. Prevalence of Medical Conditions  
by Body Mass Index (BMI) for Men 

Body Mass Index  
Medical 

Condition 18.5 to 
24.9 

25 to 
29.9 

30 to 
34.9 > 40

  Prevalence Ratio (%) 

Type 2 Diabetes 2.03 4.93 10.10 10.65

Coronary Heart 
Disease 8.84  9.60  16.01 13.97

High Blood 
Pressure  23.47 34.16 48.95 64.53

Osteoarthritis 2.59 4.55  4.66 10.04

Source: NHANES III, 1988 - 1994. 

Table 2. Prevalence of Medical Conditions 
by Body Mass Index (BMI) for Women 

Body Mass Index  
Medical 

Condition 18.5 to 
24.9 

25 to 
29.9 

30 to 
34.9 > 40

  Prevalence Ratio (%) 

Type 2 Diabetes 2.38 7.12  7.24  19.89

Coronary Heart 
Disease 6.87  11.13 12.56 19.22

High Blood 
Pressure  23.26 38.77 47.95 63.16

Osteoarthritis 5.22 8.51 9.94 17.19



Source: NHANES III, 1988 - 1994.  

 

6.6.2    Leaner mice able to fight tumors 

Fatty tissue may decrease the body's ability to kill off cancer, says a study that found 
making mice leaner — through exercise or surgery — seemed to help them fight skin 
tumors. As I have said for years, it is because the lipids in fat traps EMODs and 
leads to EMOD deficiency states, which allows for the manifestion of cancer. 

Scientists have long known that people who are overweight are at increased risk of 
certain types of cancer. The question is why, and whether slimming down will lower that 
risk or do any good after a tumor forms. Rutgers University scientists took a closer look 
at that question using mice engineered to get skin cancer, and reported 10/23/06 that fat 
cells may secrete substances that short-circuit one of the body's main anti-tumor defenses. 

When cells become genetically damaged — such as the DNA damage caused by the sun's 
ultraviolet rays — they're supposed to self-destruct. It's a process called apoptosis that 
helps clear out bad cells before they can grow into tumors. The Rutgers' team put running 
wheels in the cages of some laboratory mice. They apparently loved the new toy, logging 
an estimated 2 to 3 miles a day, estimated professor Allan Conney, director of cancer 
research in Rutgers' pharmacy school. 

After two weeks, the mice hadn't lost weight but had lost a significant amount of fat in 
favor of muscle when compared to sedentary mice. More importantly, the exercising 
mice experienced higher levels of apoptosis — the self-destruction of bad cells — in 
both sun-damaged skin and in already-formed skin tumors, Conney found. 

The researchers then tried the experiment again, this time surgically removing pads of fat 
from chubby mice instead of having them exercise. Getting rid of fat stimulated tumor-
cell death, they report in the journal Proceedings of the National Academy of Sciences. 
That suggests something in fat lowers normal levels of cancer-fighting apoptosis. Now 
Conney is trying to figure out what. 

What happens in mice doesn't always happen in people, cautioned Dr. Len Lichtenfeld, 
the American Cancer Society's deputy chief medical officer. "We have a long way to go 
to prove" if cutting fat really cuts cancer, he said. But, "this particular study certainly 
provides a biologic rationale or explanation about why weight loss may be helpful." 

In people, studies to date are conflicting. There's some evidence that a low-fat diet may 
reduce the risk of breast cancer returning, for instance, while other studies found no 
benefit — possibly because losing weight and keeping it off is difficult, Lichtenfeld said. 



Regardless, the society does recommend maintaining a healthy body weight. After all, 
cutting pounds is a proven aid for other illnesses like diabetes and heart disease. 
Lichtenfeld calls it "just good common sense." 

6.6.3    Arthritis  

Osteoarthritis (OA)  

o Obesity is associated with the development of OA of the hand, hip, back 
and especially the knee.  

o At a Body Mass Index (BMI) of > 25, the incidence of OA has been 
shown to steadily increase.  

o Modest weight loss of 10 to 15 pounds is likely to relieve symptoms and 
delay disease progression of knee OA.  

Rheumatoid Arthritis (RA)  

o Obesity has been found related to RA in both men and women.  

6.6.4    Birth Defects  

• Maternal obesity (BMI > 29) has been associated with an increased incidence of 
neural tube defects (NTD) in several studies, although variable results have been 
found in this area.  

• Folate intake, which decreases the risk of NTD’s, was found in one study to have 
a reduced effect with higher pre-pregnancy weight.  

6.6.5    Cancers  
Breast Cancer  

o Postmenopausal women with obesity have a higher risk of developing 
breast cancer. In addition, weight gain after menopause may also increase 
breast cancer risk.  

o Women who gain nearly 45 pounds or more after age 18 are twice as 
likely to develop breast cancer after menopause as those who remain 
weight stable.  

o High BMI has been associated with a decreased risk of breast cancer 
before menopause. However, a recent study found an increased risk of 
the most lethal form of breast cancer, called inflammatory breast 
cancer (IBC), in women with BMI as low as 26.7 regardless of 
menopausal status.  

o Premenopausal women diagnosed with breast cancer who are overweight 
appear to have a shorter life span than women with lower BMI.  

o The risk of breast cancer in men is also increased by obesity.  

 



Cancers of the Esophagus and Gastric Cardia  

o Obesity is strongly associated with cancer of the esophagus and the risk 
becomes higher with increasing BMI.  

o The risk for gastric cardia cancer rises moderately with increasing BMI. 

Colorectal Cancer  

o High BMI, high calorie intake, and low physical activity are 
independent risk factors of colorectal cancer.  

o Larger waist size (abdominal obesity) is associated with colorectal 
cancer. 

Endometrial Cancer (EC)  

o Women with obesity have three to four times the risk of EC than 
women with lower BMI.  

o Women with obesity and diabetes are reported to have a 3-
fold increase in risk for EC above the risk of obesity alone.  

o Body size is a risk factor for EC regardless of where fat is distributed in 
the body.  

Renal Cell Cancer  

o Consistent evidence has been found to associate obesity with renal cell 
cancer, especially in women.  

o Excess weight was reported in one study to account for 21% of renal cell 
cancer cases.  

6.6.6    Cardiovascular Disease (CVD)  

• Obesity increases CVD risk due to its effect on blood lipid levels.  
• Weight loss improves blood lipid levels by lowering triglycerides and LDL 

(“bad”) cholesterol and increasing HDL (“good”) cholesterol.  
• Weight loss of 5% to 10% can reduce total blood cholesterol.  
• The effects of obesity on cardiovascular health can begin in childhood, which 

increases the risk of developing CVD as an adult.  
• Overweight and obesity increase the risk of illness and death associated with 

coronary heart disease.  
• Obesity is a major risk factor for heart attack, and is now recognized as such 

by the American Heart Association.  

6.6.7    Chronic Venous Insufficiency (CVI)  

• Patients with CVI, an inadequate blood flow through the veins, tend to be older, 
male, and have obesity.  



6.6.8    Daytime Sleepiness  

• People with obesity frequently complain of daytime sleepiness and fatigue, two 
probable causes of mass transportation accidents.  

• Severe obesity has been associated with increased daytime sleepiness even in the 
absence of sleep apnea or other breathing disorders. I believe that this is due to 
the fact that fats serve as sinks for EMODs and stage 4 mitochondrial 
respiration of deep sleep is need to replenish EMOD levels. 

6.6.9    Deep Vein Thrombosis (DVT)  

• Obesity increases the risk of DVT, a condition that disrupts the normal process of 
blood clotting.  

• Patients with obesity have an increased risk of DVT after surgery.  

6.7.0   Diabetes (Type 2)  

• As many as 90% of individuals with type 2 diabetes are reported to be overweight 
or obese.  

• Obesity has been found to be the largest environmental influence on the 
prevalence of diabetes in a population.  

• Obesity complicates the management of type 2 diabetes by increasing insulin 
resistance and glucose intolerance, which makes drug treatment for type 2 
diabetes less effective.  

• A weight loss of as little as 5% can reduce high blood sugar.  

6.7.1   End Stage Renal Disease (ESRD)  

• Obesity may be a direct or indirect factor in the initiation or progression of renal 
disease, as suggested in preliminary data. 

6.7.2   Gallbladder Disease  

• Obesity is an established predictor of gallbladder disease.  
• Obesity and rapid weight loss in obese persons are known risk factors for 

gallstones.  
• Gallstones are common among overweight and obese persons. Gallstones 

appear in persons with obesity at a rate of 30% versus 10% in non-obese.  

6.7.3   Gout  

• Obesity contributes to the cause of gout -- the deposit of uric acid crystals in 
joints and tissue.  

• Obesity is associated with increased production of uric acid and decreased 
elimination from the body.  



6.7.4   Heat Disorders  

• Obesity has been found to be a risk factor for heat injury and heat disorders.  
• Poor heat tolerance is often associated with obesity.  

6.7.5   Hypertension  

• Over 75% of hypertension cases are reported to be directly attributed to 
obesity.  

• Weight or BMI in association with age is the strongest indicator of blood pressure 
in humans.  

• The association between obesity and high blood pressure has been observed in 
virtually all societies, ages, ethnic groups, and in both genders.  

• The risk of developing hypertension is five to six times greater in obese adult 
Americans, age 20 to 45, compared to non-obese individuals of the same age.  

6.7.6   Impaired Immune Response  

• Obesity has been found to decrease the body’s resistance to harmful organisms.  
• A decrease in the activity of scavenger cells, that destroy bacteria and foreign 

organisms in the body, has been observed in patients with obesity. 

6.7.7   Impaired Respiratory Function  

• Obesity is associated with impairment in respiratory function.  
• Obesity has been found to increase respiratory resistance, which in turn may 

cause breathlessness.  
• Decreases in lung volume with increasing obesity have been reported. I believe 

that all of these lead to decreased intake of oxygen, which leads to decreased 
levels of EMODs. 

6.7.8   Infections Following Wounds  

• Obesity is associated with the increased incidence of wound infection. This is 
definitely related to decreased EMOD levels. 

• Burn patients with obesity are reported to develop pneumonia and wound 
infection with twice the frequency of non-obese. 

6.7.9   Infertility  

• Obesity increases the risk for several reproductive disorders, negatively affecting 
normal menstrual function and fertility.  

• Weight loss of about 10% of initial weight is effective in improving menstrual 
regularity, ovulation, hormonal profiles and pregnancy rates.  

 



6.8.0   Liver Disease  

• Excess weight is reported to be an independent risk factor for the development of 
alcohol related liver diseases including cirrhosis and acute hepatitis.  

• Obesity is the most common factor of nonalcoholic steatohepatitis, a major cause 
of progressive liver disease. 

6.8.1   Low Back Pain  

• Obesity may play a part in aggravating a simple low back problem, and contribute 
to a long-lasting or recurring condition.  

• Women who are overweight or have a large waist size are reported to be 
particularly at risk for low back pain.  

6.8.2   Obstetric and Gynecologic Complications  

• Women with severe obesity have a menstrual disturbance rate three times higher 
than that of women with normal weight.  

• High pre-pregnancy weight is associated with an increased risk during pregnancy 
of hypertension, gestational diabetes, urinary infection, Cesarean section and 
toxemia.  

• Obesity is reportedly associated with the increased incidence of overdue births, 
induced labor and longer labors.  

• Women with maternal obesity have more Cesarean deliveries and higher 
incidence of blood loss during delivery as well as infection and wound 
complication after surgery.  

• Complications after childbirth associated with obesity include an increased risk of 
endometrial infection and inflammation, urinary tract infection and urinary 
incontinence.  

6.8.3   Pain  

• Bodily pain is a prevalent problem among persons with obesity.  
• Greater disability, due to bodily pain, has been reported by persons with obesity 

compared to persons with other chronic medical conditions.  
• Obesity is known to be associated with musculoskeletal or joint-related pain.  
• Foot pain located at the heel, known as Sever’s disease, is commonly associated 

with obesity.  

6.8.4   Pancreatitis  

• Obesity is a predictive factor of outcome in acute pancreatitis. Obese patients with 
acute pancreatitis are reported to develop significantly more complications, 
including respiratory failure, than non-obese.  

• Patients with severe pancreatitis have been found to have a higher body-fat 
percentage and larger waist size than patients with mild pancreatitis. 



6.8.5   Sleep Apnea  

• Obesity, particularly upper body obesity, is the most significant risk factor for 
obstructive sleep apnea.  

• There is a 12 to 30-fold higher incidence of obstructive sleep apnea among 
morbidly obese patients compared to the general population.  

• Among patients with obstructive sleep apnea, at least 60% to 70% are obese.  

6.8.6   Stroke  

• Elevated BMI is reported to increase the risk of ischemic stroke independent of 
other risk factors including age and systolic blood pressure.  

• Abdominal obesity appears to predict the risk of stroke in men.  
• Obesity and weight gain are risk factors for ischemic and total stroke in 

women.  

6.8.7   Surgical Complications  

• Obesity is a risk factor for complications after a surgery.  
• Surgical patients with obesity demonstrate a higher number and incidence of 

hospital acquired infections compared to normal weight patients.  

6.8.8   Urinary Stress Incontinence  

• Obesity is a well-documented risk factor for urinary stress incontinence, 
involuntary urine loss, as well as urge incontinence and urgency among women.  

• Obesity is reported to be a strong risk factor for several urinary symptoms after 
pregnancy and delivery, continuing as much as 6 to 18 months after childbirth.  

6.8.9   Other (chronic hypoxia and hypercapnia) 

• Several other obesity-related conditions have been reported by various researchers 
including:  

o abdominal hernias, acanthosis nigricans, endocrine abnormalities, 
chronic hypoxia and hypercapnia, dermatological effects, 
depression, elephantitis, gastroesophageal reflux, heel spurs, hirsutism, 
lower extremity edema, mammegaly (causing considerable problems such 
as bra strap pain, skin damage, cervical pain, chronic odors and infections 
in the skin folds under the breasts, etc.), large anterior abdominal wall 
masses (abdominal paniculitis with frequent panniculitis, impeding 
walking, causing frequent infections, odors, clothing difficulties, low back 
pain), musculoskeletal disease, prostate cancer, pseudo tumor cerebri (or 
benign intracranial hypertension), and sliding hiatil hernia.  



6.9.0    Obesity 

Obesity is a chronic disease characterized by an accumulation of excess adipose tissue 
and associated with an increased risk of multiple morbidities and mortality. Weight loss 
prevents or tempers the severity of many obesity-related morbidities. Unfortunately, 
once adipose tissue accumulates, a system of overlapping neuroendocrine responses 
prevents it from diminishing. When food intake is limited, counter regulatory 
mechanisms cause an increase in appetite and a decrease in energy expenditure as 
protective measures against starvation, and make volitional weight loss by a hypocaloric 
diet difficult to achieve (J Korner and L. J. Aronne. Pharmacological Approaches to 
Weight Reduction: Therapeutic Targets. The Journal of Clinical Endocrinology & 
Metabolism Vol. 89, No. 6 2616-2621).  

Only two drugs, sibutramine (Meridia, Abbott Laboratories, Abbott Park, IL) and 
orlistat (Xenical, Hoffman-LaRoche, Nutley, NJ), are approved by the Food and Drug 
Administration for long-term use. 

6.9.1    Sibutramine 

Sibutramine inhibits norepinephrine and serotonin reuptake. Although ineffective as 
an antidepressant, for which purpose it was originally developed, sibutramine was found 
to reduce body weight and appetite and increase satiety. More than 10 prospective, 
randomized, controlled trials of sibutramine have supported its efficacy. An analysis 
of three trials of at least 1-yr duration shows that patients on sibutramine lost 4.3 kg or 
4.6% more weight than those taking placebo; 34% more patients achieved at least 5% 
weight loss, and 15% more patients achieved at least 10% weight loss in the sibutramine 
arm compared with placebo. The most common adverse effects are dry mouth, 
constipation, and insomnia. On the average, systolic blood pressure increases by 4 mm 
Hg, and diastolic blood pressure by 2–4 mm Hg. Heart rate increases about 4 
beats/min. Despite these changes, the safety and efficacy of sibutramine have been 
demonstrated in subjects with controlled hypertension; however, it is recommended that 
blood pressure and pulse rate be monitored regularly. The use of sibutramine is 
contraindicated in individuals with uncontrolled hypertension or cardiovascular disease or 
with concomitant use of monoamine oxidase inhibitors or other serotonin reuptake 

inhibitors. To date, there has been no association between the use of sibutramine and 
valvular heart disease, as became evident with the use of fenfluramine.  

6.9.2    Orlistat 

Orlistat, an inhibitor of pancreatic and gastrointestinal lipases, prevents the 
absorption of approximately 30% of dietary fat. Pooled results of 11 prospective 
randomized controlled trials demonstrate that subjects treated with orlistat displayed a 

2.7-kg or 2.9% greater reduction in weight than placebo-treated patients after 1 yr of 
follow-up. Orlistat reduces low density lipoprotein and cholesterol levels 
independent of reductions in body weight, decreases the progression to a diabetic 
state, and leads to better glycemic control in patients with diabetes. Side effects due 



to the mode of action include oily spotting, liquid stools, fecal urgency or incontinence, 
flatulence, and abdominal cramping. As orlistat may impair the absorption of fat-soluble 
vitamins, a multivitamin supplement should be taken 2 h before or after the medication.  

6.9.3    Phentermine 

The noradrenergic agent, phentermine, is approved only for short-term treatment of 
obesity of up to 3 months duration due to the lack of long-term studies. Studies show a 2- 
to 10-kg greater weight loss in phentermine-treated patients than in those given placebo. 
Side effects include insomnia, dry mouth, constipation, restlessness, euphoria, 
nervousness, increased pulse rate, and blood pressure. The use of noradrenergic agents 
is contraindicated in patients with cardiovascular disease, hypertension, or history of drug 

abuse or in those taking monoamine oxidase inhibitors.  

6.9.4    Metformin 

Metformin (1,1-dimethylbiguanide) is an antihyperglycaemic drug used to normalize 
glucose concentrations in type 2 diabetes. Furthermore, antioxidant benefits have been 
reported in diabetic patients treated with metformin. This work was aimed at studying the 
scavenging capacity of this drug against reactive oxygen species (ROS) like ·OH and 
-free radicals. ROS were produced by gamma radiolysis of water. The irradiated solutions 
of metformin were analyzed by UV/visible absorption spectrophotometry. It has been 
shown that hydroxyl free radicals react with metformin in a concentration-dependent 
way. The maximum scavenging activity was obtained for concentrations of metformin 
200 µmol·L–1, under our experimental conditions. An estimated value of 107 L·mol–1·s–1 
has been determined for the second order rate constant k(·OH + metformin). Superoxide 

free radicals and hydrogen peroxide do not initiate any oxidation on metformin in our in 
vitro experiments (Radical-induced oxidation of metformin. H. Khouri Eur. J. Biochem. 
271, 4745-4752 (2004). I believe that this study shows that neither superoxide anion 
or hydrogen peroxide reacts with metformin.  Only hydroxyl radicals produced by 
gamma radiation reacts with metformin. 

Metformin, approved for the treatment of type 2 diabetes, was studied in the Diabetes 
Prevention Program Research Trial as a means to prevent the development of diabetes in 
nondiabetic persons with elevated fasting and postload plasma glucose concentrations. 
Although less successful than a lifestyle modification program, treatment with metformin 
was associated with a 2.1-kg mean weight loss and a decrease in the incidence of 
diabetes by 31% compared with placebo treatment over the average follow-up period of 
2.8 yr. Metformin may, therefore, be considered as adjunctive therapy in individuals at 
high risk for progression to diabetes. 

Over 100 molecules are in various stages of preclinical and clinical development to treat 
obesity. 

Peter G Kopelman writes that obesity is now so common within the World's population 
that it is beginning to replace undernutrition and infectious diseases as the most 



significant contributor to ill health. Obesity causes or exacerbates a large number of 
health problems, both independently and in association with other diseases. In particular, 
obesity is associated with the development of type 2 diabetes mellitus, coronary 
heart disease, an increased incidence of certain forms of cancer, obstructive sleep 
apnea, and osteoarthritis of large and small joints.  

The Build and Blood Pressure Study has shown that the adverse effects of excess weight 
tend to be delayed, sometimes for 10 years or longer. Life insurance data and 
epidemiological studies confirm that increasing degrees of overweight and obesity are 
important predictors of decreased longevity. In the Framingham Heart Study, the risk of 
death within 26 years increased by 1% for each extra pound [0.45kg] increase in weight 
between the ages of 30 years and 42 years, and by 2% between the ages of 50 years and 
62 years.  

The distribution of fat around the thoracic cage and abdomen restricts respiratory 
excursion and alters respiratory function. The intra-abdominal visceral deposition of 
adipose tissue, which characterises upper body obesity, is a major contributor to the 
development of hypertension, elevated plasma insulin concentrations and insulin 
resistance, hyperglycaemia and hyperlipidaemia. Obesity is characterized by elevated 
fasting plasma insulin and an exaggerated insulin response to an oral glucose load. 

The effects of increased body fatness on cardiovascular function are predictable. 
Total body oxygen consumption is increased due to an expanded lean tissue mass as 
well as the oxidative demands of metabolically active adipose tissue, and this is 
accompanied by an absolute increase in cardiac output. An increased amount of fat in the 
chest wall and abdomen has a predictable effect on the mechanical properties of the chest 
and the diaphragm and leads to an alteration of respiratory excursions during inspiration 
and expiration, reducing lung volume and altering the pattern of ventilation to each 
region. During Rapid Eye Movement (REM) sleep, there are decreases in voluntary 
muscle tone with reduced arterial oxygen saturation and a rise in carbon dioxide in all 
individuals but are especially marked in obese subjects. Such changes constitute the 
clinical manifestation of the obesity-hypoventilation syndrome (formerly 
known as the Pickwickian syndrome).  

Certain forms of cancer are more common in obese subjects: colorectal and prostate 
in obese men, carcinoma of the gallbladder, breast and endometrium in obese 
women. The increased incidence is more prominent for those with upper body fat 
distribution at lower degrees of obesity and is thought to be a direct consequence of 
hormonal changes. Adipose tissue contains high levels of aromatase, the enzyme that 
converts androgens into estrogens: accumulation of adipose tissue may lead directly to 
a rise in estrogen levels. Estrogens serve as growth factors for both breast and 
endometrial cancers and fat cells serve as a source of androstenedione, which is 
converted into estrogens. 



A recognised risk factor for the development of osteoarthritis (OA) is obesity 
because of increased biomechanical forces directed at the joint surfaces. Joint alignment 
of the knee (varus or valgus alignment) influences the progression of knee OA 

Weight loss (with a reduction in fat mass) will result in either an alleviation of many of 
these problems, or their resolution if achieved at an early stage. Too often, unfortunately, 
medical intervention occurs too late when the complications are established, and 
irreversible.  

Curiously, obese patients who have undergone bariatric surgery, 
frequently have regression of their diabetes and its comorbidity of 
atherosclerosis, hypertension and kidney disease. 

7.0.0    Ghrelin influences glucose homeostasis, not obesity 

Ghrelin is involved in the control of glucose homeostasis, but not in obesity, 
according to a report in the May 2006 issue of Cell Metabolism. 

Ghrelin and leptin both act on feeding centers in the brain to regulate energy 
balance, the authors explain, but mice lacking ghrelin have normal appetites. Dr. Roy G. 
Smith and colleagues from Baylor College of Medicine, Houston, Texas used ghrelin- 
and leptin-deficient mice to investigate the interrelated physiological roles of ghrelin and 
leptin.  

In leptin-deficient mice, the ablation of ghrelin did not reduce body weight or fat 
content. Deletion of ghrelin did, however, enhance glucose-dependent insulin release and 
increase insulin sensitivity, the results indicate.  

Ablation of ghrelin in obese and lean mice reduced the expression of uncoupling protein-
2, which regulates ATP production and thereby influences insulin release. "Collectively," 
the investigators conclude, "our data are consistent with the notion that ghrelin is a 
neuromodulatory sensor that controls whole body metabolism according to nutrient 
intake and body composition by linking the growth hormone/insulin-like growth 
factor-1 axis with glucose sensing, beta cell function, and fat mobilization." (Cell 
Metabolism 2006;3:379-385). 

7.0.1    Bariatric surgery 

Obese teenagers who had surgery to shrink the size of their stomachs on average lost 
nearly half their weight in the four years after the procedure, according to a study 
presented on Thursday at a medical conference. 

Researchers from the Hospital Sao Camilo in Brazil on 6/29/06 also said that the 
laparoscopic gastric bypass surgery eliminated high blood pressure and type 2 
diabetes for the teenage patients who had those conditions. 



"Morbid obesity is a progressive disease so the earlier the intervention whether by 
surgery or other means, the better the chances are to avoid future health problems and to 
prolong life," said Dr. Ricardo Cohen, the study's lead author. 

The study involved 42 teenagers ages 13 to 18 whose average weight fell from 260 
pounds (118 kg) before surgery to 135 pounds (61 kg) four years later. Sixteen of the 
youths with hypertension and three with type 2 diabetes were free of those diseases 
50 days after surgery. 

The study comes amid growing concern about rising levels of obesity among teenagers 
and an increasingly heavy adult population, predominantly in the United States. "It is the 
fastest growing disease in the pediatric and adolescent age group," said Dr. Neil Hutcher, 
president of the American Society for Bariatric Surgery. "It is estimated that at least 15 
percent of children are obese and another 10 percent to 15 percent are overweight." 

Additionally, in the United States one in 50 adults are diagnosed with morbid obesity, a 
condition imposing an estimated $117 billion annually in costs on the country's health 
care system. 

Morbid obesity is a disease marked by high level of body fat and when a person is at least 
100 pounds (45 kg) overweight. 

The study on how teenagers fared after the stomach surgery was presented at an 
American Society for Bariatric Surgery conference in San Francisco. Other studies at the 
conference reported gastric bypass surgery helps reduce the risk of heart disease by 
half for the morbidly obese, and that the risk of dying from morbid obesity is up to 85 
percent greater than the risk of dying as a result of the stomach-reduction surgery.  

7.0.2    Obesity and adipose tissue hypoxia 

Obesity is linked to a variety of metabolic disorders, such as insulin resistance and 
atherosclerosis. Dysregulated production of fat-derived secretory factors, 
adipocytokines, is partly responsible for obesity-linked metabolic disorders.  Investigators 
show that adipose tissue of obese mice is hypoxic and that local adipose tissue 
hypoxia dysregulates the production of adipocytokines. 

Recent studies have revealed that adipose tissue is not only a passive reservoir for energy 
storage but also produces and secretes a variety of bioactive molecules called 
adipocytokines, including tumor necrosis factor, leptin, resistin, and plasminogen 

activator inhibitor type 1 (PAI-1). Dysregulated production of adipocytokines is 
associated with the pathophysiology of obesity-related metabolic diseases. Investigators 
identified adiponectin as an adipocytokine in the human adipose tissue cDNA library. 
Plasma adiponectin levels are low in obesity and type 2 diabetes. The biological 
functions of adiponectin include improvement of glucose and lipid metabolism and 

prevention of inflammation and atherosclerosis. Adiponectin is regarded as a link 
between obesity and metabolic disorders. 



Hypoxia occurs when oxygen availability does not match the demand of 
the surrounding tissue, resulting in decreased oxygen tension. Hypoxic 
stress plays a pivotal role in normal human development and physiology, including 
embryogenesis and wound repair, and has been well studied for its importance in 
the pathogenesis of several human diseases, including heart disease, stroke, diabetes, 
and cancer (Semenza GL: HIF-1 and human disease: one highly involved factor. Genes 
Dev 14:1983–1991, 2000). 

In the presence of hypoxia, cells must respond by coordinated expression of numerous 
genes to ensure adaptation. An important and well-characterized key regulator of the 
adaptive response to alterations in oxygen tension is hypoxia-inducible factor-1 (HIF1), a 
transcription factor that accumulates during hypoxia and increases the mRNA expression 

of a wide variety of genes that stimulate erythropoiesis, angiogenesis, and glycolysis 
(Semenza GL: Surviving ischemia: adaptive responses mediated by hypoxia-inducible 
factor 1. J Clin Invest 106:809–812, 2000).  

On the other hand, hypoxic cells also provoke HIF1-independent adaptive responses. 
Previous reports have shown that the unfolded protein response (UPR), an HIF1-
independent signaling pathway, is activated in the presence of hypoxia and contributes to 
cellular adaptation of this stress (Bi M, Naczki C, Koritzinsky M, Fels D, Blais J, Hu N, 
Harding H, Novoa I, Varia M, Raleigh J, Scheuner D, Kaufman RJ, Bell J, Ron D, 
Wouters BG, Koumenis C: ER stress-regulated translation increases tolerance to extreme 
hypoxia and promotes tumor growth. Embo J 24:3470–3481, 2005). 

Recent studies have reported that ER stress is increased in liver and adipose tissue of 
obese mice. Various intracellular and extracellular stimuli including glucose or nutrient 
deprivation, hypoxia, viral infection, and increased synthesis of secretory proteins can 
trigger ER stress. However, the triggers that induce ER stress in obesity remained 
unclear.  

Investigators provide evidence for hypoxia in adipose tissue of obese mice and that such 
hypoxia is partly due to inadequate blood supply. In addition, we found that exposure 

of adipocytes to hypoxia elicits dysregulated production of adipocytokines and that 
hypoxia-induced downregulation of adiponectin mRNA is mediated by ER stress–
dependent transcriptional and–independent posttranscriptional mechanisms (Adipose 
Tissue Hypoxia in Obesity and Its Impact on Adipocytokine Dysregulation. Naomi 
Hosogaiet al. Diabetes 56:901-911, 2007).  Again, I believe that the hypoxia 
contributes to EMOD insufficiency, the ROSI syndrome and the “allowance” of 
disease. 

7.1.0    Obesity and Reduced EMOD production 

The role of inflammation and oxidative stress in the development of obesity and 
associated metabolic disorders is under debate. Galinier et al investigated the redox 
metabolism in a non-diabetic obesity model, i.e. 11-week-old obese Zucker rats. 
Antioxidant enzyme activities, lipophilic antioxidant ( -tocopherol, coenzymes Q) and 



hydrophilic antioxidant (glutathione, vitamin C) contents and their redox state (% 
oxidized form), were studied in inguinal white fat and compared with blood and liver. 
The adipose tissues of obese animals showed a specific higher content of hydrophilic 

molecules in a lower redox state than those of lean animals, which were associated 
with lower lipophilic molecule content and lipid peroxidation. Conversely and as 
expected, glutathione content decreased and its redox state increased in adipose tissues of 
rats subjected to lipopolysaccharide-induced systemic oxidative stress. In these in vivo 
models, oxidative stress and obesity thus had opposite effects on adipose tissue redox 
state. Moreover, the increase in glutathione content and the decrease of its 

redox state by antioxidant treatment promoted in vitro the 
accumulation of triglycerides in preadipocytes. Taken together and contrary 

to the emergent view, Galinier et al results suggest that obesity is associated 

with an intracellular reduced redox state that promotes on its own the 
development of a deleterious proadipogenic process (Adipose Tissue 
Proadipogenic Redox Changes in Obesity. Anne Galinier et al. J. Biol. Chem., Vol. 281, 
Issue 18, 12682-12687, May 5, 2006). I believe that this is an extremely important 
study.  It supports my Unified theory in that obesity, which is characterized by 
inflammatory type reactions in adipocytes (associated with hypoxia) is the basis for 
the appearance of an EMOD insufficiency syndrome.  This inter-relates obesity, 
cancer, atherosclerosis, diabetes. 
 
Obesity is an important risk factor for surgical site infections. The incidence of 
surgical wound infections is directly related to tissue perfusion and oxygenation. Fat 
tissue mass expands without a concomitant increase in blood flow per cell, which might 
result in a relative hypoperfusion with decreased tissue oxygenation. Consequently, the 
authors tested the hypotheses that perioperative tissue oxygen tension is reduced in obese 
surgical patients. Furthermore, they compared the effect of supplemental oxygen 
administration on tissue oxygenation in obese and nonobese patients. METHODS: Forty-
six patients undergoing major abdominal surgery were assigned to one of two groups 
according to their body mass index: body mass index less than 30 kg/m2 (nonobese) or 
30 kg/m2 or greater (obese). Intraoperative oxygen administration was adjusted to arterial 
oxygen tensions of approximately 150 mmHg and approximately 300 mmHg in random 
order. Intraoperative subcutaneous tissue oxygen tension was significantly less in the 
obese patients at baseline (36 vs. 57 mmHg; P = 0.002) and with supplemental oxygen 
administration (47 vs. 76 mmHg; P = 0.014). Immediate postoperative tissue oxygen 
tension was also significantly less in subcutaneous tissue of the upper arm (43 vs. 54 
mmHg; P = 0.011) as well as near the incision (42 vs. 62 mmHg; P = 0.012) in obese 
patients. In contrast, tissue oxygen tension was comparable in each group on the first 
postoperative morning. CONCLUSION: Wound and tissue hypoxia were common in 
obese patients in the perioperative period and most pronounced during surgery. Even 
with supplemental oxygen tissue, oxygen tension in obese patients was reduced to 
levels that are associated with a substantial increase in infection risk (Obesity 
decreases perioperative tissue oxygenation. Kabon B, Nagele A, Reddy D, Eagon C, 
Fleshman JW, Sessler DI, Kurz A. Anesthesiology. 2004 Feb;100(2):274-80). I believe 
that this confirms the fact that oxygen levels and consequently EMOD levels are low 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&itool=PubMed_Abstract&term=%22Fleshman+JW%22%5BAuthor%5D


in obese patients and that this is a systemic effect.  These patients are thus prone to 
develop the EMOD insufficiency diseases, such as cancer, infections, atherosclerosis 
and diabetes. 
 
Oxidative killing by neutrophils is the primary defense against surgical pathogens 
and the risk of infection is thus inversely related to the tissue oxygen partial 
pressure (Barbior, BM. Oxygen-dependent microbial killing byphagocytes. N Engl Med. 
1978;289:659-68).  

Tissue oxygenation is especially important in the hours immediately following bacterial 
contamination when infections are established; this time is known as the decisive period. 
Factors that reduce tissue oxygenation thus augment infection risk (Greif R, Akca O, 
Horn EP, Kurz A, Sessler DI. Supplemental perioperative oxygen to reduce the incidence 
of surgical-wound infection. Outcomes Research Group N Engl J Med. 2000;342:161–7).  

For example, hypothermia and smoking — each of which reduce subcutaneous oxygen 
tension — increase the incidence of infection. Obesity is also a major risk factor for 
surgical site infection and contributes to a high morbidity and mortality in the obese 
population (Moulton MJ, .Creswell LL, Mackey ME, Cox JL, Rosenbloom M. Obesity is 
not a risk factor for significant adverse outcomes after cardiac surgery. Circulation. 94. 
1996;(II):87–92) (Choban PS, Heckler R, Burge JC, Flancbaum L. Increased incidence of 
nosocomial infections in obese surgical patients. Am Surg. 1995;61:1001–5).  

Cardiac output, circulating blood volume, and resting oxygen consumption are all 
increased in obese persons; however, total blood flow is sub-normal in 
relation to body weight (Cheymol G. Drug pharmacokinetics in the obese. Fundam 
Clin Pharmacol. 1988;2:239–56). These simple and direct measurements show that 
obesity is a setup for infection and this situation exists in obese patients.  The lower 
level of EMODs is a setup for all of the diseases of the EMOD insufficiency 
syndrome. 

Obesity augments the size of individual fat cells without increasing blood flow 
(Jansson PA, Larsson A, Smith U, Lonnroth P. Glycerol production in subcutaneous 
adipose tissue in lean and obese humans. J Clin Invest. 1992;89:1610–7). Fat tissue is 
thus relatively hypoperfused and, therefore, likely to be poorly oxygenated (Di 
Girolamo M, Skinner NS Jr, Hanley HG, Sachs RG. Relationship of adipose tissue blood 
flow to fat cell size and number. Am J Physiol. 1971;220:932–7). 

Even supplemental oxygen fails to increase tissue oxygenation in hypoperfused 
tissues (Jonsson K, Jensen JA, Goodson WH, 3rd, West JM, Hunt TK. Assessment of 
perfusion in postoperative patients using tissue oxygen measurements. Br J Surg. 
1987;74:263–7).  



7.1.1  Obesity Driving Diabetes Epidemic  

America's obesity epidemic is definitely driving the nation's type 2 diabetes 
epidemic, says a new study by the U.S. Centers for Disease Control and Prevention. 
While other factors play some role in the rapidly increasing number of people with 
diabetes, obesity is the major factor in the trend, said Linda S. Geiss, lead author of the 
study, published in the 4/20/06 issue of the American Journal of Preventive Medicine. 

The study, based on concrete numbers drawn from the entire country, backs up what 
experts have long believed, said Geiss, a statistician with the CDC's Division of Diabetes 
Translation. "Most incidence studies [of diabetes] have been done on samples that aren't 
representative of the United States," she said. "These [new] data are nationally 
representative. And these data certainly help make the case that obesity is a major factor 
in the diabetes epidemic. I think it adds to the evidence." 

Geiss and her research team looked at statistics from the National Health Interview 
Survey, an ongoing nationwide in-person survey of about 40,000 households. They 
zeroed in on the years 1997 to 2003 to look for trends in the incidence of diagnosed 
diabetes in adults aged 18 to 79. Each year, about 31,000 adults were asked whether a 
health professional had told them they had diabetes. Not included was gestational 
diabetes, a type that occurs during pregnancy. 

Participants were asked how old they were when their diabetes was diagnosed. The 
researchers had access to information about height and weight so they could compute the 
participants' body mass index (BMI, a ratio of height to weight). A BMI of 25 and above 
is termed overweight; 30 and higher is considered obese. 

Excess weight and inactivity are risk factors for type 2 diabetes, in which the body 
doesn't properly use the hormone insulin, which is crucial for converting sugars and 
starches in the blood into fuel for the body. The incidence of diagnosed diabetes rose 41 
percent from 1997 to 2003 among the study participants, Geiss found. 

About 20 million Americans have diabetes, although many do not yet know it, 
according to the American Diabetes Association. About two-thirds (about 166 
million) of American adults are now overweight or obese, according to the National 
Institutes of Health. In 1960, 13 percent of adults were obese, but by 2000, nearly 31 
percent were. 

Geiss wanted to determine, however, if the rise in diabetes might be due at least partially 
to better detection methods allowing for earlier diagnosis. "If we were doing a better job, 
we would be detecting it earlier and when people are healthier." But from 1997 to 2003, 
those diagnosed with diabetes were not healthier or younger. Increased detection of 
diabetes "could be part of the answer," she said, "but not the whole answer. It doesn't 
seem to be a major factor. Most of the increase in diabetes occurred in those with a BMI 
of 30 or above. In 2003, 59 percent of the newly diagnosed were at a BMI of 30 or above. 



Another 30 percent were overweight, with a BMI of 25 to under 30. All together, 89 
percent of the [new] cases were either overweight or obese." 

The study findings will not surprise experts, said Mary Austin, a diabetes educator and a 
researcher at Henry Ford Health System in Detroit, and part of the ACCORD (Action to 
Control Cardiovascular Risk in Diabetes) study. 

"These findings are very reflective of what we see around the world," Austin said. "The 
rise in weight and obesity is being seen globally," she said, and with it, more type 2 
diabetes is being diagnosed. The oft-repeated message holds here, she said. Keep your 
weight at a healthy level and get regular, moderate exercise. Geiss added: "Recent studies 
have shown we can prevent diabetes in those with risk factors, just with moderate 
lifestyle changes. Those include cutting down on daily calories for weight loss, if 
necessary, and getting activity into each day." 

A Pew survey last week found that more Americans blame obesity, especially their 
own, on lack of exercise and willpower than on "the kinds of foods marketed at 
restaurants and grocery stores."  

7.1.2  Hypoxia, hypoadiponectinemia and Adipocytes 

Low plasma levels of adiponectin (hypoadiponectinemia) and elevated circulating 
concentrations of plasminogen activator inhibitor (PAI)-1 are causally associated with 
obesity-related insulin resistance and cardiovascular disease. However, the 
mechanism that mediates the aberrant production of these two adipokines in obesity 
remains poorly understood. In this study, Chen investigated the effects of hypoxia and 
reactive oxygen species (ROS) on production of adiponectin and PAI-1 in 3T3-L1 
adipocytes. Quantitative PCR and immunoassays showed that ambient hypoxia 
markedly suppressed adiponectin mRNA expression and its protein secretion, and 
increased PAI-1 production in mature adipocytes. Hypoxia caused a modest elevation 
of ROS in adipocytes. However, ablation of intracellular ROS by antioxidants 
failed to alleviate hypoxia-induced aberrant production of adiponectin 
and PAI-1. On the other hand, the antioxidants could reverse hydrogen peroxide 
(H2O2)-induced dysregulation of adiponectin and PAI-1 production. H2O2 treatment 
decreased the expression levels of peroxisome proliferator-activated receptor gamma 
(PPARgamma) and CCAAT/enhancer binding protein (C/EBPalpha), but had no effect 
on HIF-1alpha, whereas hypoxia stabilized HIF-1alpha and decreased expression of 
C/EBPalpha, but not PPARgamma. Taken together, these data suggest that hypoxia and 
ROS decrease adiponectin production and augment PAI-1 expression in adipocytes 
via distinct signaling pathways. These effects may contribute to hypoadiponectinemia 
and elevated PAI-1 levels in obesity, type 2 diabetes, and cardiovascular diseases 
(Hypoxia dysregulates the production of adiponectin and plasminogen activator inhibitor-
1 independent of reactive oxygen species in adipocytes. Chen B, Lam KS, Wang Y, Wu 
D, Lam MC, Shen J, Wong L, Hoo RL, Zhang J, Xu A. Biochem Biophys Res Commun. 
2006 Mar 10;341(2):549-56). 
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The adipocyte has pleiotropic functions beyond the storage of energy in times of nutrient 
abundance. Considerable efforts in adipocyte biology within the past ten years have 
emphasized the important role of adipose tissue in processes as diverse as energy 
metabolism, inflammation and cancer. Adipocytes are able to communicate with the 
brain and peripheral tissues implementing metabolic signals such as satiety, food intake 
and energy expenditure. Despite its huge pharmacological potential, only a small number 
of clinical applications interfere directly with adipocyte physiology (Keynote review: the 
adipocyte as a drug discovery target. Nawrocki AR, Scherer PE. Drug Discov Today. 
2005 Sep 15;10(18):1219-30). 
 
7.1.3   EMODs are antiadipogenic signaling molecules 
 
Recent reports emphasize the importance of mitochondria in white adipose tissue 
biology. In addition to their crucial role in energy homeostasis, mitochondria are the main 
site of reactive oxygen species generation. When moderately produced, they function as 
physiological signaling molecules. Thus, mitochondrial reactive oxygen species trigger 
hypoxia-dependent gene expression. Therefore the present study tested the implication of 
mitochondrial reactive oxygen species in adipocyte differentiation and their putative role 
in the hypoxia-dependent effect on this differentiation. Pharmacological manipulations 
of mitochondrial reactive oxygen species generation demonstrate a very strong and 
negative correlation between changes in mitochondrial reactive oxygen species and 
adipocyte differentiation of 3T3-F442A preadipocytes. Moreover, mitochondrial 
reactive oxygen species positively and specifically control expression of the adipogenic 
repressor CHOP-10/GADD153. Hypoxia (1% O2) strongly increased reactive oxygen 
species generation, hypoxia-inducible factor-1 and CHOP-10/GADD153 expression, and 
inhibited adipocyte differentiation. All of these hypoxia-dependent effects were partly 
prevented by antioxidants. By using hypoxia-inducible factor-1alpha (HIF-1alpha)-
deficient mouse embryonic fibroblasts, HIF-1alpha was shown not to be required for 
hypoxia-mediated CHOP-10/GADD153 induction. Moreover, the comparison of hypoxia 
and CoCl2 effects on adipocyte differentiation of wild type or HIF-1alpha deficient 
mouse embryonic fibroblasts suggests the existence of at least two pathways dependent 
or not on the presence of HIF-1alpha. Together, these data demonstrate that 
mitochondrial reactive oxygen species control CHOP-10/GADD153 expression, are 
antiadipogenic signaling molecules, and trigger hypoxia-dependent inhibition 
of adipocyte differentiation (Mitochondrial reactive oxygen species control the 
transcription factor CHOP-10/GADD153 and adipocyte differentiation: a mechanism for 
hypoxia-dependent effect. Carriere A, Carmona MC, Fernandez Y, Rigoulet M, Wenger 
RH, Penicaud L, Casteilla L. J Biol Chem. 2004 Sep 24;279(39):40462-9). I believe that 
this indicates that antioxidants could block the antiadipogenic action of EMODs and 
lead to obesity. 
 
White adipose tissue is the main energy store in adult mammals and displays great 
plasticity according to the energy needs of the organism. Adipocyte differentiation results 
from a subtle balance of sequential and interdependent transcription factors expression 
that activate or inhibit promoters of adipogenic genes. Three members of the 
CAAT/enhancer binding protein (C/EBP)1 family, C/EBP , C/EBP , and CHOP-
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10/GADD153 (C/EBP homologous protein also identified as growth arrest and DNA 
damage 153), are expressed early in the adipocyte differentiation process. By forming 
heterodimers with the other C/EBPs, CHOP-10/GADD153 acts as a dominant negative 
regulator of C/EBP. During the clonal expansion phase, CHOP-10/GADD153 expression 
falls and, simultaneously, C/EBP  and C/EBP  are transiently induced. This mediates the 
later expression of C/EBP  and peroxisome proliferation-activated receptor- , 
subsequently triggering full-blown adipocyte differentiation. Adipogenic hormones and 
nutrients are well known to stimulate adipocyte differentiation (Ailhaud, G. (1995) 
Ann. Endocrinol. 562, 93–95). However, hypoxia strongly inhibits this process (Yun, 
Z., Maecker, H. L., Johnson, R. S., and Giaccia, A. J. (2002) Dev. Cell 2, 331–341). 
 

It was only recently demonstrated that mitochondrial apparatus was a fundamental 
aspect of white fat and adipocyte differentiation (Prunet-Marcassus, B., Moulin, K., 
Carmona, M. C., Villarroya, F., Pénicaud, L., and Casteilla, L. (1999) FEBS Lett. 464, 
184–188) (Wilson-Fritch, L., Burkart, A., Bell, G., Mendelson, K., Leszyk, J., Nicoloro, 
S., Czech, M., and Corvera, S. (2003) Mol. Cell. Biol. 23, 1085–1094).  

Thus, the concept that mitochondria could play an essential role in white adipose tissue 
development is now emerging. This is consistent with another study, which reports that 
genes encoding components of the mitochondrial respiratory chain play an essential 
role in lipid storage (McKay, R. M., McKay, J. P., Avery, L., and Graff, J. M. (2003) 
Dev. Cell 4, 131–142).  

Beside their key role in ATP production, mitochondria constitute the primary source 
of reactive oxygen species (ROS) generation in many cells. Indeed, during respiration, a 
small but significant proportion of O2 molecules are converted to superoxide anion 
radical  O2

.- by complex I and complex III according to their steady state reduction. This 
radical is subsequently diverted into secondary products such as hydrogen peroxide 
(H2O2) and hydroxyl radical (·OH) via O2

.-  dismutation and Fenton reaction, respectively. 
The continuous and high generation of mitochondrial ROS has generally been considered 
in the context of degenerative diseases and aging (Cadenas, E., and Davies, K. J. (2000) 
Free Radic. Biol. Med. 29, 222–230).  

However, the concept that according to the yield and the time course of mitochondrial 

ROS generation they also function as physiological signaling molecules is now accepted 
(Casteilla, L., Rigoulet, M., and Pénicaud, L. (2001) IUBMB Life 52, 181–188) (Finkel, 
T. (1998) Curr. Opin. Cell Biol. 10, 248–253) (Nemoto, S., Takeda, K., Yu, Z. X., 
Ferrans, V. J., and Finkel, T. (2000) Mol. Cell. Biol. 20, 7311–7318).  

For instance, various reports indicate that mitochondrial ROS act as a second 
messenger in the O2 sensing mechanism to trigger erythropoietin and vascular 

endothelium growth factor gene transcription via hypoxia-inducible factor-1 (HIF-
1) (Chandel, N. S., McClintock, D. S., Feliciano, C. E., Wood, T. M., Melendez, J. A., 
Rodriguez, A. M., and Schumacker, P. T. (2000) J. Biol. Chem. 275, 25130–25138).  



Previously, Carriere demonstrated that mitochondrial ROS influence the size of the white 
preadipocyte pool (Carrière, A., Fernandez, Y., Rigoulet, M., Pénicaud, L., and Casteilla, 
L. (2003) FEBS Lett. 550, 163–167). This led Carriere to postulate that mitochondrial 
ROS could also participate in adipocyte differentiation. 

Whatever the strategies used, changes of mitochondrial ROS generation are 
systematically closely and inversely associated with the modulation of adipocyte 
differentiation. This clearly demonstrates a great sensitivity of adipocyte differentiation 

to mitochondrial ROS generation, which strongly participates in the control of this 
process. 

Mitochondrial ROS are generated according to the constraints on respiratory chain 
components. They are proposed as a metabolic sensor to adapt the cell fate to the 
metabolic environment but also as a component of the O2 sensing mechanism. The 
relationship between hypoxia and ROS is controversial.  

7.1.4   Two models for EMOD production 

In a first model, ROS are generated by a membrane-bound NADP(H) oxidase in direct 

proportion to the O2 concentration, and a decrease in ROS generation thus triggers 
hypoxia-dependent effects (Fandrey, J., Frede, S., and Jelkmann, W. (1994) Biochem. J. 
303, 507–510).  

In a second model, hypoxia partially inhibits mitochondrial electron transport, producing 
redox changes in the electron carriers that increase ROS generation (Chandel, N. S., 
McClintock, D. S., Feliciano, C. E., Wood, T. M., Melendez, J. A., Rodriguez, A. M., 
and Schumacker, P. T. (2000) J. Biol. Chem. 275, 25130–25138).  

One might assume that measurement of ROS levels could be sufficient to distinguish 
between the two models (Semenza, G. L. (1999) Cell 98, 281–284).  

In Carriere’s conditions, hypoxia induced an increase in ROS generation in confluent 
preadipocytes, validating the second model. Hypoxia-dependent inhibition of adipocyte 
differentiation was associated with an increase of HIF-1  and CHOP-10/GADD153 

protein content. All these hypoxia effects were prevented by the addition of 
antioxidants suggesting that mitochondrial ROS must be at the origin of hypoxia 
signaling pathways in adipose cells.  

This study clearly demonstrates that mitochondrial ROS must be considered as 
antiadipogenic signaling molecules. Carriere also suggest that mitochondrial ROS and 
CHOP-10/GADD153 belong to the intracellular O2 sensing mechanism of adipose cells. 
This signaling pathway could be involved in limiting growth of adipose tissue as 
described in other tissues (Genbacev, O., Zhou, Y., Ludlow, J. W., and Fisher, S. J. 
(1997) Science 277, 1669–1672) (Liebermann, D. A., and Hoffman, B. (2002) Leukemia 
16, 527–541).  



Moreover, ROS generation linked to mitochondrial dysfunction could be directly 

involved in adipose tissues alterations associated with metabolic disorders (Schrauwen, 
P., and Hesselink, M. K. C. (2004) Diabetes 53, 1412–1417).  

Taken together, these data emphasize the importance of mitochondria and ROS in 
white adipose tissue development and function. 

 
 

 

 
Pharmacological strategies used to modulate mitochondrial ROS generation. A, 
approximately 1–3% of the O2 consumed by the mitochondrial electron transport chain is 
incompletely metabolized and reduced into superoxide anion ( ) at the level of 
complexes I and III.   is subsequently diverted into other ROS as H2O2. B, antimycin 
inhibits complex III, inducing the accumulation of electrons and so increasing 
generation. The use of antioxidants (MnTBAP and PDTC) in combination with antimycin 
prevents this increase of ROS generation. C, the mitochondrial uncoupler CCCP 
increases electron flux into the respiratory chain and so enhances the accumulation of 
electrons at complex III compared with antimycin alone. D, rotenone as well as propofol 
inhibits complex I, but the latter also can powerfully scavenge free radicals at the site of 

 generation. (Mitochondrial reactive oxygen species control the transcription factor 
CHOP-10/GADD153 and adipocyte differentiation: a mechanism for hypoxia-dependent 
effect. Carriere A, Carmona MC, Fernandez Y, Rigoulet M, Wenger RH, Penicaud L, 
Casteilla L. J Biol Chem. 2004 Sep 24;279(39):40462-9). 

7.1.5   EMODs regulate hypothalamic glucose sensing 

The physiological signaling mechanisms that link glucose sensing to the electrical activity 
in metabolism-regulating hypothalamus are still controversial. Although ATP production 
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was considered the main metabolic signal, recent studies show that the glucose-stimulated 

signaling in neurons is not totally dependent on this production. Here, Leloup examined 
whether mitochondrial reactive oxygen species (mROS), which are physiologically 
generated depending on glucose metabolism, may act as physiological sensors to monitor 
the glucose-sensing response. Transient increase from 5 to 20 mmol/l glucose stimulates 
reactive oxygen species (ROS) generation on hypothalamic slices ex vivo, which is 
reversed by adding antioxidants, suggesting that hypothalamic cells generate ROS to 
rapidly increase glucose level. Furthermore, in vivo, data demonstrate that both the 
glucose-induced increased neuronal activity in arcuate nucleus and the subsequent 
nervous-mediated insulin release might be mimicked by the mitochondrial complex 

blockers antimycin and rotenone, which generate mROS. Adding antioxidants such as 
trolox and catalase or the uncoupler carbonyl cyanide m-chlorophenylhydrazone in 
order to lower mROS during glucose stimulation completely reverses both 
parameters. In conclusion, the results presented clearly show that the brain glucose-
sensing mechanism involved mROS signaling. We propose that this mROS production 
plays a key role in brain metabolic signaling (Mitochondrial Reactive Oxygen Species 
Are Required for Hypothalamic Glucose Sensing. Corinne Leloup et al. Diabetes 
55:2084-2090, 2006). Theoretically, this indicates that antioxidants could block brain 
glucose sensing and could be extremely dangerous. 
 
7.2.0   Oxygen needs of the brain 
 
The brain is like a chemical battery of ATP which must be constantly recharged. The 
brain has no energy stores of its own except for a small amount of glycogen in astrocytes. 
Anaerobic glycolysis of this glycogen is insufficient to meet energy needs. Fatty acids 
cannot be used because theyare not transported across brain capillaries. Brain cells have 
no back up energy source such as creatine phosphate that muscle cells have. 
Consequently, energy for recharging the ATP battery is derived exclusively from 
oxidative phosphorylation of glucose. Thus, the brain depends on a second by second 
supply of oxygen and glucose by the blood. A drop in cerebral perfusion, hypoxia, 
hypoglycemia, and severe anemia can cause a critical shortage of energy (energy 
crisis). 
 
Free radicals, lactic acid, cerebral edema, and inflammation cannot develop in 
unperfused, completely ischemic tissue. They develop following reperfusion. In an 
ironic sense, the brain has to be alive in order for the changes of neuronal death to 
develop. Thus, reperfusion is a double-edged sword. Without it, there is no hope for 
recovery. On the other hand, reperfusion causes additional (delayed) neuronal injury, 
brings monocytes to the site of injury, and sustains the glial and vascular reactions that 
follow (MacDonald JF, Xiong ZG, Jackson MF. Paradox of Ca2+ signaling, cell death 
and stroke. Trends Neurosci. 2006;29:75-81). 
 
Suppose that someone has a brief episode of global ischemia, say from fainting. Within 
seconds, energy failure causes electrical activity in neurons to cease and the patient 
loses consciousness. Neurons and glial cells are viable and, if circulation is promptly 
restored, the patient returns to normal. If, however, ischemia lasts longer, first the 



integrity of cell membranes will be compromised and then cellular metabolism will cease 
and neurons will die. Ischemia lasting 4-5 minutes can damage irreversibly 
hippocampal and neocortical pyramidal cells, striatal neurons, and Purkinje cells. 
More protracted ischemia can damage thalamic and brainstem neurons (Dirnagl U, 
Iadecola C, Moskowitz MA. Pathobiology of ischaemic stroke: an integrated view. 
Trends Neurosci. 1999;22:391-7). 
 
Structural and functional integrity of brain function profoundly depends on a regular 
oxygen and glucose supply. Any disturbance of this supply becomes life threatening and 
may result in severe loss of brain function. In particular, reductions in oxygen availability 
(hypoxia) caused by systemic or local blood circulation irregularities cannot be tolerated 
for longer periods due to an insufficient energy supply to the brain by anaerobic 
glycolysis. Hypoxia has been implicated in central nervous system pathology in a number 
of disorders including stroke, head trauma, neoplasia and neurodegenerative disease. 
Complex cellular oxygen sensing systems have evolved for tight regulation of oxygen 
homeostasis in the brain. In response to variations in oxygen partial pressure (PO·) these 
induce adaptive mechanisms to avoid or at least minimize brain damage. 
 
Some of the following was abstracted from work by Robert Copeland of Howard 
University. 

• Blood Oxygen Content  
o oxygen in blood is carried primarily in chemical combination with 

hemoglobin and to a small extent in physical solution in plasma.  
o When fully saturated, each gram of hemoglobin binds about 1.3 ml of 

oxygen.  
o Hemoglobin is about 98% saturated when air is breathed under normal 

circumstances  

• Prepulmonary Hypoxia. Hypoxia can be caused by inadequate delivery of 
oxygen to the lung.  

o results from inadequate ventilation brought about by airway obstruction 
(laryngospasm, bronchospasm), muscular weakness (disease or 
neuromuscular-blocking drugs), or impaired respiratory drive [central 
nervous system (CNS) disease, opioids, anesthetics].  

• Pulmonary Hypoxia - abnormal pulmonary function can impair oxygenation of 
the blood.  

o mismatch between ventilation and perfusion- (e.g., adult respiratory 
distress syndrome, asthma, emphysema).  

o thickened barrier to diffusion and intrapulmonary shunting of venous 
blood (fibrosis, pulmonary edema).  

• Postpulmonary Hypoxia –  
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o inadequate delivery of oxygen to tissues may be the result of low cardiac 
output (shock), maldistribution of cardiac output (sepsis, vascular 
occlusion)  

o an inadequate concentration of oxygen in arterial blood (anemia, 
hemoglobinopathies, carbon monoxide poisoning).  

The tissues may be unable to extract or utilize sufficient oxygen. This may result from an 
unusually high metabolic demand (thyrotoxicosis, hyperpyrexia) or to malfunction of 
cellular enzyme systems (cyanide poisoning). 

• The CNS is least able to tolerate hypoxia. Hypoxia is accompanied initially by 
decreased intellectual capacity and impaired judgment and psychomotor ability; 
this state progresses to confusion and restlessness and ultimately to stupor, 
coma, and death as the PaO2 decreases below 30 to 40 mm Hg.  

Adaptation to Hypoxia  

• Long-term hypoxia results in adaptive physiological changes  
o increased numbers of pulmonary alveoli, increased concentrations of 

hemoglobin in blood and myoglobin in muscle, and a decreased 
ventilatory response to hypoxia  

o Short-term exposure to altitude produces similar adaptive changes  

• Acute exposure - "mountain sickness“  
o a syndrome characterized initially by headache, nausea, dyspnea, and 

impaired judgment, progressing to pulmonary and cerebral edema  
o Mountain sickness is treated by inhalation of oxygen, descent to lower 

altitude, or by an increase in ambient pressure. Treatment with diuretics 
(carbonic anhydrase inhibitors) and steroids also may be helpful.  

Effects on CNS  

• Central Nervous System. CNS oxygen toxicity does not occur when the 
partial pressure of inspired oxygen is less than 2 atmospheres; its occurrence 
is thus limited to a small number of hyperbaric applications.  

• CNS toxicity is observed before pulmonary toxicity when oxygen is administered 
at partial pressures above 2.5 atmospheres  

• characterized by convulsions, which may be preceded by visual symptoms or 
muscular twitching  

 
Hypoxic adaptation encompasses an immediate depolarization block by changing 
potassium, sodium and chloride ion fluxes across the cellular membrane, a general 
inhibition of protein synthesis, and HIF-mediated upregulation of gene expression of 
enzymes or growth factors inducing angiogenesis, anaerobic glycolysis, cell survival 
or neural stem cell growth. However, sustained and prolonged activation of the HIF 



pathway may lead to a transition from neuroprotective to cell death responses. This is 
reflected by the dual features of the HIF system that include both anti- and 
proapoptotic components (Cellular oxygen sensing need in CNS function. T. Acker and 
H. Acker. The Journal of Experimental Biology 207, 3171-3188). 
 
Under physiological conditions the arterial PO· is about 90·mmHg. However, differences 
in vascularization, tissue diffusion properties and cell-specific oxygen consumption most 
likely account for the heterogeneous PO· distribution seen within the brain, resulting in 
tissue PO· levels from 90·mmHg down to 1·mmHg. By adjusting the vascular tone, 
perfusion is kept constant over a wide range of blood pressures, a process termed 
cerebral autoregulation. Autoregulation of cerebral blood flow provides a powerful 
mechanism to counteract regional imbalances in oxygen supply. 
 
Neonatal rats survive and avoid brain injury during periods of anoxia up to 25 times 
longer than adults, most likely due to a hypoxia-suppressed N-methyl-D-aspartate 
receptor response to glutamate excitotoxicity.  
 
It is believed that approximately 1–1.5% of the genome is transcriptionally regulated 
by hypoxia. However, significant heterogeneity in the transcriptional response to 
hypoxia is observed between different cell types. Subjecting animals to a brief and 
moderate episode of hypoxia/ischemia elicits an autoprotective response, which results in 
protection against a subsequent prolonged ischemic event, a phenomenon termed 
preconditioning. Preconditioning is likely to involve adaptive changes in gene 
expression to activate the endogenous protective mechanism, as it generally takes several 
hours to days after a preconditioning episode to attain a state of tolerance. 
 
Regions of low oxygen tension are commonly found in malignant tumors and are 
associated with increased frequency of tumor invasion and metastasis and a poor therapy 
outcome. It is interesting to note that in highly invasive glioblastoma multiforme, the 
most malignant and particular hypoxic brain tumor entity, single tumor cells with high-
level HIF expression have been detected at the leading tumor invasion front. 
 
7.2.1   EMODs and brain function 
 
Apart from toxic accumulation during reoxygenation periods ROS have been implicated 
as intracellular second messengers (reviewed in Lander, 1997; Nordberg and Arner, 
2001). Various studies have demonstrated their influence on intracellular functions in 
oxygen signaling. Reports on HIF functions are particularly perplexing, since different 
outcomes on HIF activity have been observed depending on whether ROS are part of a 
normoxic, hypoxic or growth factor signaling cascade response, and further complicated 
by contradictory reports as to whether ROS decrease or increase with decreasing O2 
concentrations (reviewed by Fandrey and Genius, 2000). 
 
ROS visualization and measurement is technically challenging, which explains why the 
majority of studies rely on either depleting the cells of ROS by antioxidant treatment 
or increasing ROS by application of pro-oxidants. These studies have documented an 
enhanced HIF-a protein/HIFreporter gene expression upon ROS decrease under 



normoxic (Salceda and Caro, 1997; Canbolat et al., 1998; Wartenberg et al., 2003; 
Görlach et al., 2003; Liu et al., 2004) and an attenuated HIF-a protein/HIF-reporter gene 
expression upon ROS increase under hypoxic conditions (Wang et al., 1995a; Huang et 
al., 1996; Fandrey et al., 1997; Wiesener et al., 1998; Canbolat et al., 1998; Wartenberg 
et al., 2003; Görlach et al., 2003). One recent study provided further evidence for an ER 
based OH. production in regulating HIF degradation, mediated by the Fenton reaction 
(Liu et al., 2004). These observations are in line with the concept that declining O2 
concentrations trigger the hypoxia response as a result of decreased ROS intermediate 
production. 
 
ROS have, for example, been shown to interfere with mitochondrial function, affecting 
enzymes of the Krebs cycle at the level of a-ketoglutarate dehydrogenase (KGDH) and 
SDH (Nulton-Persson and Szweda, 2001), which may influence 2-oxoglutarate levels. 
 
In contrast, during hypoxic events, mitochondria have been suggested to be the 
major source of ROS formation at complex III (Chandel et al., 1998) aiding HIF-a 
stabilization (Chandel et al., 2000; Hirota and Semenza, 2001). The issue of 
mitochondrial ROS formation is controversial, however, as other groups have 
reported that the decreasing mitochondrial membrane potential is 
associated with a reduction in mitochondrial ROS formation (Lee, I., 
Bender, E., Arnold, S. and Kadenbach, B. (2001). New control of mitochondrial 
membrane potential and ROS formation – a hypothesis. Biol. Chem. 382, 1629-1636.) 
(Jones, R. D., Hancock, J. T. and Morice, A. H. (2000). NADPH oxidase: a 
universal oxygen sensor? [Review]. Free Radic. Biol. Med. 29, 416-424).  
 
Other reports have shown a general ROS decrease in hypoxia (Görlach, 
A., Berchner-Pfannschmidt U., Wotzlaw C., Cool R. H., Fandrey, J., Acker, H., 
Jungermann K. and Kietzmann T. (2003). Reactive oxygen species modulate HIF-1 
mediated PAI-1 expression:  Involvement of the GTPase Rac1. Thromb. Haem. 89, 926-
935) and further documented that a functioning mitochondrial respiratory chain may not 
be necessary for HIF-a regulation (Vaux et al., 2001; Srinivas et al., 2001). Contrary to 
the common view, I believe that this is saying that some investigators have 
found that EMODs decrease during hypoxia, instead of increasing. 
 
The different subcellular localizations of the putative oxygen-sensing systems 
(cytochrome c, a592 in mitochondria, NADPH-oxidase in cell membrane, PHD in 
cytoplasm and nucleus, FIH in cytoplasm) should be taken into account. Thus, specific 
oxygen-sensing cascades may, by means of their different oxygen sensitivities, 
cell-specific and subcellular localization, help to tailor various adaptive and dynamic 
responses according to differences in tissue oxygen availability. 
 
7.2.2   EMODs and the brain 
 
The brain is particularly vulnerable to oxidative stress due to its high consumption 
of oxygen and glucose, enrichment in unsaturated fatty acids that are subject to 
oxidation, and presence of regions enriched in iron and ascorbate that are potent 



pro-oxidants for brain membranes. Moreover, higher levels of glucose upregulate the 
neuroinflammatory process measured as induction of iNOS and NO production. Coupled 
with the relatively reduced antioxidant defenses in the brain, exposure of brain cells to 
reactive oxygen or nitrogen species can be detrimental and is thought to contribute to the 
pathogenesis of many brain disorders [Floyd RA: Antioxidants, oxidative stress, and 
degenerative neurological disorders. Proc Soc Exp Biol Med 1999, 222(3):236-245]. Yet, 
the brain can function normally for a century. 
 
All aerobic organisms are susceptible to oxidative stress simply because semireduced 
oxygen species, superoxide and hydrogen peroxide, are produced by mitochondria during 
respiration (Chance B, Sies H, Boveris A. Hydroperoxide metabolism in mammalian 
organs. Physiol Rev 59:527–605, 1979). 
 
 The exact amount of ROS produced is considered to be about 2% of the total oxygen 
consumed during respiration, but it may vary depending on several parameters. Brain is 
considered abnormally sensitive to oxidative damage and in fact early studies 

demonstrating the ease of peroxidation of brain membranes supported this notion 
(Zaleska MM, Floyd RA. Regional lipid peroxidation in rat brain in vitro: Possible role of 
endogenous iron. Neurochem Res 10:397–410, 1985). 
 
Brain is enriched in the more easily peroxidizable fatty acids (20:4 and 22:6), 
consumes an inordinate fraction (20%) of the total oxygen consumption for its 
relatively small weight (2%), and is not particularly enriched in antioxidant defenses 
(Floyd RA, Carney JM. Free radical damage to protein and DNA: Mechanisms involved 
and relevant observations on brain undergoing oxidative stress. Ann Neurol 32:S22–S27, 
1992).  
 
In fact, brain is lower in catalase activity, about 10% of liver (Marklund SL, Westman 
NG, Lundgren E, Roos G. Copper- and zinc-containing superoxide dismutase, 
manganese-containing superoxide dismutase, catalase, and glutathione peroxidase in 
normal and neoplastic human cell lines and normal human tissues. Cancer Res 42:1955–
1961, 1982).  
 
Additionally, human brain has higher levels of iron (Fe) in certain regions and in 
general has high levels of ascorbate. Thus, if tissue organizational disruption occurs, the 
Fe/ascorbate mixture is expected to be an abnormally potent pro-oxidant for brain 
membranes (Zaleska MM, Nagy K, Floyd RA. Iron-induced lipid peroxidation and 
inhibition of dopamine synthesis in striatum synaptosomes. Neurochemistry 14:597–605, 
1989).  
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General summary of why the brain is poised to undergo oxidative damage. Under normal 
conditions, oxidative stress is held in check; however, specific insults such as a stroke or 
general aging will induce oxidative damage (Antioxidants, Oxidative Stress, and 
Degenerative Neurological Disorders. Robert A. Floyd. Proceedings of the Society for 
Experimental Biology and Medicine 222:236-245 (1999).  
 
7.2.3   H2O2 production from isolated brain mitochondria is 2% of O2 consumed 
 
Rigorous measurement of H2O2 production from isolated brain 

mitochondria shows that it amounts to about 2% of the total oxygen 
consumed when NADH supplies the reducing equivalents ( Hensley K, Pye 
QN, Maidt ML, Stewart CA, Robinson KA, Jaffrey F, Floyd RA. Interaction of -phenyl-
N-tert-butyl nitrone and alternative electron acceptors with complex I indicates a 
substrate reduction site upstream from the rotenone binding site. J Neurochem 71:2549–
2557, 1998). I believe this indicates that the brain should be undergoing constant 
and rapid lipid peroxidation but it does not.  In effect, this means that the brain is 
constantly bathed throughout with peroxide. 
 
 In addition to mitochondria, additional sources of ROS include mixed function oxidases 
as well as other oxidative processes. Of particular importance to brain is the H2O2 
produced by oxidative deamination of catecholamines. Relative to this point, the 
DATATOP clinical trial for Parkinson's disease, which included deprenyl, a 
monamine oxidase B inhibitor, along with vitamin E, was designed in part to arrest 
oxidative stress on two fronts ( Shoulson I, Fahn S, Kieburtz K, Lang A, Langston JW, 
Olanow CW. Effects of tocopherol and deprenyl on the progression of disability in early 
Parkinson's disease. N Engl J Med 328:176–183, 1993).  
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Deprenyl itself showed efficacy, but vitamin E alone did not. It is not known if deprenyl 
suppressed oxidative damage in the Parkinson's subjects or alternatively if vitamin E 
suppressed oxidative stress and yet was not effective. Lack of real time in situ assessment 
of oxidative damage to specific targets makes it more difficult to evaluate these critical 
questions rigorously. 
 
The general antioxidant properties of PBN, -phenyl-tert-butyl nitrone, are certainly not 

very impressive. When compared to butylated hydroxy toluene or trolox in three different 
rat liver microsomal lipid peroxidation systems, Janzen et al. ( Janzen EG, West MS, 
Poyer JL. Comparison of antioxidant activity of PBN with hindered phenols in initiated 
rat liver microsomal lipid peroxidation. In: Asada K, Yoshikawa T, Eds. Frontiers of 
Reactive Oxygen Species in Biology and Medicine. New York: Elsevier Science, pp431–
446, 1994), demonstrated that PBN was in general about 1000-fold less effective than 
these widely used powerful antioxidants in preventing lipid peroxidation. So it appears 

that the neuroprotective activity of PBN can not be ascribed to its direct antioxidant 
properties per se. 
 
If neuroinflammatory events are active in the Alzheimer's brain, then enhanced signal 
transduction processes should be occuring. Cells respond to stimuli, whether they are 
environmental agents, mitogens, pro-inflammatory cytokines, or other unknown agents by 
receptor-mediated enhanced protein phosphorylation (MAP) kinase cascades. Protein 
MAP kinases mediate phosphorylation of sequential proteins, and in many cases the 
subsequent phosphorylated protein then becomes a protein kinase itself.  
 
The fact that H2O2 activates p38 is a novel observation. Data show that treatment of 
astrocytes with IL-1ß caused formation of H2O2 by these cells, and PBN suppressed 
the production of H2O2. These observations imply that treatment of astrocytes with IL-1ß 

sets in motion events such as production of second messengers that activate mitochondria 
to produce H2O2 and that PBN acts to suppress these events. One simple interpretation is 
that PBN acts on the mitochondria to prevent enhanced production of H2O2. PBN has 
been shown to be capable of suppressing H2O2

 production at Site 1 in isolated brain 
mitochondria ( Hensley K, Pye QN, Maidt ML, Stewart CA, Robinson KA, Jaffrey F, 
Floyd RA. Interaction of -phenyl-N-tert-butyl nitrone and alternative electron acceptors 
with complex I indicates a substrate reduction site upstream from the rotenone binding 
site. J Neurochem 71:2549–2557, 1998). 
 
Since results showed that several neurodegenerative conditions are associated with 
enhanced ROS and RNS formation, it is quite likely that more antioxidant-based potential 
therapeutics will be forthcoming. As noted earlier, even though there is compelling 

evidence showing the enhancement of oxidative damage under neurodegenerative 

conditions, results of clinical trials thus far clearly indicate that much more sophisticated 
knowledge is needed to understand why certain antioxidant-based trials are successful, 
and some are apparent failures. The failure of vitamin E in Parkinson's 

disease is one such example (Shoulson I, Fahn S, Kieburtz K, Lang A, Langston JW, 
Olanow CW. Effects of tocopherol and deprenyl on the progression of disability in early 
Parkinson's disease. N Engl J Med 328:176–183, 1993).  
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On the other hand, vitamin E clearly had a beneficial effect in an Alzheimer's disease 

clinical trial (Sano M, Ernesto MS, Thomas RG, Klauber MR, Schafer K, Grundman M, 
Woodbury P, Growdon J, Cotman CW, Pfeiffer E, Schneider LS. A controlled trial of 
selegiline, -tocopherol, or both as treatment for Alzheimer's disease. N Engl J Med 
336:1216–1222, 1997).  
 
It has been demonstrated recently that the antioxidant thioctic acid ( -lipoic acid) was not 
effective, but deprenyl was effective in improving cognitive function in a clinical trial of 
dementia associated with advanced HIV infection (Kieburtz K, et al. A randomized, 
double-blind, placebo-controlled trial of deprenyl and thioctic acid in human 
immunodeficiency virus–associated cognitive impairment. Neurology 50:645–651, 
1998). Although these three pathologies are certainly different, detailed knowledge as to 
why vitamin E failed in one and had some success in another and why thioctic acid failed 
is still an unsolved problem. I believe that antioxidants failed to prevent dementia 
because the free radical theory is wrong. 
 
7.2.4   Antioxidants fail to treat or prevent Parkinson’s disease 
 
Antioxidants and other supplements were studied for the prevention and treatment of 
Parkinson's disease (PD). Biomedical literature was accessed through MEDLINE (1996-
June 2005); key search terms included Parkinson's disease, coenzyme Q10 (CoQ10), 
antioxidants, supplements, and glutathione. Pertinent references cited in those articles 
were also evaluated for inclusion in this review.  

Three main antioxidants or supplements have been studied for use in the prevention or 
treatment of PD: tocopherol, CoQ10, and glutathione. These agents have been studied 
because of their potential to alter the course of 2 common theories of PD pathogenesis: 
free radical generation and mitochondrial complex-1 deficiency. The literature search 
revealed 3 large clinical studies of tocopherol (2 observational, 1 prospective 

randomized), 4 trials of CoQ10, and 1 study of glutathione. With the exception of the 
large observational studies with tocopherol and one study of CoQ10 that enrolled 80 
patients, each of the other studies retrieved included fewer than 30 patients and were 
conducted for 3 months or less. Antioxident supplementation, in particular tocopherol, 
did not appear to alter the course of PD. However, in 2 of the studies of CoQ10 and in the 
study of glutathione, a small but statistically significant improvement in PD symptoms 
was observed.  

CONCLUSIONS: At present, antioxidants and supplements appear to have a limited 
role in the prevention or treatment of PD. In other words, they failed. Of those 
reviewed here, CoQ10 appears to provide some minor treatment benefits. More study 
is necessary to determine whether CoQ10 has a significant role as primary or adjunctive 
therapy in PD (Antioxidants, Supplements, and Parkinson's Disease. Cynthia A Weber. 
The Annals of Pharmacotherapy: Vol. 40, No. 5, pp. 935-938).  
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7.2.5   Obesity is associated with reduced EMOD levels 

The role of inflammation and oxidative stress in the development of obesity and 
associated metabolic disorders is under debate. Galinier et al. investigated the redox 
metabolism in a non-diabetic obesity model, i.e. 11-week-old obese Zucker rats. 
Antioxidant enzyme activities, lipophilic antioxidant ( -tocopherol, coenzymes Q) and 
hydrophilic antioxidant (glutathione, vitamin C) contents and their redox state (% 
oxidized form), were studied in inguinal white fat and compared with blood and liver. 
The adipose tissues of obese animals showed a specific higher content of 
hydrophilic molecules in a lower redox state than those of lean animals, which 
were associated with lower lipophilic molecule content and lipid peroxidation. 
Conversely and as expected, glutathione content decreased and its redox state increased in 
adipose tissues of rats subjected to lipopolysaccharide-induced systemic oxidative stress. 
In these in vivo models, oxidative stress and obesity thus had opposite effects on adipose 
tissue redox state. Moreover, the increase in glutathione content and the decrease of 
its redox state by antioxidant treatment promoted in vitro the accumulation of 
triglycerides in preadipocytes. Taken together and contrary to the emergent view, our 
results suggest that obesity is associated with an intracellular reduced 
redox state that promotes on its own the development of a deleterious 
proadipogenic process (Adipose Tissue Proadipogenic Redox Changes in Obesity. Anne 
Galinier et al. J. Biol. Chem., Vol. 281, Issue 18, 12682-12687, May 5, 2006). 

7.2.6   Obesity increases risk of prostate cancer relapse 

After surgery to remove a cancerous prostate, the malignancy is more likely to recur 
among obese men than in those of normal weight, a new study shows.  The effect of 
obesity on prostate cancer incidence and recurrence is "controversial," Dr. Christopher J. 
Kane of the University of California at San Francisco and colleagues say in the medical 
journal Urology. However, they note, two recent look-back studies found recurrence of 
the disease was more common among obese men (12/06/05  Urology, November 2005). 

To investigate this further, the researchers evaluated data on 2,131 men who had 
undergone radical prostatectomy, i.e., removal of the prostate. Twelve percent of men 
developed recurrent disease during follow-up over an average of 23 months.  There was 
a significant association between body mass index (BMI) and disease recurrence after 
factoring in the effect of ethnicity, age and other conditions, the researchers found. 

Men with BMIs of 35 or greater were 69 percent more likely to have recurrence of 
prostate cancer than men whose BMIs were 25 or less (normal weight). Men with BMIs 
greater than 30 had a 31 percent increased risk of recurrence than men with lower 
BMIs. 

There are a number of potential mechanisms through which obesity could promote 
prostate recurrence, the researchers note, from the effect of excess fat on hormone levels 
to the difficulty of operating on obese patients.  I believe that the increased recurrence 
is due to the effect of obesity on reducing EMODs and thus, allowing for recurrence. 



"Obese individuals undergoing radical prostatectomy require vigilant follow-up 
care," the researchers write.  "Continued research is necessary," they add, "to evaluate 
the efficacy of other treatments in obese patients with prostate cancer, as well as to clarify 
how prostate cancer recurrence affects survival in obese patients." 

I believe that this is telling us that obesity is associated with decreased EMOD levels 
and thus, these patients are at an increased risk for the development of EMOD 
insufficiency syndrome diseases, such as cancer and diabetes. 

Researchers said on 6/25/06 that they have found a virus in the prostates of some 
cancer patients, a remarkable discovery that may suggest disease could play a role 
alongside genetics and the environment in causing this cancer. The virus, closely related 
to one previously found only in mice, was found in cancerous prostates removed from 
men with a certain genetic defect. The findings open new avenues for studying the most 
common major cancer among men in the United States. Infectious-disease-causing 
viruses are already blamed for some liver cancers and cervical cancer. That has 
planted nagging suspicions in the minds of scientists that some diseases may play 
important roles alongside genetics, environment and chance in causing breast, stomach 
and several other forms of cancer. 

Researchers are not sure how the mouse virus infected people, but they suspect it has 
been passed on genetically for many generations. 

7.2.7   Losing weight may reduce prostate cancer risk 

Men who lose weight in adulthood seem to lower their risk of getting aggressive prostate 
cancer, according to a new American Cancer Society study. The study is the first to link 
weight loss to a reduced risk of this disease. Prostate cancer is the most common 
cancer (other than skin cancer) among men in the US. More than 234,000 men are 
expected to develop prostate cancer in 2006, and some 27,000 are expected to die 
from it. Although most men who get prostate cancer survive the disease, its treatments 
can cause side effects like impotence and incontinence that can reduce quality of life. The 
new finding suggests that losing weight -- or never gaining it in the first place -- may be 
one way to reduce the toll prostate cancer takes. 

Many previous studies have examined the link between excess weight and prostate 
cancer. Several of those have found that heavier men -- those with a high body mass 
index (BMI) -- are more likely to be diagnosed with more advanced prostate cancer 
and more likely to have a recurrence of the disease after treatment than are men of 
normal weight. But it wasn't clear whether losing weight would have an impact on the 
development of prostate cancer. 

The new study followed nearly 70,000 men who were part of a larger American Cancer 
Society lifestyle study called the Cancer Prevention Study II, which began in 1982. The 
men answered periodic questionnaires about their habits (diet, exercise, smoking, etc.) 
and reported their height and weight, which were used to calculate BMI. The researchers 
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analyzed the relationship between BMI and different types of prostate cancer in men who 
developed the disease between 1992 and 2003. The results were published in "Body 
Mass Index, Weight Change, and Risk of Prostate Cancer in the Cancer Prevention Study 
II Nutrition Cohort." Published online Dec. 20, 2006, in Cancer Epidemiology, 
Biomarkers & Prevention. First author: Carmen Rodriguez, MD, MPH, American Cancer 
Society.  

More than 5,000 men developed prostate cancer between1992 and 2003. Men with 
higher BMI had a higher risk of developing high-grade (more aggressive) prostate 
cancer, though their risk of developing low-grade prostate cancer decreased. Heavier 
men also had a higher risk of developing metastatic or fatal prostate cancer. But men who 
lost at least 11 pounds between 1982 and 1992 had a lower risk of developing prostate 
cancer, especially high-grade cancer, compared to men whose weight stayed within 5 
pounds of what it was in 1982. 

The researchers say several factors could be causing this effect. It may have to do with 
the way obesity affects testosterone or insulin levels in the body. Or it may be that 
obese men don't get screened as often (screening was lower among heavier men in the 
study), so their prostate cancers are detected later. Obese men also tend to have lower 
PSA levels, which may obscure prostate cancer until it is more advanced. They also have 
larger prostates, which makes finding cancer with a biopsy harder to do. I believe that 
this indicates that the presence of the lipid and their double bonds, which serve for 
EMOD traps, there is an EMOD insufficiency which allows for the development of 
cancer. This is a pattern which I have seen repeatedly. 

"Our study adds to increasing evidence of the importance of maintaining a healthy weight 
throughout adult life," she explains. "Although our study suggests that weight loss may 
lower the risk of aggressive prostate cancer, given the difficulty of losing weight, 
emphasis should be put on the importance of avoiding weight gain to reduce the risk of 
prostate cancer." 

7.2.8   Molecular link between obesity and diabetes found 

Scientists have discovered a molecular link between obesity and type 2 diabetes that 
could be a potential target for new drugs to treat the disease. They found that a protein 
released by fat tissue in mice causes insulin resistance, a primary risk factor for 
diabetes. Elevated levels of the protein had also previously been detected in patients 
suffering from diabetes. 

“Being resistant to insulin is one of the major causes of diabetes,” said Dr Barbara Kahn 
of Beth Israel Deaconess medical Center in Boston, Massachusetts, and the lead author of 
the research published in the science journal Nature. “And in the absence of diabetes, 
insulin resistance is a major risk factor for heart disease and early mortality.” 
Insulin, which is produced by the pancreas, regulates blood sugar levels. People with 
type 1 diabetes, which accounts for 10-25 percent of cases, do not produce any 
insulin that helps glucose, or sugar, from food get into cells. 



Type 2 diabetes, the most common form of the disease, is caused by an inability to make 
enough, or to properly use, insulin. About 90 percent of diabetes sufferers have type 2, 
which is linked to being overweight or obese. About 150 million people worldwide suffer 
from diabetes and the number may double by 2025, according to the World Health 
Organization. 

The scientists found the protein, called retinol binding protein (RBP4), by studying 
mice which had been genetically engineered to over or under produce another protein 
linked to insulin resistance. They also discovered that increasing levels of RBP4 caused 
insulin resistance while decreasing levels relieved the condition. In people who are obese 
or suffer from type 2 diabetes excess amounts of RBP4 are linked to the severity of 
insulin resistance. 

“There is a rapidly increasing epidemic of obesity and type 2 diabetes in the western 
world,” said Khan. “It is, therefore, clear that more effective treatment strategies are 
needed to prevent and treat diabetes. RBP4 could prove to be a novel target for 
developing anti-diabetic therapies,” she added.  

7.3.0    GREAT INTRODUCTION TO OBESITY 
 
I see that obesity is associated with inflammation, hypoxia, high levels of 
unsaturated fats, which can serve as a sink for enenophilic EMODs, thus producing 
an EMOD deficiency and it comorbidities. 
 
Obesity has connections with postmenopausal breast cancer and colon cancer. Still, the 
number of children, teens and men who were overweight or obese grew significantly 
between 1999 and 2004, according to a study from the Centers for Disease Control and 
Prevention published in the April 5, 2006 issue of the Journal of the American Medical 
Association. Women's obesity rate appears to have leveled off, the study found. 
 
Obesity is a multidisciplinary area, the 'biology' of which encompasses: (1) the 
fundamental mechanisms of energy balance and its regulation; (2) the biological basis for 
the development of obesity; (3) adipose tissue function; (4) the biological description of 
the obese state; (5) the pathological consequences of obesity; (6) the physiological basis 
for treatment strategies. At a mechanistic level, important developments in recent years 
include the identification of novel neuroendocrine factors in the control of appetite (such 
as cocaine- and amphetamine-regulated transcript, the orexins, the endocannabinoids) 
and the discovery of new peripheral signals (such as leptin, ghrelin). Despite the 
identification of additional uncoupling proteins (UCP2, UCP3), mitochondrial 
uncoupling in brown adipose tissue through UCP1 remains the only major mechanism for 
adaptive thermogenesis. White adipose tissue (WAT) has now moved centre stage in 
energy balance and obesity research, and there are three main reasons: (1) it is the organ 
which defines obesity; (2) it is the source of a critical endocrine signal in the control of 
body weight; (3) it secretes a range of diverse protein factors, termed adipokines, some of 
which are directly implicated in the pathologies associated with obesity. WAT is now 
recognised as a key endocrine organ, communicating both with the brain and peripheral 



tissues through the adipokines. Obesity is characterized by mild inflammation, 
and WAT may be the main locus of the inflammatory state, producing cytokines, 
chemokines, acute-phase proteins and angiogenic factors. It has been suggested that 
inflammation in obesity is principally an adaptive response to hypoxia 
in clusters of adipocytes within the expanding adipose mass (The biology 
of obesity. Trayhurn P. Proc Nutr Soc. 2005 Feb;64(1):31-8). This is supportive of my 
Unified Theory.  Obesity is inflammation, which is hypoxia, which results in an 
EMOD deficiency state and allows for the manifestation of atherosclerosis, diabetes, 
obesity, and cancer. 
 

Mounting evidence highlights the role of adipose tissue in the development of a systemic 
inflammatory state that contributes to obesity-associated vasculopathy and cardiovascular 
risk (Adipose Tissue, Inflammation, and Cardiovascular Disease. Anders H. Berg, 
Philipp E. Scherer. Circulation Research. 2005;96:939). 
 
White adipose tissue is now recognized to be a multifunctional organ; in addition to the 
central role of lipid storage, it has a major endocrine function secreting several hormones, 
notably leptin and adiponectin, and a diverse range of other protein factors. These various 
protein signals have been given the collective name 'adipocytokines' or 'adipokines'. 
However, since most are neither 'cytokines' nor 'cytokine-like', it is recommended that the 
term 'adipokine' be universally adopted to describe a protein that is secreted from (and 
synthesized by) adipocytes. It is suggested that the term is restricted to proteins secreted 
from adipocytes, excluding signals released only by the other cell types (such as 
macrophages) in adipose tissue. The adipokinome (which together with lipid moieties 
released, such as fatty acids and prostaglandins, constitute the secretome of fat cells) 
includes proteins involved in lipid metabolism, insulin sensitivity, the alternative 
complement system, vascular hemostasis, blood pressure regulation and angiogenesis, as 
well as the regulation of energy balance. In addition, there is a growing list of adipokines 
involved in inflammation (TNFalpha, IL-1beta, IL-6, IL-8, IL-10, transforming growth 
factor-beta, nerve growth factor) and the acute-phase response (plasminogen activator 
inhibitor-1, haptoglobin, serum amyloid A). Production of these proteins by adipose 
tissue is increased in obesity, and raised circulating levels of several acute-phase proteins 
and inflammatory cytokines has led to the view that the obese are characterized by a 
state of chronic low-grade inflammation, and that this links causally to insulin 
resistance and the metabolic syndrome. It is, however, unclear as to the extent to which 
adipose tissue contributes quantitatively to the elevated circulating levels of these factors 
in obesity and whether there is a generalized or local state of inflammation. The 
parsimonious view is that the increased production of inflammatory cytokines and acute-
phase proteins by adipose tissue in obesity relates primarily to localized events within the 
expanding fat depots. It is suggested that these events reflect hypoxia in parts of the 
growing adipose tissue mass in advance of angiogenesis, and involve the key controller 
of the cellular response to hypoxia, the transcription factor hypoxia inducible factor-1 
(Adipokines: inflammation and the pleiotropic role of white adipose tissue. Trayhurn P, 
Wood IS. Br J Nutr. 2004 Sep;92(3):347-55). 
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Obesity has been identified as an epidemic in the United States for more than two 
decades and yet the numbers of overweight and obese adults and children continue to 
grow. Currently, the rates of both overweight and obesity in the US are 61% and 14% in 
adults and children, respectively. Among US adults aged 20-74 years, the prevalence of 
overweight (defined as BMI 25.0-29.9) has increased from 33% in 1980 to 35% of the 
population in 1999. In the same population, obesity (defined as BMI >/= 30) has nearly 
doubled from approximately 15% in 1980 to an estimated 27% in 1999. The percentage 
of children and adolescents who are defined as overweight has more than doubled since 
the early 1970s. About 14% of children and adolescents are now seriously overweight. 
Obesity burdens the health care system, strains economic resources, and has far reaching 
social consequences. The disease is associated with several serious health 
conditions including: type 2 diabetes mellitus, heart disease, high blood 
pressure and stroke. It is also linked to higher rates of certain types of 
cancer. Obesity is an independent risk factor for heart disease, hypoxia, sleep apnea, 
hernia, and arthritis. Obesity is the seventh leading cause of death in the US. The total 
cost of overweight and obesity by some estimates is $100 billion annually. Others put the 
cost of health care for obesity alone at $70 billion. Other annual costs associated with 
obesity are 40 million workdays of productivity lost, 63 million doctors' office visits 
made, and 239 million restricted activity days and 90 million bed-bound days. Emotional 
suffering may be among the most painful aspects of obesity. American society 
emphasizes physical appearance and often equates attractiveness with slimness, 
especially for women. Such messages may be devastating to overweight people. Many 
think that obese individuals are gluttonous, lazy, or both, even though this is not true. As 
a result, obese people often face prejudice or discrimination in the job market, at school, 
and in social situations. Feelings of rejection, shame, or depression are common. Since 
the 1950s, national dietary recommendations have come to acknowledge obesity as a 
significant societal trend. The Surgeon General's 2001 Call To Action, Healthy People 
2010, and the Dietary Guidelines for Americans 2000 all emphasize the importance of 
healthy weight. There are some new tools available to help in the fight against 
overweight and obesity: Weight Control Information Network, The Third National 
Cholesterol Education Program's Adult Treatment Panel, and The Practical Guide: 
Identifi-cation, Evaluation, & Treatment of Overweight & Obesity in Adults from the 
National Institutes of Health and National Heart Lung and Blood Institute (Causes and 
consequences of adult obesity: health, social and economic impacts in the United States. 
Wellman NS, Friedberg B. Asia Pac J Clin Nutr. 2002 Dec;11 Suppl 8:S705-9). 
 
Obesity is becoming a global epidemic in both children and adults, and it is 
associated with numerous co-morbidities such as cardiovascular diseases (CVD), 
type 2 diabetes, hypertension, certain cancers, and sleep apnea/sleep-disordered 
breathing. In fact, it is an independent risk factor for CVD and CVD risks have been also 
documented in obese children, and is associated with reduced life expectancy. A variety 
of adaptations/alterations in cardiac structure and function occur in the individual as 
adipose tissue accumulates in excess amount. As a whole, overweight/obesity predispose 
or is associated with numerous cardiac complications such as coronary heart disease, 
heart failure, and sudden death through its impact on the cardiovascular system (Obesity 
and Cardiovascular Disease: Pathophysiology, Evaluation, and Effect of Weight Loss. 
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Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, Pi-Sunyer FX, Eckel RH. Arterioscler 
Thromb Vasc Biol. 2006 May;26(5):968-976). I believe that this is all interrelated to 
obesity, hypoxia, inflammation of adipocytes, decreased EMOD production, etc. 
 
Obesity is a principal causative factor in the development of metabolic syndrome. 
Here we report that increased oxidative stress in accumulated fat is an important 
pathogenic mechanism of obesity-associated metabolic syndrome. Fat accumulation 
correlated with systemic oxidative stress in humans and mice. Production of ROS 
increased selectively in adipose tissue of obese mice, accompanied by augmented 
expression of NADPH oxidase and decreased expression of antioxidative enzymes. In 
cultured adipocytes, elevated levels of fatty acids increased oxidative stress via NADPH 
oxidase activation, and oxidative stress caused dysregulated production of adipocytokines 
(fat-derived hormones), including adiponectin, plasminogen activator inhibitor–1, IL-6, 
and monocyte chemotactic protein–1. Finally, in obese mice, treatment with NADPH 
oxidase inhibitor reduced ROS production in adipose tissue, attenuated the dysregulation 
of adipocytokines, and improved diabetes, hyperlipidemia, and hepatic steatosis. 
Collectively, our results suggest that increased oxidative stress in accumulated fat is an 
early instigator of metabolic syndrome and that the redox state In adipose tissue is a 
potentially useful therapeutic target for obesity-associated metabolic syndrome. 
(Increased oxidative stress in obesity and its impact on metabolic syndrome.  
Shigetada Furukawa, The Journal of Clinical Investigation  Volume 114 Number 12 
December 2004, pg.1752-1761).  This paper is filled with the erroneous acceptance of 
the Free Radi-Crap theory and of oxidative stress.  It is highly prejudicial and of 
questionable value. 
 
In the present study, H2O2 production was increased only in adipose tissue of obese mice, 
but not in other tissues examined, including the liver, skeletal muscle, and aorta. These 
results suggest that adipose tissue is the major source of the elevated plasma ROS. 
Oxidative stress is known to impair both insulin secretion by pancreatic β cells and 
glucose transport in muscle and adipose tissue. Increased oxidative stress in vascular 
walls is involved in the pathogenesis of hypertension and atherosclerosis. Oxidative stress 
also underlies the pathophysiology of hepatic steatosis. Thus, oxidative stress locally 
produced in each of the above tissues seems to be involved in the pathogenesis of these 
diseases. Our results suggest that increased ROS secretion into peripheral blood from 
accumulated fat in obesity is also involved in induction of insulin resistance in skeletal 
muscle and adipose tissue, impaired insulin secretion by β cells, and pathogenesis of 
various vascular diseases such as atherosclerosis and hypertension. 
 
Why is oxidative stress increased only in accumulated fat? They found that in white 
adipose tissue (WAT) but not other tissues of obese mice, the mRNA expression levels of 
NADPH oxidase subunits increased, and mRNA expression levels and activities of 
antioxidant enzymes decreased. They also found a high level of mRNA expression of the 
transcription factor PU.1, which upregulates the transcription of the NADPH oxidase 
gene in adipose tissue of obese mice. Recently, Weisberg et al. and Xu et al. reported that 
macrophages infiltrated the obese adipose tissues and were an important source of 
inflammatory cytokines. Since macrophages are also known to produce ROS, it is 
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possible that infiltrated macrophages are involved in augmented NADPH oxidase 
and elevated ROS production in the obese adipose tissue. In this regard, a family of 
gp91phox homologs, termed NOX (NADPH oxidase) proteins, has been reported to be 
expressed in nonphagocytic cells, not in macrophages. Recent studies of adipocytes 
found that NOX4, a member of the NOX family, plays a role in the generation of H2O2. 
The expression of NOX4 was not detected in macrophages. 
  
In contrast, they found high expression levels of NOX4 in WAT, as well as gp91phox, 
and mRNA expression of NOX4 was significantly increased in WAT of obese mice. 
These results suggest that adipose NADPH oxidase is elevated and contributes to ROS 
production in accumulated fat. 
 
I believe that increased risk of infection and of lipoma formation is indicative of 
decreased levels of EMODs in adipose tissue, especially due to hypoxic conditions in 
fat cells. 
 

7.3.1   Oxidants link obesity to diabetes 
 
Individuals with the metabolic syndrome are at risk of coronary heart disease, 
stroke, vascular disease, and type 2 diabetes. Although risk factors for this 
syndrome are known to include obesity, physical inactivity, and genetic factors, the 
mechanistic role of obesity is not completely understood. In the December 15, 2004 issue 
of the Journal of Clinical Investigation, Iichiro Shimomura and researchers from Osaka 
University, Japan, showed that fat cells of obese mice produce increased levels of toxic 
oxygen molecules known as reactive oxygen species (ROS) as well as the enzyme 
NADPH oxidase. Furthermore, these cells express decreased levels of antioxidative 
enzymes that are responsible for destroying these toxic forms of oxygen. The effect of 
this oxidative stress causes changes in the production of fat-derived hormones known as 
adipocytokines.  
 
The authors found that treatment of these mice with apocynin - an antioxidant that 
inhibits NADPH oxidase - reduced ROS production in fat cells, restored adipocytokine 
production to normal, improved diabetes, and reduced the levels of fat present in the 
blood and liver.  
 
The results suggest that accumulated fatty tissue is a major source of ROS in obesity 
and acts as an early trigger of the metabolic syndrome. While it is too early to suggest 
that taking antioxidants may counter the development of obesity-associated metabolic 
syndrome, the steps leading to excess ROS generation may represent a potentially useful 
therapeutic target. 
  
7.3.2   Obesity and EMODs 
 
Multiple risk factor syndrome or metabolic syndrome (i.e., the coexistence of several risk 
factors for atherosclerosis, including hyperglycemia, dyslipidemia, and hypertension in 



the same individual) is a growing medical problem in industrialized countries. Obesity is 
the central and causal component in this syndrome, but the mechanistic role of obesity 
has not been fully elucidated.  

Adipocytes produce a variety of biologically active molecules, collectively known as 
adipocytokines or adipokines, including plasminogen activator inhibitor–1 (PAI-1), 
TNF- , resistin, leptin, and adiponectin. Dysregulated production of these 
adipocytokines participates in the pathogenesis of obesity-associated metabolic 
syndrome. Increased production of PAI-1 and TNF-  from accumulated fat 

contribute to the development of thrombosis and insulin resistance, respectively, in 
obesity. In contrast, adiponectin exerts insulin-sensitizing and anti-atherogenic effects, 
and hence a decrease in plasma adiponectin is causative for insulin resistance and 
atherosclerosis in obesity. However, the mechanisms by which fat accumulation leads to 
such dysregulation of adipocytokines have not been elucidated.  

Oxidative stress may play critical roles in the pathogenesis of various diseases (Brownlee, 
M. 2001. Biochemistry and molecular cell biology of diabetic complications. Nature. 
414:813-820). In the diabetic condition, oxidative stress impairs glucose uptake in muscle 
and fat and decreases insulin secretion from pancreatic ß cells. NADPH oxidase is the 
major source of ROS in adipocytes, and that augmented NADPH oxidase seems to 
contribute to increased ROS production in adipose tissue in obesity. It has been reported 
that in cultured vascular cells, free fatty acids increase NADPH oxidase activity. 
Plasma adiponectin levels correlated inversely with systemic oxidative stress.  

H2O2 production was increased only in adipose tissue of obese mice, but not in other 
tissues examined, including the liver, skeletal muscle, and aorta. These results suggest 
that adipose tissue is the major source of the elevated plasma ROS. Oxidative stress is 
known to impair both insulin secretion by pancreatic ß cells and glucose transport in 
muscle and adipose tissue. 

Results are consistent with several previous studies demonstrating that antioxidant 
treatment improves insulin function in diabetic subjects (Jacob, S. et al. 1999. Oral 
administration of RAC-alpha-lipoic acid modulates insulin sensitivity in patients with 
type-2 diabetes mellitus: a placebo-controlled pilot trial. Free Radic. Biol. Med. 27:309-
314) (Evans, J.L., Goldfine, I.D., Maddux, B.A., and Grodsky, G.M. 2002. Oxidative 
stress and stress-activated signaling pathways: A unifying hypothesis of type 2 diabetes. 
Endocrine Rev. 23:599-622). I do not believe it, unless it involved redox cycling or it 
was acting as a prooxidant. 

Recent studies, on the other hand, have proposed that ROS such as H2O2 are produced 
transiently in response to insulin stimulation and also act as a second messenger for 
insulin signaling in adipocytes (Krieger-Brauer, H.I., and Kather, H. 1992. Human fat 
cells possess a plasma membrane-bound H2O2-generating system that is activated by 
insulin via a mechanism bypassing the receptor kinase. J. Clin. Invest. 89:1006-1013) 
(Krieger-Brauer, H.I., and Kather, H. 1995. Antagonistic effects of different members of 



the fibroblast and platelet-derived growth factor families on adipose conversion and 
NADPH-dependent H2O2 generation in 3T3-L1 cells. Biochem. J. 307:549-556). 

NADPH oxidase is thought to be involved in insulin-induced ROS generation. They 
assume that a transient increase of intracellular ROS is important for the insulin signaling 
pathway, while excessive and long-term exposure to ROS reduces insulin sensitivity and 
impairs glucose and lipid metabolism.  

In the present study, they observed stimulation of ROS production by fatty acids via 
NADPH oxidase activation. In addition, they also found that ROS suppressed the mRNA 
expressions of lipogenic genes, such as fatty acid synthase and sterol regulatory element 

binding protein-1c, in 3T3-L1 adipocytes. These results suggest that increased ROS 
production caused by fat accumulation may prevent further lipid storage, but may 
simultaneously cause dysregulated expression of adipocytokines and insulin resistance 
(Increased oxidative stress in obesity and its impact on metabolic syndrome. Shigetada 
Furukawa et al. J. Clin. Invest. 114:1752-1761 (2004 ). 

Over the last decade, an abundance of evidence has emerged demonstrating a close link 
between metabolism and immunity. It is now clear that obesity is associated 
with a state of chronic low-level inflammation (Inflammation, stress, and 
diabetes. Kathryn E. Wellen and Gökhan S. Hotamisligil J. Clin. Invest. 115:1111-1119 
(2005).   
 
Obesity is associated with increased macrophage infiltration of adipose tissue, and 
these macrophages may be an important component of the chronic inflammatory 
response playing a crucial role in the development of insulin resistance. 

7.4.0    Obesity, Breast cancer, EMODs and antioxidants 

Some of the following materials sere abstracted, excerpted or modified from:  
Supplement: Free Radicals: The Pros and Cons of Antioxidants.Mechanisms of Pro- and 
Antioxidation. Homer S. Black. The American Society for Nutritional Sciences J. Nutr. 
134:3169S-3170S, November 2004 

Prooxidants often are considered synonymous with reactive species, toxic 
substances that can cause oxidative damage to major constituents of biological 
systems. (RMH Note:  Here we go again. By definition, anything having prooxidant 
activity is toxic.) In contradistinction, antioxidants are defined as any substance that, 
when present at low concentrations compared with that of the oxidizable substrate, 
significantly prevents the prooxidant-initiated oxidation of that substrate. In this context, 
and based on the potential of free radical reactions contributing to the degradation of 
biological systems, it was suggested that it might be possible to reduce the extent of 
damage caused by free radicals through 3 dietary changes: i) reducing energy intake (i.e., 
lowering the level of free radical reactions arising in the course of normal metabolism), ii) 
minimizing dietary components that increase the level of free radical reactions (e.g., 
polyunsaturated fats), and iii) supplementing the diet with one or more free radical–

http://jn.nutrition.org/misc/terms.shtml


reaction inhibitors (antioxidants) (Harman, D. (1962) Role of free radicals in mutation, 
cancer, ageing and maintenance of life. Radiation Res 16:753-763). Dr. Harman was 
wrong then and is still wrong. 

Step i, lowering energy intake, was intended to diminish excess levels of harmful radicals 
resulting from electron loss at specific dehydrogenase reactions and the electron transport 
chain. The rationale rests on the assumption that the more metabolic fuels are stoked, the 
greater the electron loss, resulting in greater free radical formation. Support for this 
rationale is found in Tannenbaum’s 1940 studies, which concluded, "Persons of average 
weight, or less, were less likely to develop cancer as those who are overweight" 
(Tannenbaum, A. (1940) Relationship of body weight to cancer incidence. Arch. Pathol. 
30:509-517).  

These observations were reaffirmed some 63 y later in a large prospective study: 
"Increased body weight was associated with increased death rates for all cancers 

combined and for cancers at multiple sites" (Calle, E. E., Rodriguez, C., Walker-
Thurmond, K. & Thun, M. J. (2003) Overweight, obesity, and mortality from cancer in a 
prospectively studied cohort of U.S. adults. N. Engl. J. Med. 348:1625-1638).  

7.4.1    Obesity raises overall risk of breast cancer  

Women who gain weight as adults face a higher lifetime risk of all types of breast cancer, 
researchers reported on 5/23/06. The study adds to a large body of evidence showing that 
weight and breast cancer can be closely linked. A study of more than 44,000 women 
found that the more weight a woman gained, the greater her risk for all types, 
stages, and grades of breast cancer. 

Compared to women who gained 20 pounds (10 kg) or less during adulthood, women 
who gained more than 60 pounds (27 kg) were almost twice as likely to have ductal type 
breast tumors and more than 1.5 times more likely to have lobular type cancers, Heather 
Spencer Feigelson of the American Cancer Society and colleagues found. 

The risk of breast cancer that had spread tripled for women who gained more than 60 
pounds (27 kg), they reported in Monday's issue of the journal Cancer. Breast cancer 
risk is linked to increased levels of the hormone estrogen and fat tissue 
produces estrogen, adding to the risk. Estrogen is an antioxidant. 

"These data further illustrate the relationship between adult weight gain and breast 
cancer, and the importance of maintaining a healthy body weight throughout adulthood," 
the researchers wrote. 

A study published earlier this month found that women who take estrogen-only 
hormone replacement therapy for 20 years or longer to treat symptoms 
of menopause have a higher risk of developing breast cancer.  I believe 
that these two factors alone, illustrate the risk and the role of the antioxidant, 



estrogen, in causing breast cancer.  Further, a simplistic observation reveals that 
men also have breasts but have a much lower risk of developing breast cancer. I 
believe that this is due to its conversion to testosterone, which effectively reduces the 
reducing potential of estrogen. 

Breast cancer is the second leading cause of cancer death among U.S. women, after lung 
cancer. More than 200,000 people are diagnosed and another roughly 40,000 die from it 
each year, according to the American Cancer Society. Globally more than 1.2 million 
men and women develop breast cancer every year.  

7.4.2    Chemo harms more breast cancer patients 

Younger breast cancer patients seem to suffer more serious side effects from 
chemotherapy than previously thought. Roughly one in six of those women wind up at 
the emergency room or hospitalized because of such side effects as infection, low 
blood counts, dehydration or nausea, researchers reported 8/14/06 in an article by 
Laura Neergaard, AP Medical Writer. 

Some of the side effects occurred at rates three to four times higher than earlier research 
had predicted. Tuesday's study marks the first attempt to assess the real-world risks of 
chemotherapy for some 35,000 breast cancer patients under age 64 who get the drugs 
each year. 

Most side-effect information comes from clinical trials of medications that can 
underestimate toxicity. Those trials are designed to prove if the drugs fight cancer and 
therefore should be sold, and they tend to enroll only the best candidates instead of 
women who might be particularly sensitive to side effects. 

Adding to that conundrum: Many breast cancer patients don't need chemotherapy in 
the first place; surgery, radiation and hormone treatment are enough. But doctors don't 
always have an easy way to tell who would benefit from chemo on top of all that. For 
women in the to-treat-or-not gray zone, age sometimes is the deciding factor — because 
those under 64 are thought to tolerate chemotherapy better than older women. 

"We don't believe our study is saying that chemotherapy is not helpful," stressed Dr. 
Michael Hassett of Boston's Dana-Farber Cancer Institute, who led the research, 
published in the 8/14/06 issue Journal of the National Cancer Institute. But, "we've been 
struggling as a professional community to understand which women benefit from 
chemotherapy," he added. 

A total of 16 percent of chemo recipients received either emergency room care or 
hospitalization for those side effects. Most common: infection and fever, afflicting 8 
percent of the patients. That's not a high number — but it is four times what previous 
clinical trials had predicted, the researchers reported. 



Moreover, 61 percent of the chemo recipients had an ER visit or hospitalization for some 
reason — not just a chemotherapy-related side effect — compared with 42 percent of 
breast cancer patients not on the drugs. The study couldn't explain the difference. 

Better understanding of the risks is especially important for those patients who choose 
chemo despite a good prognosis, when it may increase their chances of survival by less 
than 5 percent, Dr. Joseph Lau of the Tufts-New England Medical Center wrote in an 
accompanying editorial. The extra care meant extra medical bills. Hassett estimated that 
serious chemo side effects could cost health plans up to $45 million a year. 

The dark side is that we make big victories out of small advances, which may or may not 
hold up after the cheering stops. 

7.5.0    Obesity tied to hepatitis C treatment failure 

Obese patients who are treated for chronic hepatitis C virus (HCV) infection are more 
likely to have a better outcome if the underlying abnormalities caused by excessive fat 
tissue are corrected first, according to a review published in the medical journal 
Hepatology. The lead author, Dr. Michael R. Charlton of the Mayo Clinic, Rochester, 
Minnesota, and colleagues point out that obesity is considered to be a metabolic 
condition, not simply a matter of being very overweight. (Source: Hepatology, June 
2006) 

Obesity in patients with HCV infection is associated with inflammation and insulin 
resistance, a "prediabetic" abnormality of blood sugar. These patients may also have 
steatosis, "fatty liver disease;" progression of fibrosis, scarring of the liver; and poor 
response to interferon and ribavirin, the standard treatment for HCV infection. Patients 
with hepatitis C and obesity-related fatty liver disease are also at greater risk for more 
advanced liver disease. 

Weight loss to reduce fat tissue is an important first step in improving response to 
treatment, the investigators advise. Also important is treatment with diabetes drugs, such 
as metformin and pioglitazone, to improve insulin sensitivity and reduce fat accumulation 
in the liver. This might reverse disease progression, the researchers note. Other 
approaches to enhance patients' response to combination drug therapy may include longer 
duration of treatment and higher doses to counteract the decreased response to the drugs. 
Rather than basing doses on weight, they suggest, drug doses could be based on body 
mass index, a ratio of height to weight. 

"Treatment strategies that focus on improving underlying metabolic factors associated 
with poor response to combination therapy," conclude the researchers, are "more likely to 
overcome the low sustained viral response rates observed in obese patients infected with 
HCV." I believe that this illustrates the fact that obesity is a metabolic condition, 
which I believe is characterized by low levels of EMODs and thus exposes the 
patient to a variety of diseases. 



7.6.0    High blood glucose causes hypoxia and decreased EMODs 
 
High blood sugar works negatively to oxygen delivery mechanism. High sugar level 
promotes rbc aggregation by glycosylating rbc and activates fibrinogen to worsen the 
hemorheology. Translated, higher blood sugar level boosts more severe 
hypoxia, as worsened hemorheology curtails oxygen transportation, 
which in turn results in higher blood sugar level. As a result, when this 
fashion lasts long diabetes mellitus is definitely going to be formed.  I believe that this 
helps clarify the role of EMODs in diabetes and shows that high glucose levels 
causes an EMOD deficiency, which allows for the manifestation of other diabetes 
related diseases such as atherosclerosis, cancer and cataract formation. 
 
7.8.0    HYPOXIA 
 
7.8.1    Hypoxia Acutely Induces Glucose Intolerance 
  

The prognostic significance of blood glucose (BG) for nondiabetic patients in a stable 
chronic phase of cardiovascular disease (CVD) has been sparsely investigated, especially 
for glucose within the normal range. In particular, it is unknown if for these patients there 
is a graded relation of mortality to glucose or if there is a lower threshold. They used the 
Framingham Heart Study 30-year data to determine 2-year all-cause, cardiovascular 
mortality (CVM), and non-CVM risk adjusted for age, sex, and typical cardiovascular 
risk factors (systolic blood pressure, total cholesterol, body mass index, cigarette 
smoking, and use of antihypertensive drugs) by levels of random whole BG for non-
glucose-intolerant subjects (glucose intolerance includes diabetes mellitus) with existing 
CVD. There were steep graded relations of 2-year all-cause, CVM, and non-CVM to BG 
throughout the normal and subdiabetic range with no evidence of a lower threshold. Two-
year mortality continuously increased from 2.99% at the bottom of the normal range (BG 
= 60 [plasma equivalent = 67] mg/dL) to 7.23% at the top of the normal range (89 
[plasma equivalent = 100] mg/dL) (a 2.42-fold increase) and then continued to further 
continuously increase, reaching 11.38% at 119 [plasma equivalent = 133] mg/dL, the top 
of the glucose range considered (P for trend < .0001). There were analogous steep 
increases for CVM and non-CVM. CONCLUSIONS: Blood glucose, even within the 
normal range, is a strong independent predictor of 2-year all-cause, CVM, and non-
CVM in nondiabetic subjects with CVD and therefore of prognostic significance for 
these high-risk patients (Blood glucose: a strong risk factor for mortality in nondiabetic 
patients with cardiovascular disease. Port SC, Goodarzi MO, Boyle NG, Jennrich RI. Am 
Heart J. 2005 Aug;150(2):209-14).  I believe that the direct link between blood 
glucose and overall death is related to the decreased levels of oxygen seen with 
increasing blood glucose and consequent relative decreased EMOD levels. 
 
Lowering blood sugar levels could theoretically reduce the risk of coronary heart disease 
in both diabetics and non-diabetics.  Non-diabetic persons with HbA1c levels of 6% or 
higher had almost a two-fold greater heart disease risk compared to persons with an 
HbA1c level below 4.6% according to an article in Doctor’s Guide, 9/14/05. 
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7.8.2    Pancreatic Cancer Tied to Insulin Woes 
 
WebMD, 12/1/05 reported “Pancreatic Cancer Tied to Insulin Woes.”  Some of the men’s 
blood samples showed higher levels of blood glucose, insulin resistance, and high insulin 
levels.  Those men were more likely to later develop pancreatic cancer than those without 
insulin problems.  I believe that this supports my Unified Theory in that EMOD 
deficiency states “allows” for the manifestation of the EMOD insufficiency 
syndrome diseases (cancer, atherosclerosis, diabetes, obesity, cataracts, etc.)  Here, 
decreased levels of oxygen, from elevated levels of glucose, results in EMOD 
deficiencies and increases in cancer. 
 
Also, the Doctor’s Guide reported on 12/13/05 that diabetics face increased risk of 
colorectal cancer.  Hyperinsulinemia and hyperglycemia promote the growth of 
colorectal cancer. 
 
Results of a study in healthy men suggest a causative role for hypoxia in acutely 
increasing glucose intolerance. Elevated release of epinephrine is one factor mediating 
this effect. 
 
"Our results suggest that the presence of hypoxic diseases should be evaluated as a 
possible pathogenic factor in patients suffering from metabolic disorders such as 
type 2 diabetes and metabolic syndrome," German investigators write in the June 1, 
2004 American Journal of Respiratory and Critical Care Medicine. 
 
7.8.3    The Insulin Highway Bypassed 
 
An immune cell known as a neutrophil releases a protein that can suppress glucose 
production in the liver - without targeting insulin, researchers have found and reported 
on April 28, 2008 at the medicalnews website.  
 
Neutrophils, a type of white blood cell, produce special immune proteins called 
defensins which seem to have a connection with glucose levels. During bacterial 
infection, defensin production can increase dramatically, a rise that frequently results in 
hypoglycemia. In addition, many patients with type II diabetes have decreased defensin 
levels.  
 
To study this connection further, Wenhong Cao and colleagues tested the effects of 
human defensin HNP-1 on both isolated cells and rodent models. Treating liver cells with 
HNP-1 suppressed the expression of several glucose-producing genes and decreased 
cellular glucose levels, but did not activate or alter the expression of the insulin receptor 
at all. This inhibition extended to animals, as HNP-1 reduced blood glucose levels in both 
normal mice and diabetic rats.  
 
These findings provide some more information linking the immune system and 
metabolism, and also offer a new avenue to target diabetics who do not respond well to 
traditional insulin-based treatments. 



 
7.8.4    Hypoxia and the emergence of glucose intolerance 
 
Several studies have shown a close tie between hypoxia and the 
emergence of glucose intolerance, Dr. Kerstin M. Oltmanns and colleagues from 
the University of Luebeck in Germany explain in the paper, but "experimental evidence 
of a causative role for hypoxia in this metabolic dysfunction is surprisingly lacking." 
 
In a double-blind, within-subject crossover study, they tested the effects of hypoxia 
versus normoxia on glucose tolerance by decreasing oxygen saturation to 75% under 
conditions of a euglycemic clamp and monitoring the rate of dextrose infusion needed to 
maintain stable blood glucose levels. 
 
They observed a significant decrease in glucose infusion rate (p < 0.01) over a period of 
150 minutes after the onset of hypoxia in conjunction with an increase in plasma 
epinephrine (p < 0.01), heart rate (p < 0.01) and symptoms of anxiety (p < 0.05). 
 
Of note, glucose intolerance was "closely comparable between hypoxic and 
hypoglycemic conditions (p < 0.9) despite clear differences in stress hormonal 
responses," Dr. Oltmanns and colleagues report. 
 
The authors caution that while "providing evidence of a causative role for hypoxia in 
acutely elevating glucose intolerance, it remains to be carefully considered to what extent 
our findings after acute experimental short-term hypoxia can be generalized to the typical 
pathologic conditions in which frequent hypoxic episodes are encountered over long 
periods." Am J Respir Crit Care Med 2004;169:1231-1237 
 

I believe that the early onset of CVD by ages 5-8 years, supports my position that CVD is 
not caused by an accumulation of oxidized or glycated products, as would have been 
taught by the Free Radi-Crap theory.  Also, I see a connection between the onset of 
obesity, fat cells acting as inflammed cells, cellular hypoxia, elevated blood glucose 
and a subsequent EMOD insufficiency state.  This ties my EMOD insufficiency 
syndrome together and helps explain the relationship between obesity, cancer, 
atherosclerosis and diabetes (Bogalusa heart study). 

I predicted that if my EMOD insufficiency theory is correct that HIV/AIDS patients 
should have higher rates of arthritis. I was correct.  The following is information from the 
eMedicine website:  Reactive arthritis, including classic Reiter syndrome, can occur 
in patients infected with HIV or who have AIDS. This is likely because both 
conditions can be sexually acquired rather than being triggered by HIV. The course of the 
illness tends to be severe, with a generalized rash that resembles psoriasis, profound 
arthritis, and frank AIDS. The frequency of HLA-B27 is the same of that associated 
with non–AIDS-related reactive arthritis in a similar demographic group. This association 
points out the likely importance of CD8+ cytotoxic T cells compared to CD4+ helper T 
cells in the pathogenesis of reactive arthritis. 



Reactive arthritis usually develops 2-4 weeks after a genitourinary or gastrointestinal 
infection. Recent evidence indicates that a preceding respiratory infection with 
Chlamydia may also trigger the disease. About 10% of patients do not have a preceding 
symptomatic infection. 

In my e-book entitled, “Cardiovascular Disease and Oxygen Free Radical Mythology” I 
state, “Following years of intense investigation of the scientific literature, I now have 
"greater clarity and reduced uncertainty" about the impact of oxygen free radicals with 
the living/breathing cell.  The risks of unnatural EMOD (electronically modified oxygen 
derivatives) reduction, with antioxidants (scavengers, traps, quenchers, etc.), may well be 
greater than previously thought.  I believe that there exists a “tipping point” at which 
especially low EMOD levels (an insufficiency) allows for uncontrolled cellular 
proliferation.  Data from immunosuppressed patients clearly supports my view.  Thus, 
there is a need for real concern.  Double blind randomized controlled human studies 
started to indicate that the potential for antioxidant harm was a slumbering giant.  I 
believe that the behemoth has now been awakened, as indicated by increased risks for 
cancer, atherosclerosis, strokes and overall mortality.”  I believe that the “tipping 
point” may be based on chronically low levels of oxygen consumption, hypoxia and 
EMOD production.  This may explain differences in identical twins in acquiring 
CVD, diabetes, obesity, arthritis, etc.  

Hypoxia and inflammation may be concomitant events. Mucosal organs such as the lung, 
intestine and kidney are supported by a rich underlying vasculature, and as such, are 
primary targets for diminished blood flow and hypoxia.  Diminished oxygen tension 
(hypoxia) is a contributing factor to developmental pathways and to a number of disease 
processes. 
 
Android obesity is associated with enhanced lipid peroxidation and persistent platelet 
activation. These abnormalities are driven by inflammatory triggers related to the degree 
of abdominal adiposity and are, at least in part, reversible with a successful weight-loss 
program (Platelet Activation in Obese Women. Role of Inflammation and Oxidant 
Stress. Giovanni Davì et al. JAMA. 2002;288:2008-2014).  
 
7.9.0    HYPOXIA   
 
A number of other risk factors for cardiovascular disease, such as hypertension, low HDL 
cholesterol, cataracts and diabetes mellitus, often coexist (clustering) with obesity 

(Wilson PW, Kannel WB, Silbershatz H, and D'Agostino RB. Clustering of 
metabolicfactors and coronary heart disease. Arch Intern Med 159: 1104–1109, 1999). I 
believe that the presence of the double bonded fats, which trap ROS, leads to an 
EMOD deficiency state (an EMOD insufficiency syndrome) and increases the risk of 
atherosclerosis.   

 



Diabetes is often detected when a person suffers a problem frequently caused by diabetes, 
such as a heart attack, stroke, neuropathy, poor wound healing or a foot ulcer, certain 
fungal infections, or delivering a baby with macrosomia or hypoglycemia. 

7.9.1    von Hippel Lindau (VHL) syndrome 
 
The discovery and characterization of the von Hippel Lindau (VHL) syndrome has 
brought about tremendous advances in understanding the molecular mechanisms of renal 
cell carcinoma. VHL mutations are known to act through hypoxia inducible factor, 
which has a physiologic role in detecting hypoxia. Recent investigations into other 
hereditary forms of kidney cancer with mutations in genes involving energy metabolism 
and oxidative changes, such as fumarate hydratase, suggest that metabolic changes 
related to hypoxia detection may be a common mechanism of tumorigenesis. This 
implicates aberrations in the kidney's physiologic role in detection of hypoxia in tumor 
formation. Germline mutations of genes involved in energy metabolism and oxidative 
perturbations lead to tumors in other tissues that detect hypoxia, such as head and neck 
paragangliomas that occur in the area of the carotid body. Therefore, aberrations in 
physiologic detection of hypoxia that predispose to tumor formation may not be a 
mechanism unique to the kidney. Furthermore, inducers of hypoxic perturbations other 
than germline mutations in metabolic genes may predispose to cancers in organs that 
have a physiologic role in detecting hypoxia. Conditions that effectively lead to tissue 
hypoxia in hypoxia detecting tissues is one such mechanism. They propose that some 
of the common molecular and physiologic mechanisms in heritable forms of kidney 
cancer, namely detection of hypoxia, may play a role in the genesis of sporadic kidney 
cancer. They surveyed evidence suggesting that the mechanism of some recognized risk 
factors of kidney cancer, such as smoking and obesity, may be due in part to tissue 
hypoxia, reflecting physiologic detection of hypoxia gone awry (Sharifi N, Farrar WL. 
Perturbations in hypoxia detection: A shared link between hereditary and sporadic tumor 
formation? Med Hypotheses. 2006;66(4):732-735). 
 

7.9.2    Lactic Acidosis 

Some of the following material was abstracted, excerpted or modified form:  Lactic 
Acidosis emedicine’s website and authored by Sat Sharma, M.D. 
 
By the turn of the 20th century, it had become apparent that patients who are critically ill 
could exhibit metabolic acidosis unaccompanied by elevation of ketones or other 
measurable anions. In 1925, Clausen identified the accumulation of lactic acid in blood as 
a cause of acid-base disorder. Several decades later, Huckabee's seminal work firmly 
established that lactic acidosis frequently accompanies severe illnesses and that tissue 
hypoperfusion underlies the pathogenesis. In their classic 1976 monograph, Cohen 
and Woods classified the causes of lactic acidosis according to the presence or 
absence of adequate tissue oxygenation. 
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The normal blood lactate concentration in unstressed patients is 1-0.5 mmol/L. Patients 
with critical illness can be considered to have normal lactate concentrations of less than 2 
mmol/L. Hyperlactatemia is defined as a mild-to-moderate (2-5 mmol/L) persistent 
increase in blood lactate concentration without metabolic acidosis, whereas lactic 
acidosis is characterized by persistently increased blood lactate levels (usually >5 
mmol/L) in association with metabolic acidosis.  

Hyperlactatemia generally occurs in the settings of adequate tissue perfusion, intact 
buffering systems, and adequate tissue oxygenation. Lactic acidosis is associated with 
major metabolic dysregulation, tissue hypoperfusion, effects of certain drugs or toxins, or 
congenital abnormalities in carbohydrate metabolism. Cohen and Woods divided lactic 
acidosis into 2 categories, type A and type B. Type A is lactic acidosis occurring in 
association with clinical evidence of poor tissue perfusion or oxygenation of blood 
(eg, hypotension, cyanosis, cool and clammy extremities). Type B is lactic acidosis 
occurring when no clinical evidence of poor tissue perfusion or oxygenation 
exists as in strenuous muscular exercise, diabetes mellitus and cancer.  

Congenital lactic acidosis is secondary to inborn errors of metabolism, such as defects in 
gluconeogenesis, pyruvate dehydrogenase, the tricarboxylic acid (TCA) cycle, or the 
respiratory chain. These disorders generally reflect situations in which the disposal of 
pyruvate by biosynthetic or oxidative routes is impaired. Please remember that 
pyruvate is an antioxidant and increased levels of pyruvate result in acidosis. 

Pathophysiology: The anaerobic metabolic pathway known as glycolysis is the first step 
of glucose metabolism and occurs in the cytoplasm of virtually all cells. The end-product 
of this pathway is pyruvate, which can then diffuse into the mitochondria and be 
metabolized to carbon dioxide by another, more energy-efficient metabolic pathway, the 
Krebs cycle. 

Erythrocytes are capable of carrying out glycolysis; however, these cells 
do not have mitochondria and cannot use oxygen to produce adenosine 
triphosphate (ATP). The pyruvate formed during glycolysis is metabolized by the 
enzyme lactate dehydrogenase to lactate. The anaerobic pathway is very inefficient, and 
only 2 moles of ATP are produced for each molecule of glucose that is converted to 
lactate. The lactate diffuses out of the cells and is converted to pyruvate and then is 
aerobically metabolized to carbon dioxide and ATP. The heart, liver, and kidneys use 
lactate in this manner. Alternatively, hepatic and renal tissues can use lactate to produce 
glucose via another pathway referred to as gluconeogenesis.  

The metabolism of glucose to lactate by one tissue, such as red blood cells, and 
conversion of lactate to glucose by another tissue, such as the liver, is termed the Cori 
cycle. The ability of the liver to consume lactate is concentration-dependent and 
progressively decreases as the level of blood lactate increases. Lactate uptake by the liver 
also is impaired by several other factors, including acidosis, hypoperfusion, and hypoxia.  



The arterial concentration of lactate depends on the rates of its production and use by 
various organs. Lactate producers are skeletal muscle, the brain, the gut, and the 
erythrocytes. Lactate metabolizers are the liver, the kidneys, and the heart. When lactate 
blood levels exceed 4 mmol/L, the skeletal muscle becomes a net consumer of lactate. 
Lactate synthesis increases when the rate of pyruvate formation in the cytosol exceeds its 
rate of use by the mitochondria. This occurs when a rapid increase in metabolic rate 
occurs or when oxygen delivery to the mitochondria declines, such as in tissue hypoxia. 
Lactate synthesis also may occur when the rate of glucose metabolism exceeds the 
oxidative capacity of the mitochondria, as observed with administration of 
catecholamines or errors of metabolism. 

Cells require a continuous supply of energy for protein synthesis. This energy is stored in 
the phosphate bonds of the ATP molecule. The hydrolysis of ATP results in the following 
reaction, where ADP is adenosine diphosphate and Pi is inorganic phosphate:  

ATP = ADP + Pi + H+ + energy 

With an adequate supply of oxygen, the cells use ADP, Pi, and H+ in the mitochondria 
to reconstitute ATP. During cellular hypoxia, the hydrolysis of ATP leads to 
accumulation of H and Pi in the cytosol. Therefore, ATP hydrolysis is the source of 
cellular acidosis during hypoxia and not the formation of lactate from glucose, which 
neither consumes nor generates H+.  

If the oxygen supply is adequate, the metabolites of ATP are recycled in the 
mitochondria and the cytosolic lactate concentration rises without acidosis. On the other 
hand, with cellular hypoxia, the equation of anaerobic glycolysis becomes the following:  

D glucose = 2 lactate + 2 H+ + energy 

A second cellular source of anaerobic ATP is the adenylate kinase reaction, also called 
the myokinase reaction, where 2 molecules of ADP join to form ATP and adenosine 
monophosphate (AMP).  

ADP = AMP + Pi + H+ + energy 
 

Declines in cellular oxygen delivery lead to more oxygen extraction from the capillary 
blood. This action redistributes the cardiac output to organs according to their ability to 
recruit capillaries and also decreases the distance from the capillaries to the cells. With 
severe decreases in oxygen transport, compensatory increase in the oxygen extraction 
ratio is insufficient to sustain aerobic metabolism. Therefore, the cell must employ 
anaerobic sources of energy to produce ATP, resulting in the generation of lactate and 
H+.  

Shock currently is conceptualized as a clinical syndrome resulting from an imbalance 
between tissue oxygen demands and tissue oxygen supply. Impaired oxygen delivery is 



the primary problem in hypovolemic, cardiogenic, distributive (septic), and 
obstructive (pericardial tamponade, tension pneumothorax) forms of shock. When 
tissue hypoxia is present, pyruvate oxidation decreases, lactate production increases, and 
ATP formation continues via glycolysis. The amount of lactate produced is believed to 
correlate with the total oxygen debt, the magnitude of hypoperfusion, and the severity of 
shock. 
 
Following resuscitation from septic shock, some patients continue to demonstrate 
hyperlactemia (lactate 2-5 mmol/L), whereas blood pH is normal or alkalemic. These 
patients manifest increased oxygen consumption, insulin resistance, urea nitrogen 
excretion in urine, and a normal lactate-to-pyruvate ratio. Hyperlactemia likely occurs 
from increased production of pyruvate and equilibration with lactate, this has been 
termed "stress hyperlactemia" (Siegel JH, Cerra FB, Coleman B, et al: Physiological and 
metabolic correlations in human sepsis. Invited commentary. Surgery 1979 Aug; 86(2): 
163-93). Hyperlactemia was prevented by administration of tumor necrosis factor 
(TNF) binding protein in a rat model of sepsis. However, this finding has not been 
consistently observed in other animal and clinical studies.  
 
Lactic acidosis frequently occurs during strenuous exercise in healthy 
people, bearing no consequence. However, development of lactic acidosis in 
disease states is ominous, often indicating a critical illness of recent onset. 
 
The clinical signs usually indicate tissue hypoperfusion. Severe hypotension, oliguria or 
anuria, deteriorating mental status, and tachypnea always are present when the 
cause of lactic acidosis is tissue hypoxemia. 
 
Ray Peat Ph.D. writes, “Otto Warburg established that lactic acid production even in 
the presence of oxygen is a fundamental property of cancer. It is, to a great degree, 
the lactic acid which triggers the defensive reactions of the organism, leading to tissue 
wasting from excessive glucocorticoid hormone. The cancer's production of lactic acid 
creates the same kind of internal imbalance produced by hyperventilation, and if we look 
at the physiology of hyperventilation in the light of Warburg's description of cancer, 
hyperventilation imitates cancer metabolism, by producing lactic acid "even in the 
presence of oxygen." Lactate, a supposedly benign metabolite of the cancer cells, 
which appears in all the other degenerative conditions, including obesity, diabetes, 
Alzheimer's disease, multiple sclerosis, is itself a central factor in the degenerative 
process. Darkness, like irradiation, excess lactate, and unsaturated fats, has the 
diabetes-like effect of greatly reducing the ability of muscle to absorb sugar, while 
light stimulates respiration. Free fatty acids and lactate impair glucose use, and promote 
edema, especially in the lungs. Edema in the lungs limits oxygen absorption.” I have not 
checked the validity of these statements. RMH 
 
8.0.0    Sleep disruptions may up diabetes risk 
 



When Shakespeare called sleep the "chief nourisher of life's feast," he may 
have been well ahead of his time, medically at least. Researchers at the University of 
Chicago Medical Center report that disrupting sleep damages the body's ability to 
regulate blood sugar levels, potentially raising the risk of developing type 2 diabetes. 

More than 18 million Americans have diabetes and the most common form is type 2, in 
which the body either becomes resistant to insulin or doesn't produce enough of it to 
regulate sugar in the bloodstream. 

In a small experiment, researchers led by Dr. Esra Tasali, an assistant professor of 
medicine, found that disrupting the deepest sleep periods of volunteers rapidly 
resulted in reduction in their ability to regulate blood-sugar levels. 

The findings are reported in 12/31/07 online edition of Proceedings of the National 
Academy of Sciences.  The researchers studied the sleep patterns of nine volunteers, five 
men and four women, all of normal weight, in good health and aged 20 to 31.   

Normal sleep is divided into several stages, with the so-called slow-wave sleep 
considered the deepest.  Whenever the volunteers went into slow-wave sleep the 
researchers made noise — enough to disturb the sleep though not to fully awaken 
them.After just three days the ability of the volunteers to regulate blood sugar was 
reduced by 25 percent, the researchers reported. 

Earlier studies have indicated that lack of sleep can reduce the ability to regulate 
sugar, and this report adds evidence that poor sleep quality is also a diabetes risk. 

"This decrease in slow-wave sleep resembles the changes in sleep patterns caused by 40 
years of aging," Tasali said in a statement. Young adults spend 80 to 100 minutes per 
night in slow-wave sleep, while people over age 60 generally have less than 20 minutes. 
"In this experiment," she said, "we gave people in their 20s the sleep of those in their 
60s." 

"Since reduced amounts of deep sleep are typical of aging and of common obesity-related 
sleep disorders, such as obstructive sleep apnea, these results suggest that strategies to 
improve sleep quality, as well as quantity, may help to prevent or delay the onset of type 
2 diabetes in populations at risk," said co-author Dr. Eve Van Cauter, a professor of 
medicine.  I believe that this is because there is a decreased amount of EMOD-rich 
state 4 sleep, which results in an insufficiency state which allows for disease 
development. 

Sleep experts say chronic sleep loss is associated with obesity, diabetes, 
high blood pressure, stroke, cardiovascular disease, depression, cigarette 
smoking and excessive drinking.  The CDC released nationwide data collected 
separately showing that across all age groups, the percentage of adults reporting sleeping 
six hours or fewer a night increased from 1985 to 2006. 



In 2008 the CDC said 50 to 70 million Americans suffer from chronic sleep loss and 
sleep disorders in a country of 300 million. 

8.0.0.1    Sleep disorders 
 
Sleep-related breathing disorders (SRBDs) represent a spectrum of abnormalities that 
range from simple snoring to upper airway resistance syndrome to sleep apnea. The 
clinical presentation may include obesity, snoring, neuropsychological dysfunction, and 
daytime hypersomnolence and tiredness. The acute hemodynamic alterations of 
obstructive sleep apnea include systemic and pulmonary hypertension, increased right 
and left ventricular afterload, and increased cardiac output. Earlier reports attributed the 
coexistence of SRBDs with cardiovascular diseases to the shared risk factors such as age, 
sex, and obesity. However, recent epidemiologic data confirm an independent 
association between SRBDs and the different manifestations of cardiovascular 
diseases. Possible mechanisms may include a combination of intermittent hypoxia 
and hypercapnia, repeated arousals, sustained increase in sympathetic tone, reduced 
baroreflex sensitivity, increased platelet aggregation, and elevated plasma 
fibrinogen and homocysteine levels. The strength of the association, its pathogenesis, 
and the impact of treatment of SRBDs on the health outcome of patients with 
cardiovascular diseases are issues to be addressed in future studies (Cardiovascular 
consequences of sleep-related breathing disorders. Bananian S, Lehrman SG, Maguire 
GP. Heart Dis. 2002 Sep-Oct;4(5):296-305). 
 
8.0.1   Obstructive sleep apnea syndrome (OSAS) 
 
In obstructive sleep apnea syndrome (OSAS), repetitive episodes of apnea cause 
increased sympathetic nerve activity, increased surges in arterial blood pressure, swings 
in intrathoracic pressure, oxidative stress, hypoxia and hypercapnia. The association 
of OSAS with some diseases, having endothelial dysfunction in their 
physiopathology, such as hypertension, diabetes mellitus, obesity, 
coronary artery diseases, stroke and heart failure is common. Increased 
sympathetic nerve activity and also endothelial dysfunction which are the results of 
hypoxia, have important roles in vascular complications of OSAS. When compared with 
healthy population, an important endothelial dysfunction in OSAS patients and 
relationship between OSAS severity and endothelial dysfunction have been shown. 
(Dursunoglu N, Dursunoglu D. [Obstructive sleep apnea syndrome, endothelial 
dysfunction and coronary atherosclerosis] [Article in Turkish] Tuberk Toraks. 
2005;53(3):299-306). 
 
Chronic sleep loss as a consequence of voluntary bedtime restriction is an endemic 
condition in modern society. Although sleep exerts marked modulatory effects on glucose 
metabolism, and molecular mechanisms for the interaction between sleeping and feeding 
have been documented, the potential impact of recurrent sleep curtailment on the risk for 
diabetes and obesity has only recently been investigated. In laboratory studies of healthy 
young adults submitted to recurrent partial sleep restriction, marked alterations in glucose 
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metabolism including decreased glucose tolerance and insulin sensitivity have been 
demonstrated. The neuroendocrine regulation of appetite was also affected as the levels 
of the anorexigenic hormone leptin were decreased, whereas the levels of the orexigenic 
factor ghrelin were increased. Importantly, these neuroendocrine abnormalities were 
correlated with increased hunger and appetite, which may lead to overeating and weight 
gain. Consistent with these laboratory findings, a growing body of epidemiological 
evidence supports an association between short sleep duration and the risk for 
obesity and diabetes. Chronic sleep loss may also be the consequence of pathological 
conditions such as sleep-disordered breathing. In this increasingly prevalent syndrome, a 
feedforward cascade of negative events generated by sleep loss, sleep fragmentation, and 
hypoxia are likely to exacerbate the severity of metabolic disturbances. In conclusion, 
chronic sleep loss, behavioral or sleep disorder related, may represent a novel risk 
factor for weight gain, insulin resistance, and Type 2 diabetes (Spiegel K, Knutson K, 
Leproult R, Tasali E, Van Cauter E. Sleep loss: a novel risk factor for insulin resistance 
and Type 2 diabetes. J Appl Physiol. 2005 Nov;99(5):2008-19). I believe that this 
represents a loss of stage 4 mitochondrial respiration in sleep and a deficiency of 
EMODs, which “allows” for the development of diabetes, atherosclerosis, cancer, 
etc. 
 
Both obesity and obstructive sleep apnea (OSA) are complex disorders with multiple risk 
factors, which interact in a complicated fashion to determine the overall phenotype. In 
addition to environmental risk factors, each disorder has a strong genetic basis that is 
likely due to the summation of small to moderate effects from a large number of genetic 
loci. Obesity is a strong risk factor for sleep apnea, and there are some data to 
suggest sleep apnea may influence obesity. It is therefore not surprising that many 
susceptibility genes for obesity and OSA should be shared. Current research suggests 
that approximately half of the genetic variance in the apnea hypopnea index is 
shared with obesity phenotypes. Genetic polymorphisms that increase weight will 
also be risk factors for apnea. In addition, given the interrelated pathways regulating 
both weight and other intermediate phenotypes for sleep apnea such as ventilatory 
control, upper airway muscle function, and sleep characteristics, it is likely that there are 
genes with pleiotropic effects independently impacting obesity and OSA traits. Other 
genetic loci likely interact with obesity to influence development of OSA in a gene-by-
environment type of effect. Conversely, environmental stressors such as intermittent 
hypoxia and sleep fragmentation produced by OSA may interact with obesity 
susceptibility genes to modulate the importance that these loci have on defining obesity-
related traits (Patel SR. Shared genetic risk factors for obstructive sleep apnea and 
obesity. J Appl Physiol. 2005 Oct;99(4):1600-6). I believe that this says that hypoxia 
can increase the risk of obesity and that obesity is a risk factor for sleep apnea. 
 
Obstructive sleep apnea, a syndrome leading to recurrent intermittent hypoxia (IH), 
has been associated previously with hypercholesterolemia, independent of 
underlying obesity. They examined the effects of experimentally induced IH on serum 
lipid levels and pathways of lipid metabolism in the absence and presence of obesity. 
Lean C57BL/6J mice and leptin-deficient obese C57BL/6J-Lep(ob) mice were exposed to 
IH for five days to determine changes in serum lipid profile, liver lipid content, and 
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expression of key hepatic genes of lipid metabolism. In lean mice, exposure to IH 
increased fasting serum levels of total cholesterol, high-density lipoprotein (HDL) 
cholesterol, phospholipids (PLs), and triglycerides (TGs), as well as liver TG content. 
These changes were not observed in obese mice, which had hyperlipidemia and fatty liver 
at baseline. In lean mice, IH increased sterol regulatory element binding protein 1 
(SREBP-1) levels in the liver, increased mRNA and protein levels of stearoyl-coenzyme 
A desaturase 1 (SCD-1), an important gene of TG and PL biosynthesis controlled by 
SREBP-1, and increased monounsaturated fatty acid content in serum, which indicated 
augmented SCD-1 activity. In addition, in lean mice, IH decreased protein levels of 
scavenger receptor B1, regulating uptake of cholesterol esters and HDL by the liver. 
They conclude that exposure to IH for five days increases serum cholesterol and PL 
levels, upregulates pathways of TG and PL biosynthesis, and inhibits pathways of 
cholesterol uptake in the liver in the lean state but does not exacerbate the pre-existing 
hyperlipidemia and metabolic disturbances in leptin-deficient obesity (Intermittent 
hypoxia induces hyperlipidemia in lean mice. Li J, Thorne LN, Punjabi NM, Sun 
CK, Schwartz AR, Smith PL, Marino RL, Rodriguez A, Hubbard WC, O'Donnell CP, 
Polotsky VY. Circ Res. 2005 Sep 30;97(7):698-706). I believe that this is part of my 
“EMOD insufficiency syndrome” which is associated with high rates of development 
of atherosclerosis, cancer, diabetes and obesity. 
 
8.0.2   Obstructive sleep apnea (OSA) 
 
Obstructive sleep apnea (OSA), a condition tightly linked to obesity, leads to chronic 
intermittent hypoxia (CIH) during sleep. There is emerging evidence that OSA is 
independently associated with insulin resistance and fatty liver disease, suggesting 
that OSA may affect hepatic lipid metabolism. To test this hypothesis, leptin-deficient 
obese (ob/ob) mice were exposed to CIH during the light phase (9 AM-9 PM) for 12 wk. 
Liver lipid content and gene expression profile in the liver (Affymetrix 430 GeneChip 
with real-time PCR validation) were determined on completion of the exposure. CIH 
caused a 30% increase in triglyceride and phospholipid liver content, whereas liver 
cholesterol content was unchanged. Gene expression analysis showed that CIH 
upregulated multiple genes controlling 1) cholesterol and fatty acid biosynthesis [malic 
enzyme and acetyl coenzyme A (CoA) synthetase], 2) predominantly fatty acid 
biosynthesis (acetyl-CoA carboxylase and stearoyl-CoA desaturases 1 and 2), and 3) 
triglyceride and phospholipid biosynthesis (mitochondrial glycerol-3-phosphate 
acyltransferase). A majority of overexpressed genes were transcriptionally regulated by 
sterol regulatory element-binding protein (SREBP) 1, a master regulator of lipogenesis. A 
2.8-fold increase in SREBP-1 gene expression in CIH was confirmed by real-time PCR. 
Expression of major genes of cholesterol biosynthesis, SREBP-2 and 3-hydroxy-3-
methylglutaryl-CoA reductase, was unchanged. In conclusion, we have shown that CIH 
may exacerbate preexisting fatty liver of obesity via upregulation of the pathways of lipid 
biosynthesis in the liver (Chronic intermittent hypoxia upregulates genes of lipid 
biosynthesis in obese mice. Li J, Grigoryev DN, Ye SQ, Thorne L, Schwartz AR, Smith 
PL, O'Donnell CP, Polotsky VY. J Appl Physiol. 2005 Nov;99(5):1643-8). I believe that 
this shows the relationship between obesity, diabetes and hypoxia. 
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8.0.3   Sleep apnea 
 
The aim of the study was to determine which factors are important for desaturation depth 
during sleep in obstructive sleep apnea (OSA) and to establish impact of nocturnal 
oxygen desaturation on the daytime sleepiness. 190 consecutive patients were included in 
the study (135 men and 55 women, mean age 52.59+/-11.31 and 58.93+/-8.85 years, 
respectively). Desaturation level depended on body-mass index and correlation with 
Epworth sleepiness scale (ESS) was statistically significant but not high (p<0.5). In the 
univariate analysis assessing factors important for severe daytime sleepiness (ESS more 
than 10), age and obesity were not statistically significant. A probability of severe 
sleepiness increased in male patients (odds ratio 3.52), and when micro-arousal index was 
more than 30 (odds ratio 6.12), apnea-hypopnea index more than 35 (odds ratio 4.25), 
mean desaturation less than 90% (odds ratio 4.09), maximum desaturation less 80% (odds 
ratio 3.06), general desaturation index more than 36 per hour (odds ratio 2.86), 
desaturation index during non-REM sleep more than 38 per hour (odds ratio 3.2). In the 
multivariate analysis only arousal index more than 30 per hour increased a probability of 
severe sleepiness in patients with OSA (odds ratio 4.97). CONCLUSIONS: Hypoxemia 
depth at night is an important factor for daytime sleepiness having obstructive sleep 
apnea, but the most important is micro-arousal index. Hypoxemia depth depends on 
initial saturation and patients' body-mass index (Peculiarities of nocturnal oxygen 
saturation in obstructive sleep apnea] [Article in Lithuanian] Miliauskas S, Sakalauskas 
R. Medicina (Kaunas). 2005;41(3):217-20). This article points out that there are 
degrees or levels of hypoxia and the length of hypoxic intervals can vary. Conditions 
of energy deficit and activation of the anaerobic pathway of energy production may 
occur. These changes became more pronounced with increasing the period of hypoxic 
exposure. My question is, “What level of hypoxia is necessary to induce formation of 
HIF-1a?” 
 
In a recent study, acute intravenous administration of vitamin C was found to improve 

endothelial dysfunction in OSA subjects (Grebe M, Eisele H-J, Weissmann N, et al. 
Antioxidant vitamin C improves endothelial function in obstructive sleep apnea. Am J 
Respir Crit Care Med 2006;Epub ahead of print PMID: 16439717).  
 
However, the studies by Grebe et al. and Barceló et al. were unable to establish any 
relationship between vascular antioxidant status and/or function with 
apnoea/hypopnoea index or measures of hypoxemia (Grebe M, Eisele H-J, Weissmann 
N, et al. Antioxidant vitamin C improves endothelial function in obstructive sleep apnea. 
Am J Respir Crit Care Med 2006;Epub ahead of print PMID: 16439717) (Barceló A, 
Barbé F, de la Peña M, et al. Antioxidant status in patients with sleep apnoea and impact 
of continuous positive airway pressure treatment. Eur Respir J 2006;27:756–760).  
 

However, this association is hypothesized to underpin the process of atherosclerosis in 
OSA. Furthermore, in contrast to the study by Barceló et al., other studies have failed to 
even establish links with increased oxidative stress, both within OSA cohorts and in 
cohorts that are strongly associated with OSA, such as type 2 diabetes and metabolic 
syndrome (Wali SO, Bahammam AS, Massaeli H, et al. Susceptibility of LDL to 
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oxidative stress in obstructive sleep apnea. Sleep 1998;21:290–296) (Svatikova A, Wolk 
R, Lerman LO, et al. Oxidative stress in obstructive sleep apnea. Eur Heart J 
2005;26:2435–2439) (Il'yasova D, Morrow JD, Wagenknecht LE. Urinary F2-
isoprostanes are not associated with increased risk of type 2 diabetes. Obes Res 
2005;13:1638–1644) (Sjogren P, Basu S, Rosell M, et al. Measures of oxidized low-
density lipoprotein and oxidative stress are not related and not elevated in otherwise 
healthy men with the metabolic syndrome. Arterioscler Thromb Vasc Biol 2005;25:2580–
2586). 
 
8.0.4    EMODs  in OSA not cause of CVD 

Any sustained elevation of oxidative stress in patients with obstructive sleep apnoea 
(OSA) might help explain their increased risk for cardiovascular diseases. We tested the 
hypothesis that measures of oxidative stress are increased in otherwise healthy subjects 
with OSA when compared to closely matched OSA-free control subjects.  

Methods and results Plasma indices of oxidative stress and lipid peroxidation 
[thiobarbituric acid-reactive substances (TBARS), oxidized LDL (oxLDL), isoprostanes] 
were measured in 41 moderate-severe OSA males without other diseases and in 35 
matched controls first before sleep, then after 4 h of untreated OSA, and again in the 
morning after 4 h of effective treatment with continuous positive airway pressure 
(CPAP). Plasma levels of oxLDL, TBARS, and isoprostanes in OSA patients (n=34, 26, 
17, respectively) were comparable to the controls (n=28, 27, 15 for the three markers, 
respectively). Neither untreated OSA nor CPAP treatment nor normal sleep affected 
levels of any of the three measures of oxidative stress. There was no association between 
the severity of sleep apnoea and any measure of oxidative stress.  

Conclusion:  Otherwise healthy OSA patients, without any other co-morbidities, do 
not manifest evidence for higher oxidative stress and lipid peroxidation. Thus, 
oxidative stress and lipid peroxidation do not appear to be key mediators of increased 

cardiovascular disease in OSA patients (Oxidative stress in obstructive sleep apnoea. 
Anna Svatikova, Robert Wolk, Lilach O. Lerman, Luis A. Juncos, Eddie L. Greene, 
Joseph P. McConnell and Virend K. Somers. European Heart Journal. 2005. Vol. 26. No. 
22. pp 2435-2439). 

8.0.5   EMOD sources 

The metabolic and enzymatic sources of ROS include (but are not limited to) 
nicotinamide adenine dinucleotide phosphate oxidases, xanthine oxidase, nitric oxide 
synthase, myeloperoxidase, lipoxygenase and mitochondrial respiration.  

The intra- and extracellular accumulation of the various forms of ROS are limited by 
several endogenous and dietary-derived antioxidants. These antioxidant defenses act by 
directly suppressing the generation of free radicals, by scavenging radicals and repairing 
damaged cells. They can be broadly divided into three types. Enzymatic antioxidants 
include the superoxide dismutases and peroxidases (e.g. glutathione peroxidase), which 



act to remove most superoxides and peroxides from within cells. Metal-chelating proteins 
are antioxidants involved in the sequestration of transition metals (iron and copper) that 
can induce oxidative damage. Finally, the nonproteinaceous antioxidants include water-
soluble (e.g. ascorbate and uric acid) and lipid-soluble (e.g. vitamin E, the tocopherols) 
forms, of which the latter plays a crucial antioxidant role in radical-induced lipid 
peroxidation.  

The potential role of oxidative stress in the etiopathogenesis of atherosclerosis has been 
extensively investigated in conditions that predispose to cardiovascular disease. 
Obstructive sleep apnoea (OSA) is one such condition. In the past decade, numerous 

studies have increasingly provided evidence linking OSA to the development of both 
cardiovascular and cerebrovascular disease (Peppard PE, Young T, Palta M, Skatrud J. 
Prospective study of the association between sleep-disordered breathing and 
hypertension. N Engl J Med 2000;342:1378–1384) (Marin JM, Carrizo SJ, Vicente E, 
Agusti AG. Long-term cardiovascular outcomes in men with obstructive sleep apnoea–
hypopnoea with or without treatment with continuous positive airway pressure: an 
observational study. Lancet 2005;365:1046–1053) (Yaggi HK, Concato J, Kernan WN, 
Lichtman JH, Brass LM, Mohsenin V. Obstructive sleep apnea as a risk factor for stroke 
and death. N Engl J Med 2005;353:2034–2041). The associated risk attributable to 
OSA has been found to be independent of traditional risk factors such as age, sex 
and obesity. 
 

These studies have typically involved patients with apnoea-associated intermittent 
hypoxia, and this has led to the proposal that the development of atherosclerosis in OSA 
subjects is due to oxidative stress arising from hypoxia reoxygenation, which is similar to 
the hypoxia-reperfusion injury seen when ischaemic or hypoxic tissue is resupplied with 
oxygen-rich blood. Lavie  provides a comprehensive discussion on this subject (Lavie L. 
Obstructive sleep apnea syndrome – an oxidative stress disorder. Sleep Med Rev 
2003;7:35–51).  

8.1.0   Apoptosis triggered by nitric oxide in cardiac cells and not by EMODs 

On 11/9/07 Scientists have determined how cardiac cells die just as emergency treatments 
restore blood flow to a heart in distress, a paradox that has long puzzled doctors who are 
able to relieve pain in patients suffering from blocked arteries but can't stop the damage 
caused by the renewed rush of blood.  
 
The discovery may lead to new ways to save that dying tissue.  
 
It is the stoppage of blood flow and resulting loss of oxygen to the heart that causes 
chest pain during cardiac events. Clinicians' first order of business is restoring that 
flow with medicine or other noninvasive procedures, or even an invasive procedure, such 
as placement of a stent or balloon to open a blocked vessel.  
 
But the rush of blood -- and the oxygen it carries -- that restores a heart's beat and 



relieves the pain can also damage tissue and weaken the heart's function because cardiac 
cells die in the process. And like brain cells, cardiac cells take a long time for the body to 
replace, so the damage is difficult to repair.  
 
Researchers at Ohio State University Medical Center have traced this cell-death signal to 
the mitochondria, the principal energy source of cells, through a specialized technique. In 
experiments, cardiac cell mitochondria were isolated and subjected to ischemia and 
reperfusion -- the blockage and restart of blood flow. The researchers hope that 
identifying the origin of the cell-death signal will improve the chances of finding a way 
to stop the signal, reducing the damage associated with restored blood flow to the heart.  
 
The results were published in the Journal of Molecular and Cellular Cardiology.  
 
"This form of cardiac cell death is a major medical and health issue. The patient has 
severe pain from the loss of blood flow and oxygen to the heart, so we cannot do 
anything other than clear that artery to restore the blood and oxygen. But when that is 
done, the patient loses cardiac cells. It's a paradox," said senior study author Pedram 
Ghafourifar, associate professor of surgery and pharmacology and director of basic 
science research in the division of vascular surgery at Ohio State 's Medical Center.  
 
"The mitochondria have been suspected in this process, but to date, we haven't known for 
sure."  
 
Ghafourifar's lab developed a technique allowing researchers to watch isolated 
mitochondria in real time during this process. Using chemical probes and a novel 
technique called dual-wavelengths excitation spectrophotofluorometry, they saw that 
after the mitochrondria were subjected to ischemia followed by reoxygenation, a boost of 
calcium occurred in the mitochondria.  
 
"Calcium levels went up like never before, which is unusual, because mitochrondria 
typically are able to tightly maintain a low level of calcium," said Ghafourifar, also an 
investigator in the Davis Heart and Lung Research Institute. That glut of calcium, in 
turn, triggered an enzyme to begin churning out toxic levels of the free radical 
nitric oxide -- much more than the mitochondria could handle. And that excess of 
nitric oxide led to the release of a mitochondrial protein that sends the death signal 
to the cell.  
 
The enzyme at work in this process is called mitochondrial nitric oxide synthase, 
discovered and reported by Ghafourifar's lab in 1997. Because researchers don't know the 
cause of the calcium increase during reoxygenation of the heart, Ghafourifar and his 
colleagues have focused on the enzyme as a therapeutic target to stop the production of 
nitric oxide that leads to cell death.  
 
"The next immediate step is finding whether we can inhibit this enzyme so it doesn't 
generate excess nitric oxide during the reoxygenation phase," Ghafourifar said. The 
experimental therapies will soon be tested in animal studies.  



 
The identification of the enzyme as a target to stop cell death could influence a range of 
therapeutic options, Ghafourifar said, by applying to disease processes characterized by 
cell death, or, in the case of cancer, the refusal of cells to die when they should.  
 
"Cell death is involved in a variety of diseases that don't seem to be related," he said. "In 
cancer, cells do not die. In Parkinson's and Alzheimer's disease, cells die 
earlier than we want them to. If we figure out how cell death happens, we can put 
up a fight against a number of diseases.”  I believe that this is saying that nitric oxide is 
responsible for hypoxia/reoxygenation and not EMODs.  

8.1.1  Hypoxia Decreases Insulin Secretion 
 
It has been reported that insulin secretion decreases during hypoxia both in vitro and in 
vivo, while an increase in glucagon secretion is found only in vivo. The effect of acute 
hypoxia on the secretion of glucagon and insulin was studied in the perfused rat pancreas. 
Phentolamine, an alpha-adrenergic blocker, was perfused during the period of hypoxia to 
elucidate the role of alpha-adrenergic stimulation. Sodium ATP and dibutyryl cAMP 
were also administered to study their effects on insulin and glucagon responses during 
hypoxia. In Narimiya‘s experiments, insulin secretion was suppressed while 
glucagon secretion was increased during hypoxia. Phentolamine did not cause 
any change in insulin of glucagon secretion. When dibutyryl cAMP was added, the 
increased glucagon secretion was reduced to the basal level, whereas the decreases in 
insulin secretion were not altered. The addition of sodium ATP reversed the hypoxia-
induced decrease in insulin and the increase in glucagon secretion. These results suggest 
that a decrease in ATP production, which leads to impaired cAMP generation, pays a role 
in, and that alpha-adrenergic stimulation does not participate in the changes in, insulin 
and glucagon secretion during hypoxia in vitro (The effect of hypoxia on insulin and 
glucagon secretion in the perfused pancreas of the rat. Narimiya M, Yamada H, Matsuba 
I, Ikeda YU, Tanese T, Abe M. Endocrinology. 1982 Sep;111(3):1010-4). I believe that 
this clearly demonstrates an oxygen dependence for proper islet functioning and 
insulin secretion. Hypoxia suppresses insulin secretion, which could be happening in 
diabetes or producing a diabetic-like state. Thus, hypoxia decreases insulin secretion 
and EMOD levels. 
 
The effect of pO2s reduced below physiological levels on GSIR by isolated islets of 
Langerhans was investigated with a microperifusion apparatus that provided control of 
pO2 and rapid dynamic response. Second-phase insulin secretion was reduced 
substantially by hypoxia. The response to lower pO2 was rapid and reversible. 
Although the steady, normoxic (pO2 = 142 mmHg) second-phase secretion rate varied 
widely from one islet preparation to another, the ratio of Sx to S142 for each preparation 
could be represented by a single curve that exhibited a continuous reduction with 
decreasing pO2. For rat islets perifused 1 day after isolation, the secretion rate was nearly 
100% of the normoxic value at a pO2 of 60 mmHg, 50% at 27 mmHg (P50, the pO2 at 
which the S142 is reduced by 50%), and approximately 2% at 5 mmHg. Oxygen 
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sensitivity of second-phase secretion rate declined after 1 wk of in vitro culture: P50 was 
13 mmHg after 1 wk and remained at 10 mmHg after 2-5 wk of culture. Canine islets 
exhibited a P50 of 16 mmHg after 1 wk of culture. The reduction in insulin secretion is 
thought to be associated with the existence of pO2 gradients outside and inside the 
isolated islets, resulting in exposure of islet cells to low pO2 levels that decrease radially 
from the periphery to the core. We hypothesize that the effect of low pO2 on S is 
manifested through depletion of the energy stores of the beta-cells. The effect of hypoxia 
on S may be an important factor in some in vitro secretion studies and may play a critical 
role in the effectiveness of transplanted islets before their revascularization and of 
immunoisolated islet implantation devices (Effect of hypoxia on insulin secretion by 
isolated rat and canine islets of Langerhans. Dionne KE, Colton CK, Yarmush ML. 
Diabetes. 1993 Jan;42(1):12-21). I believe that it is possible that the effects of hypoxia 
on insulin secretion have been basically overlooked.  A lack of oxygen may be causal 
of diabetes as opposed to the oxidation hypothesis. 
 
One approach to insulin replacement therapy is transplantation of islets of Langerhans 
immunoisolated from host tissue by a semipermeable membrane. In this state, islets 
depend on diffusion of nutrients and wastes to and from the beta-cell to provide a suitable 
environment for survival and secretion. A perifusion system was constructed to test 
glucose-stimulated (100-300 mg/100 ml) insulin secretion from whole islets, or small (5-
10 cell) aggregates, under controlled pO2. First phase insulin secretion from adult rat 
islets was unaffected by hypoxic levels of pO2, but second phase secretion was rapidly 
reduced at pO2 levels below 60 mmHg in the bulk media. Secretion from single-cell 
aggregates was unaffected until pO2 levels dropped to 12 mmHg, at which point 
secretion progressively decreased with falling pO2. A theoretical reaction/diffusion 
model was developed to correlate intraislet pO2with reduced insulin secretion. Oxygen 
limited secretion was reversible, and not a result of decreased cell viability. Insulin 
secretion is more sensitive to hypoxia than is cell viability, in part because O2 uptake 
increases with glucose stimulation. These results indicate that O2 may be the 
limiting factor in the ability of immunoisolated islets to respond to blood glucose 
changes. They conclude that maintenance of a sufficiently high islet pO2 for maximal 
insulin secretion may be an important issue for graft design and implant site selection 
(Effect of oxygen on isolated pancreatic tissue. Dionne KE, Colton CK, Yarmush ML. 
ASAIO Trans. 1989 Jul-Sep;35(3):739-41). 
 
The effects of lowered O  tension on insulin secretion and changes in cellular energy 
parameters were investigated in isolated rat pancreatic islets perifused with buffers 
equilibrated with 21, 9, 5, and 1% oxygen and containing 5 mM glucose. Decreasing the 
external [O ] reduced the amount of insulin released in response to 16 mM glucose, 
20 mM alpha-ketoisocaproic acid, and 40 mM KCl. Secretion elicited by high glucose or 
KCl had declined significantly at 9% oxygen, whereas that caused by alpha-
ketoisocaproic acid became inhibited below 5% O . Lowering the oxygen tension also 
decreased the ability of islets to respond with a rise in [ATP]/[ADP] upon stimulation 
with metabolic secretagogues (Oxygen and temperature dependence of 
stimulated insulin secretion in isolated rat islets of Langerhans. , 
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Nelson D, Nelson J, Meglasson MD, Erecinska M. J Biol Chem. 1990 Oct 
15;265(29):17525-32). 
 
They have investigated the rates of glucose consumption, lactate production and insulin 
secretion by mouse insulinoma beta TC3 cells exposed to high glucose and oxygen 
concentrations in the range of 132 mmHg (normoxia) to 0 mmHg (anoxia). The rates of 
glucose consumption and lactate production, and the yield of lactate on glucose were 6.4 
+/- 0.2 nmol/h - 10(5) cells, 7.7 +/- 0.5 nmol/h - 10(5) cells, and 1.2 +/- 0.1 respectively, 
at oxygen concentrations between 132-25 mmHg. These values increased gradually as the 
oxygen concentration was reduced below 25 mmHg, reaching a maximum value of 12.8 
+/- 0.4, 23.8 +/- 1.1, 1.9 +/- 0.1 respectively, at complete anoxia. Insulin secretion 
remained constant at 360 +/- 24 pmol/h - 10(8) cells at oxygen concentrations 
between 132-7 mmHg, but was inhibited at lower oxygen concentrations, dropping 
to 96 +/- 24 pmol/h - 10(8) cells at 0 mmHg. The rate of insulin secretion in the 
presence of high glucose under anoxia was significantly higher than the rate of basal 
secretion at normoxia. The secretory properties of beta TC3 cells at low oxygen 
concentrations may have implications in the development of a diffusion-based 
bioartificial tissue constructs for the long-term treatment of Insulin Dependent Diabetes 
Mellitus (Effects of oxygen on metabolic and secretory activities of beta TC3 cells. Papas 
KK, Long RC Jr, Constantinidis I, Sambanis A. Biochim Biophys Acta. 1996 Oct 
24;1291(2):163-6). 
 
The role of beta-cell metabolism for generation of oscillatory insulin release was 
investigated by simultaneous measurements of oxygen tension (pO2) and insulin release 
from individual islets of Langerhans. The magnitude of glucose-induced change in p 
O2 varied between islets but was positively correlated to the amount of insulin 
released. When 1 mmol/l tolbutamide was added to the perifusion medium containing 11 
mmol/l glucose no change in average oscillatory pO2 was observed despite a doubling in 
the secretory rate. When 8 mmol/l 3-oxymethyl glucose was added to perifusion medium 
containing 3 mmol/l D-glucose, neither pO2 nor insulin release of the islets were 
changed. Temporal analysis of oscillations in pO2 and insulin release revealed that 
maximum respiration correlated to maximum or close to maximum insulin release. 
CONCLUSION: The temporal relation between oscillations in pO2 and insulin release 
supports a role for metabolic oscillations in the generation of pulsatile insulin release 
(Oscillations in oxygen tension and insulin release of individual pancreatic ob/ob mouse 
islets. Ortsater H, Liss P, Lund PE, Akerman KE, . Bergsten P Diabetologia. 2000 
Oct;43(10):1313-8). 
 

Normally, pancreatic islets have a dense glomerular-like capillary network in which 
the capillaries course through the islet in a tortuous fashion that is ideal for the 
delivery of oxygen and nutrients to the islet cells and for the dispersal of the secreted 
hormones to the target organs. This pancreatic islet angioarchitecture entails a blood 
perfusion of the pancreatic islets that is 10 times higher than that in the exocrine pancreas 

and similar to that seen in the renal cortex. They syngeneically transplanted islets to three 

different implantation sites of diabetic and nondiabetic rats, then 9–12 weeks later they 
measured the blood perfusion and compared the tissue partial pressure of oxygen (PO2) 
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levels of these transplanted islets to endogenous islets. There were no differences in 
islet graft blood perfusion between diabetic and nondiabetic recipients. Within native 
pancreatic islets, the mean PO2 was 40 mmHg; however, all transplanted islets had a 
mean PO2 of 5 mmHg. The oxygen tension of the grafts did not differ among the 
implantation sites. In diabetic recipients, an even lower PO2 level was recorded in the 
islet transplants. They conclude that the choice of implantation site seems less important 
than intrinsic properties of the transplanted islets with regard to the degree of 
revascularization and concomitant blood perfusion. Furthermore, the mean PO2 level in 
islets implanted to the kidney, liver, and spleen was markedly decreased at all three 
implantation sites when compared with native islets, especially in diabetic recipients. 
These results are suggestive of an insufficient oxygenization of revascularized 
transplanted islets, irrespective of the implantation site (Markedly Decreased Oxygen 
Tension in Transplanted Rat Pancreatic Islets Irrespective of the Implantation Site  
Per-Ola Carlsson, Fredrik Palm, Arne Andersson, and Per Liss. Diabetes 50:489-495, 
2001). Obviously, oxygen levels are integrally directly related to islet function. 
 
Tissues of DM discharge more lactate than healthy people. As lactate is only a 
metabolite of glycolysis it is sure that tissues of diabetics undergo severe oxygen 
debt.  
 
Debility is shared by all diabetics. This symptom is observed even after sugar level is 
normalized, which implicates DM is about more than so called insulin resistance. 
This also implicates diabetics couldn’t generate lasting amount of energy. When oxygen 
is in debt, cells have no way to generate adequate lasting amounts of energy. 
 
8.1.2   Hypoxia and Adipocytes 
 
Some of the following material was abstracted, excerpted or modified from:  
Hyperglycemia Potentiates H2O2 Production in Adipocytes and Enhances Insulin Signal 
Transduction: Potential Role for Oxidative Inhibition of Thiol-Sensitive Protein-Tyrosine 
Phosphatases. Xian Dong Wu et al. Antioxid Redox Signal. 2005; 7(5-6): 526–537.  
 
Some of the following was modified from:  Zhong Yun, Ph.D. website. 

Oxygen is essential to all aerobic life forms on earth. In addition to its role in energy 
metabolism, oxygen has broad biological impact from embryogenesis to adulthood. This 
notion is strongly supported by the fact that mammalian embryos develop in a 
low oxygen or hypoxic environment (≤3% O2) during the first trimester. 
Furthermore, recent studies from Yun and other laboratories have shown that oxygen can 
directly regulate the differentiation of stem/precursor cells, and may participate in the 
maintenance of stem cells in the stem cell niche.  

Because of the limited oxygen concentration in the air, oxygen-sensing mechanisms exist 
from bacterial to mammalian cells to deal with hypoxia or oxygen deficiency. The 
hypoxia-signal transduction mediated by the hypoxia-inducible factor (HIF) is highly 
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conserved from fly to mammalian cells. In mammals, hypoxia can occur due to 
physiological or pathological stresses, such as strenuous physical exercise, adventure 
to high altitude, cardio/pulmonary malfunction, decreased endothelial functions, 
tissue wounds or damage, and cancer. Hypoxia has significant effects on the 
metabolism of ischemic tissues, wound healing, malignant progression of cancer and 
therapeutic response of cancer cells.  

8.1.3   Causes and consequences of inflammation in obesity 
 
It has increasingly been considered that the inflammatory state of obesity and particularly 
the production of inflammatory adipokines, is important etiologically in the development 
of the diseases associated with a high BMI. Thus Type II diabetes and atherosclerosis, 
as well as the other components of the metabolic syndrome, have been causally linked 
to inflammation. This accords with the growing recognition of the importance of 
inflammation as a component of a wide range of diseases, including those 
associated with aging such as the dementias.  
 
Little attention has been paid to the question of why obesity should be accompanied by 
inflammation. Some have argued the parsimonious view that WAT is the main site 
of direct inflammation in obesity, raised circulating levels of inflammatory markers 
largely reflecting spill over from the tissue rather than systemic inflammation. If this is 
indeed the case, then why should adipose tissue show a growing inflammatory response 
as obesity develops? Others have recently proposed that hypoxia may be the critical 
factor, the underlying proposition being that as WAT mass expands clusters of adipocytes 
distant from the vasculature may become relatively hypoxic (Trayhurn, P. and Wood, I.S. 
(2004) Br. J. Nutr. 92, 347–355). It is suggested that the initiation of hypoxia leads to the 
stimulation of the release of inflammatory cytokines, chemokines and angiogenic factors, 
the function of which is to increase blood flow and stimulate vascularization. This has 
parallels with wound healing and the situation in solid tumors (Hopfl, G., Ogunshola, 
O. and Gassmann, M. (2004) Am. J. Physiol. Reg. Integr. Comp. Physiol. 286, R608–
R623).  
 
In considering this proposition it is important to note that WAT is not highly vascularized 
(in particular compared with brown fat), that the proportion of blood flow going to the 
tissue is decreased in obesity and that the obese do not exhibit the post-prandial increase 
in blood flow to the tissue that occurs in lean subjects. The transcription factor HIF-1 
(hypoxia -inducible factor-1) plays a critical role in the transduction of the metabolic 
response to hypoxia. Indeed, it is regarded as the ‘molecular sensor of low oxygen 
tension’. HIF-1 is composed of α and β subunits, the β-subunit being expressed 
constitutively. HIF-1 is activated in hypoxia by the stimulation of the expression of the 
HIF-1α subunit to form the functional transcription factor. HIF-1α and HIF-1 are 
expressed in adipocytes and hypoxia in cell culture leads to increased levels.  
 
The expression of a number of genes in other tissues is sensitive to low oxygen tension, 
including those encoding glycolytic enzymes and the facilitative glucose transporter, 
GLUT1, as well as PAI-1 and VEGF. Expression of two specific adipokines, lep- 



tin and VEGF, has been shown to be induced by hypoxia in adipocytes in culture . 
  
It is now evident that adipocytes are key endocrine cells, releasing a large number 
of protein signals and factors. Adipocytes carry on cross talk with other cells within the 
tissue, such as macrophages, as well as other organs. A potent example of the cross-talk 
is the two-way communication between adipocytes and the hypothalamus –through 
leptin and the sympathetic nervous system. Following the observation that on severe 
exercise, skeletal muscle releases large quantities of IL-6 (which stimulates lipolysis in 
WAT), the concept of ‘myokines’ as secreted proteins from myocytes has been 
introduced. 
 
There is the important question of whether inflammation and the release of inflammatory 
adipokines occurs uniquely in obesity, or whether it is characteristic of any situation 
where there is a marked increase in adipose tissue mass. Such physiologically 
programmed changes in body fat include late pregnancy and prehibernatory and 
premigratory fattening. In principal, universality would be expected. (Signalling role of 
adipose tissue: adipokines and inflammation in obesity. P. Trayhurn and I.S. Wood. 
Biochemical Society Transactions (2005) Volume 33, part 5, pp. 1078-1081) 
  
8.1.4   Hypoxia and the regulation of cancer cell differentiation 

Hypoxia and the regulation of cancer cell differentiation. Hypoxia occurs in 
majority of solid tumors. Tumor hypoxia is strongly correlated with advanced 
disease stage and poor clinical outcome. This is, in part, due to increased genomic 
instability in hypoxic tumor cells and enhanced resistance of hypoxic tumors to radio- 
and chemo-therapy. Recently, increasing amounts of evidence suggest that hypoxic 
tumor cells tend to be poorly differentiated. Yun et al hypothesize that hypoxia inhibits 
cancer cell differentiation and thus arrests tumor cells in their undifferentiated state. Their 
hypothesis represents a novel approach to the understanding of tumor progression under 
hypoxic conditions. It is widely accepted that tumorigenic or tumor-initiating cells 
possess stem cell-like properties. Poorly differentiated tumor cells are almost always 
more tumorigenic and more malignant than their well-differentiated counterparts. The 
extensive proliferative potentials and long lifespan will allow the undifferentiated tumor 
cells to accumulate stable genetic and epigenetic changes that eventually confer the 
malignant phenotype.  

Therefore, hypoxia-mediated differentiation arrest of tumorigenic cells provides a 
platform that allows continuous accumulation and perpetuation of both genetic and 
epigenetic changes that result in tumor malignancy (Yun, Z., Lin, Q., and Giaccia, A.J. 
(2005) Adaptive Myogenesis under Hypoxia. Mol. Cell. Biol. 25:3040-3055) (Swiersz, 
L., Giaccia, A.J. and Yun, Z. (2004) Oxygen-Dependent Regulation of Adipogenesis. 
Methods Enzymol. 381:387-95) (Yun, Z. and Giaccia, A.J. (2003) Tumor Deprivation of 
Oxygen and Tumor Suppressor Gene Function. Methods Mol. Biol. 223:485-504) (Yun, 
Z., Maecker, H. L., Johnson, R. S. and Giaccia, A. J. (2002) Inhibition of PPAR g 2 Gene 
Expression by the HIF-1 Regulated Gene DEC1/Stra13: A Mechanism for Regulation of 
Adipogenesis by Hypoxia. Developmental Cell 2:331-341) (Maecker, H. L., Yun, Z.; 



Maecker, H. T., and Giaccia, A. J. (2002) Epigenetic Changes in Tumor Fas Levels 
Determine Immune Escape and Response to Therapy. Cancer Cell. 2:139-148).  

8.1.5   Tumor cells prefer glycolysis even under normoxia (Warburg effect) 

Activation of Bax and Bak, which act to permeabilize the mitochondrial membrane, is an 
essential step in the cell death response and therefore in the suppression of tumorigenesis. 
However, the mechanisms that regulate activation are poorly understood. Oxidative 
phosphorylation is required for the activation of Bax and Bak and cell death triggered by 
disparate death stimuli. The reliance of tumor cells on glycolysis in 
preference to oxidative phosphorylation even under normoxic 
conditions (Warburg effect) may therefore be a potential means by 
which these cells evade programmed cell death (Critical role for mitochondrial 
oxidative phosphorylation in the activation of tumor suppressors Bax and Bak. A. 
Tomiyama et al. J Natl Cancer Inst. 2006 Oct 18;98(20):1462-73). I believe that 
Warburg was on the right track but he was unaware of EMODs, which are of 
crucial importance for apoptosis-induced cancer cell death. 

8.1.6   Wound hypoxia decreases PMN respiratory burst and EMOD production 

Respiratory burst activity, ie, superoxide production, is dependent on PO2, temperature, 
pH, and glucose concentrations within the physiologic range. Objectives: To determine 
whether environmental conditions characteristic of wounds may limit human neutrophil 
respiratory burst metabolism and to clarify the degree to which bactericidal oxidant 
production depends on local PO2. Methods: Human blood and wound neutrophils were 
stimulated with phorbol myristate acetate. Oxygen consumption and superoxide 
production were measured over a range of 30 to 300 mm Hg PO2, 0 to 40 mmol/L 
glucose, pH 6.0 to 8.0, and 30°C to 37°C The apparent Michaelis Menten constant for 
oxidant production with respect to PO2 was calculated. Results: Oxygen consumption and 
O2[-]production were dependent on PO2 throughout the range tested. Half-maximal 
oxidant production occurred in the range of 45 to 80 mm Hg PO2 and maximal at 
PO2 higher than 300 mm Hg. These data agree with the highest previous estimates. 
Oxidant generation was also dependent on pH, temperature, and glucose 
concentration, but to a lesser extent. Conclusions: Leukocyte bacterial killing capacity 
as measured by oxygen consumption and superoxide production are substantially 
impaired at the low oxygen tensions often found in wounds. Changes in pH, 
temperature, and glucose concentration have lesser but nonetheless significant 
consequences. The data provide a plausible mechanism for the vulnerability of some 
wounds to infection and for the previous finding that increasing oxygen tension at wound 
sites enhances bactericidal function. Thus, the data serve as a basis for future studies on 
prevention of wound infection (Wound hypoxia and acidosis limit neutrophil bacterial 
killing mechanisms. Allen D. B. et al. Archives of surgery. 1997, vol. 132, no. 9, pp. 991-
996).  I had predicted that wounds would be hypoxic and this would allow for 
proliferation of newly formed cells during healing.  This has cross-over implications 
for cancer growth.  Both are dependent upon hypoxia and lower levels of EMODs.  
Clearly, as O2 consumption decreases, so does EMOD production.  We are 



frequently erroneously told that hypoxia increases EMOD production, but that is 
not true. 

8.1.7   Hypoxia and smoking reduce wound healing 

Smokers who undergo general and orthopedic surgery have a higher incidence of 
wound infections than nonsmokers (Kurz A, Sessler DI, Lenhardt R. Perioperative 
normothermia to reduce the incidence of surgical-wound infection and shorten 
hospitalization. Study of Wound Infection and Temperature Group. N Engl J Med. 
1996;334:1209–1215) (Lind J, Kramhoft M, Bodtker S. The influence of smoking on 
complications after primary amputations of the lower extremity. Clin Orthop. 
1991;267:211–217)  (Sorensen LT, Horby J, Friis E, et al. Risk factors for impaired 
wound healing and infection in breast cancer surgery. Eur J Surg Oncol 2002;28;815–
820). The patient should be urged to cease using tobacco, which causes arterial 
vasoconstriction. 
  
The proposed mechanism is a detrimental effect of smoking on tissue oxygen 
(Morecraft R, Blair WF, Brown TD, et al. Acute effects of smoking on digital artery 
blood flow in humans. J Hand Surg. 1994;19:1–7) (Jensen JA, Goodson WH, Williams 
H, et al. Cigarette smoking decreases tissue oxygen. Arch Surg. 1991;126:1131–1134) 
(Cryer PE, Haymond MW, Santiago JV, et al. Norepinephrine and epinephrine release 
and adrenergic mediation of smoking-associated hemodynamic and metabolic events. N 
Engl J Med. 1976;295:573–577) (Jensen JA, Jonsson K, Goodson WH, et al. Epinephrine 
lowers subcutaneous wound oxygen tension. Curr Surg. 1985;42:472–474) (Astrup P, 
Hellung-Larsen P, Kjeldsen K, et al. The effect of tobacco smoking on the dissociation 
curve of oxyhemoglobin. Investigations in patients with occlusive arterial diseases and in 
normal subjects. Scand J Clin Lab Invest. 1966;18:450–457). 
  
Tissue hypoxia impairs the reparative processes of wound healing and the 
neutrophil defense against surgical pathogens (Jorgensen LN, Kallehave F, 
Christensen E, et al. Less collagen production in smokers. Surgery. 1998;123:450–455) 
(Hunt TK, Hopf HW. Wound healing and wound infection. What surgeons and 
anesthesiologists can do. Surg Clin North Am. 1997;77:587–606) (Babior BM. Oxygen-
dependent microbial killing by phagocytes. N Engl J Med. 1978;298:659–668) (Allen 
DB, Maguire JJ, Mahdavian M, et al. Wound hypoxia and acidosis limit neutrophil 
bacterial killing mechanisms. Arch Surg. 1997;132:991–996). 
  
Clinical studies show that wound hypoxia predicts wound infection, and that 
perioperative supplemental oxygen increases tissue oxygen tension and decreases 
incisional wound infection (Hopf HW, Hunt TK, West JM, et al. Wound tissue oxygen 
tension predicts the risk of wound infection in surgical patients. Arch Surg. 
1997;132:997–1004) (Greif R, Akca O, Horn EP, et al. Supplemental perioperative 
oxygen to reduce the incidence of surgical-wound infection. Outcomes Research Group. 
N Engl J Med. 2000;342:161–167) (Gottrup F. Prevention of surgical-wound infections. 
N Engl J Med. 2000;342:202–204). 
 



Recently, a study found that smoking intervention before hip and knee alloplasty 
reduces postoperative wound infections (Moller AM, Villebro N, Pedersen T, et al. 
Effect of preoperative smoking intervention on postoperative complications: a 
randomised clinical trial. Lancet. 2002;359:114–117).  

Healthy smokers have a higher incidence of wound infections and ruptures than never-
smokers, and 4 weeks of abstinence from smoking reduces wound infections to a level 
similar to never-smokers (Abstinence From Smoking Reduces Incisional Wound 
Infection. A Randomized Controlled Trial. Lars Tue Sorensen et al. Ann Surg. 2003 July; 
238(1): 1–5). 
 
Hypoxia can compromise  wound healing, whereas improved tissue oxygenation can 
restore a favorable cellular milieu in which the wound healing process and host 
antibacterial mechanisms, particularly against anaerobes, are enhanced.  In my 
view, if there is inadequate oxygen levels (EMODs) to fight bacteria, then infections 
will result, as will delayed wound healing. 

8.1.8   Basic wound healing considerations. Is inflammation needed? 

A basic question which I have is, “Can a wound heal without inflammation?”  I am 
also fascinated by the similarities of characteristics of a healing wound and a cancerous 
growth.  It appears to me that the conditions of hypoxia and a low EMOD level 
provides for cellular proliferation in both.  However, later in wound healing, higher 
levels of EMODs must be present to provide for collagen formation. 

Some of the following material was abstracted, excerpted or modified from:  Wound 
Healing, Chronic Wounds. Author: Jorge de la Torre, MD, FACS. eMedicine website. 

Wound repair must occur in a physiologic environment conducive to tissue repair and 
regeneration. However, several clinically, significant factors are known to impede wound 
healing, including hypoxia, infection, tumors, metabolic disorders such as diabetes 
mellitus, the presence of debris and necrotic tissue, certain medications, and a diet 
deficient in protein, vitamins, or minerals. In addition, increased metabolic demands are 
made by the inflammation and cellular activity in the healing wound, which may require 
increased protein or amino acids, vitamins, and minerals. I believe that the common 
thread linking diabetes, delayed wound healing, cancer, decreased blood flow from 
atherosclerosis is hypoxia and consequent EMOD insufficiency. 

The inflammatory phase of wound healing is clinically characterized by the cardinal 
signs of redness (rubor), heat (calor), swelling (tumor), pain (dolor), and loss of 
function (functio laesa). The physiologic processes underlying this inflammation begin 
immediately upon tissue injury. Simultaneously, the coagulation cascade, the arachidonic 
acid pathways, and the creation of growth factors and cytokines work together to initiate 
and maintain the inflammatory phase and the sequence of cells involved in the process. 
After the initial insult and resultant vasoconstriction, vascular permeability is then 
increased. The classic signs of inflammation are generated by these metabolites. For 



example, the redness caused by vasodilation is primarily a result of prostacyclin (PGI2). 
Others include prostaglandin A, prostaglandin D, and prostaglandin E (PGE). Swelling is 
caused by the leakage of plasma proteins through gaps in the vascular endothelium. This 
edema is potentiated by PGE2 and prostaglandin F2-alpha (PGF2-alpha). PGI2 and PGE2 
promote local blood flow, causing the localized warmth in the area of inflammation, but 
also allow for entry of inflammatory cells into the wound, which is due to increased 
vascular permeability. 

Activated platelets are the most abundant cells in the wound in the early post injury 
period. After hemostasis has been obtained, polymorphonuclear (PMN) leukocytes enter 
the area of injury, drawn by chemotactic substances such as those released with the 
degranulation of platelets. These are then the predominant cells for the first 3 days after 
wounding, with the number peaking at approximately 48 hours. They are the first to 
begin bactericidal activities using inflammatory mediators and oxygen free radical 
metabolites. However, PMN leukocytes have been shown to not be crucial to the 
wound healing process, with normal healing progression occurring experimentally 
in their absence. 

Circulating monocytes enter the wound after the PMN leukocytes and reach their 
maximum numbers 24-36 hours later. They mature into tissue macrophages, which carry 
the major load of wound debridement. The depletion of macrophages causes a severe 
alteration in wound healing, with poor debridement and inadequate fibroblast 
proliferation and angiogenesis.  

The cellular population of the wound becomes predominantly mononuclear, with a 
declining number of neutrophils and macrophages, signaling the end of the inflammatory 
phase and the initiation of the proliferative phase. Corticosteroids suppress 
inflammation at all levels, thereby blunting this phase of healing. Vitamin A reverses 
the negative effects of steroids and is indicated for topical and systemic application for all 
patients with chronic wounds who cannot discontinue corticosteroid therapy. 

A chronic wound occurs when some factor causes the disruption of the normal, controlled 
inflammatory phase or the cellular proliferative phase. Thus, each wound should be 
evaluated to determine what factors are present and how to correct the problem. Many 
factors can contribute to poor wound healing. The most common include local causes 
such as wound infection; tissue hypoxia; repeated trauma; the presence of debris and 
necrotic tissue; and systemic causes such as diabetes mellitus, malnutrition, 
immunodeficiency, and the use of certain medications. 

Wound infection is likely the most common reason for poor wound healing. All wounds 
are contaminated with bacteria. Whether a wound becomes infected is determined by the 
host's immune competence and the size of the bacterial inoculum. With normal host 
defenses and adequate debridement, a wound may bear a level of 100,000 (105) 
microorganisms per gram of tissue and still heal successfully. Beyond this number, a 
wound may become infected.  



Tissue perfusion may be impaired by arterial occlusion or vasoconstriction, hypotension, 
hypothermia, and peripheral venous congestion. Reduced wound oxygen tension can 
delay wound healing by slowing the production of collagen. Collagen fibril cross-
linking begins to fail as tissue oxygen pressure falls below 40 mm Hg because oxygen 
is required for the hydroxylation of proline and lysine to synthesize mature collagen. 
Wound hypoxia also predisposes to bacterial infection because the leukocyte's 
oxidative phosphorylation bactericidal activities are severely impeded without 
normal tissue oxygen levels. 

Ergo, excessive hypoxia can lead to poor collagen formation and infection. 

The first principle in managing chronic wounds is to diagnose and treat any underlying 
circulatory disease. The second principle is never to allow open wounds to dry. A third 
principle, but not less important, is to control any infections with adequate care of the 
lesion and systemic antibiotics. Finally, its also necessary to recognize that chronically 
scarred tissue is usually poor perfused.  All of these indicate that chronic wounds 
have low oxygen levels and consequently low EMOD levels.  This is a setup for 
neoplasia and infections. 

Because an adequate tissue oxygen tension directly correlates with the 
success of wound healing, optimizing oxygen tension is essential in all 
patients with any type of wound. 

8.1.9   Embryonic wound healing produces no inflammation or scar 

Dr. Paul Martin has studied wound healing in animal embryos.  His observations suggest 
that embryos are so good at healing wounds because they are using the same 
portfolio of tools they normally use to shape their bodies during development – perhaps 
repair simply recapitulates embryogenesis. Surprisingly, until relatively late stages of 
development, all organisms are exceptionally good at healing wounds; they repair any 
tissue damage rapidly and efficiently and do not leave a scar. 
 
One major and significant difference between wound healing in the embryo and adult is 
the inflammatory response. Whenever an adult tissue is injured, a massive inflammatory 
response is raised, with white blood cells recruited from the bloodstream to the site of the 
wound. In the embryo no such inflammatory response occurs. Using a transgenic 
‘knock-out’ mouse that has no inflammatory cells, he are able to test the requirement of 
the inflammatory response during adult tissue repair. These studies strongly suggest that 
repair is better off without inflammation – just as it is in the embryo. 
 
The cutaneous wound healing process is known to differ between fetal and adult skin. 
Wound repair in adult skin begins with an acute inflammatory phase and ends with the 
formation of a permanent scar. In contrast, early gestation fetal wounds (first and 
second trimester) heal in a near perfect fashion, rapidly and without the production 
of a scar (Chin GS, Stelnicki EJ, Gittes GK, Longaker MT: Characteristics of fetal 
wound repair. Garg HG Longaker MT eds. Scarless wound healing 2000:pp 239-257 



Marcel Dekker, New York) (Ehrlich HP: Collagen considerations in scarring and 
regenerative repair. Garg HG Longaker MT eds. Scarless wound healing 2000:pp 99-114 
Marcel Dekker, New York).  
 
There has been much interest in characterizing the key factors responsible for the switch 
from scarless healing to an adult-like, scar-producing phenotype typical of skin past the 
second trimester of gestation. Identification of differences in the two types of healing 
could identify factors that promote scar tissue generation. A key feature of scarless fetal 
healing appears to be a lack of inflammation in response to the wounding event (Lin 
RY, Sullivan KM, Argenta PA, Meuli M, Lorenz HP, Adzick NS: Exogenous 
transforming growth factor-beta amplifies its own expression and induces scar formation 
in a model of human fetal skin repair. Ann Surg 1995, 222:146-154) (Liechty KW, Kim 
HB, Adzick NS, Crombleholme TM: Fetal wound repair results in scar formation in 
interleukin-10-deficient mice in a syngeneic murine model of scarless fetal wound repair. 
J Pediatr Surg 2000, 35:866-872872–863).  
 
The COX-2 pathway is an integral component of inflammation.  Metabolites and 
enzymes of the arachidonic acid cascade, including the cyclooxygenase-2 (COX-2) 
enzyme and its enzymatic product prostaglandin E2 (PGE2), are known to be critical 
mediators of the inflammatory response. PGE2, a COX-2 product shown to mediate many 
processes in the skin, caused a delay in healing and the production of a scar when 
introduced into early fetal wounds. 
 
The COX-2 enzyme and its product PGE2 are known to modulate inflammation in 
the skin in response to stimuli such as ultraviolet light exposure and topical 
administration of the tumor promoter TPA (12-O-tetradecanoylphorbol-13-acetate) 
(Fosslien E: Molecular pathology of cyclooxygenase-2 in neoplasia. Ann Clin Lab Sci 
2000, 30:3-21) (Kwak WJ, Han CK, Son KH, Chang HW, Kang SS, Park BK, Kim HP: 
Effects of ginkgetin from ginkgo biloba leaves on cyclooxygenases and in vivo skin 
inflammation. Planta Med 2002, 68:316-321).  
 
While there have been reports that COX-2 inhibition can be detrimental to gastric 
healing and bone repair, this does not appear to be true for healing in the skin (Guo 
JS, Cho CH, Lam Liu ES, Choy HT, Wang JY, Leung Koo MW: Antiangiogenic effect 
of a highly selective cyclooxygenase-2 inhibitor on gastric ulcer healing in rats. Toxicol 
Appl Pharmacol 2002, 183:41-45).  
 
Recent studies have shown that reducing PGE2 with the use of inhibitors specific for the 

COX-2 enzyme does not have an effect on wound re-epithelialization or tensile 
strength, although it has been suggested that reducing PGE2 by inhibiting COX-1, the 
"constitutive" homologue of COX-2, may have an effect. While it seems that COX-2 
inhibition does not deter the proper re-epithelialization of wounds of the skin, several 
studies now implicate the COX-2 pathway in the regulation of the inflammatory phase of 
cutaneous wound repair (Wilgus TA, Vodovotz Y, Vittadini E, Clubbs EA, Oberyszyn 
TM: Reduction of scar formation in full-thickness wounds with topical celecoxib 
treatment. Wound Repair Regen 2003, 11:25-34).  



 
Inhibition of this inflammatory pathway has also been suggested to reduce scar 
formation (Wilgus TA, Vodovotz Y, Vittadini E, Clubbs EA, Oberyszyn TM: Reduction 
of scar formation in full-thickness wounds with topical celecoxib treatment. Wound 
Repair Regen 2003, 11:25-34). This observation fits with fetal wound healing studies 
demonstrating a lack of inflammation in wounds that heal without a scar. 
 
Besides the wounds themselves, fetal fibroblasts, thought to be an important regulator of 
scarless healing, were also assessed for COX-2 content. Similarly to what was found in 
wound tissue, higher COX-2 levels were also detected in cultured fetal fibroblasts isolated 
from E18 skin compared to fibroblasts isolated from E15 skin. High COX-2 expression 
and PGE2 production are believed to contribute to the uncontrolled proliferation of 

tumor cells, as well as to mobilization and invasion, so it is conceivable that higher 
COX-2 expression in fibroblasts could stimulate their own activation, migration, and/or 
proliferation, augmenting scar tissue production. A case for COX-2 and its product, PGE2, 
being important for scarring has also been made in adult wound healing studies (Talwar 
M, Moyana TN, Bharadwaj B, Tan LK: The effect of a synthetic analogue of 
prostaglandin E2 on wound healing in rats. Ann Clin Lab Sci 1996, 26:451-457).  
 

The data presented further advance our understanding about the conditions necessary for 
scarless healing by suggesting that low levels of COX-2 expression and PGE2 may be 
necessary for the scarless repair of fetal skin. 
 
Significant reduction of peroxisomes and their enzymes is observed in inflammatory 
processes including infections, ischemia-reperfusion injury, and allograft rejection and 
seems to be related to the suppressive effect of tumor necrosis factor-alpha on 
peroxisome function and peroxisome proliferator activated receptor-alpha. 
 
8.2.0   Molecular inflammatory theory of aging 
 
"If I'd known I was going to live this long, I would have taken better care of myself."  

— Eubie Blake, American ragtime musician, who lived well into his 90s  

In the 1950s, Harman proposed the "free radical theory," postulating that damage to 
cellular macromolecules via free radical production in aerobic organisms is a major 
determinant of life span (Harman D. Aging: a theory based on free radical and radiation 
chemistry. J Gerontol 11: 298–300, 1956). 

Harman defines aging as the progressive "... accumulation of diverse deleterious changes 
in cells and tissues with advancing age that increase the risk of disease and death." 
(Harman D. Aging: overview. Ann NY Acad Sci 928: 1–21, 2001). This definition 
illustrates two widely recognized and equally important aspects of the aging process: 1) 
aging is characterized as a progressive decline in biological functions with time, and 2) 

aging results in a decreased resistance to multiple forms of stress, as well as an increased 



susceptibility to numerous diseases.  (Harman D. The free radical theory of aging. 
Antioxid Redox Signal 5: 557–561, 2003). 

 
Another aging  theory that has gained more attention in recent years is the molecular 
inflammatory theory of aging, whereby the activation of redox-sensitive 
transcriptional factors by age-related oxidative stress causes the upregulation of 
proinflammatory gene expression. As a result, various proinflammatory molecules are 
generated, leading to inflammation processes in various tissues and organs. This 
inflammatory cascade is exaggerated during aging and has been linked with many age-
associated pathologies, such as cancer, various cardiovascular diseases, arthritis, and 
several neurodegenerative diseases (Chung HY, Sung B, Jung KJ, Zou Y, Yu BP. The 
molecular inflammatory process in aging. Antioxid Redox Signal 8: 572–581, 20).  
 
Interestingly, a common phenomenon in aging-related pathologies is the discovery of 
ROS as a potential unifying mechanism contributing to many of these diseases (Fortuno 
A, Jose GS, Moreno MU, Diez J, Zalba G. Oxidative stress and vascular remodelling. 
Exp Physiol 90: 457–462, 2005) (Madamanchi NR, Vendrov A, Runge MS. Oxidative 
stress and vascular disease. Arterioscler Thromb Vasc Biol 25: 29–38, 2005) (Moreira PI, 
Smith MA, Zhu X, Nunomura A, Castellani RJ, Perry G. Oxidative stress and 
neurodegeneration. Ann NY Acad Sci 1043: 545–552, 2005) (Perry G, Nunomura A, Hirai 
K, Zhu X, Perez M, Avila J, Castellani RJ, Atwood CS, Aliev G, Sayre LM, Takeda A, 
Smith MA. Is oxidative damage the fundamental pathogenic mechanism of Alzheimer's 
and other neurodegenerative diseases? Free Radic Biol Med 33: 1475–1479, 2002). 
 
Despite much investigation in recent years, no single theory has been 
completely successful in explaining the aging process.  Actually, I believe 
that no theory is even close to explaining aging in man.  In fact, while many 
investigators focus on a limited number of genes in selected model organisms, current 
evidence has led to the suggestion that it is impossible for aging to be accounted for 
by a single theory (Kirkwood TBL. Understanding the odd science of aging. Cell 120: 
437–447, 2005). 
 
8.2.1   ROS are stigmatized unwanted metabolic products 
 
Although reactive oxidants have long been stigmatized as unwanted metabolic 
byproducts, the expression of oxidases specifically functioning to produce these 
same molecules in a regulated fashion is surprisingly pervasive throughout 
metazoan and plant evolution. Although the involvement of oxidants in many signaling 
pathways is well documented, the cellular strategies for conferring pathway specificity to 
such reactive molecules have remained more recondite. Recent studies now suggest that 
cells may spatially restrict oxidant production to allow microdomain-specific signaling 
(Specificity in reactive oxidant signaling: think globally, act locally. L.S. Terada. JCB, 
Volume 174, Number 5, 615-623, 2006). 
 



8.2.2   Lipid peroxidation is dissociated from cause of atherosclerosis 

These inconsistent findings probably reflect the complexity of the vascular 
pathophysiology of atherosclerosis in all conditions that are associated with an increased 
risk for cardiovascular disease. Stocker and Keaney highlighted that the 
process of lipoprotein lipid peroxidation can be dissociated from 
atherosclerosis, and studies that do demonstrate an association have, to date, been 
unable to demonstrate causation (Stocker R, Keaney JF Jr. Role of oxidative 
modifications in atherosclerosis. Physiol Rev 2004;84:1381–1478)  

Furthermore, human antioxidant clinical trials have, to a large extent, 
failed to demonstrate any improvement in cardiovascular outcomes 
(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) (Lee IM, Cook NR, Gaziano JM, 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).  

The reality is that it is probably simplistic to link intermittent hypoxemia in obstructive 
sleep apnoea to cardiovascular end-points as a direct cause–effect relationship. Certain 
obstructive sleep apnoea patients may well be more susceptible to cardiovascular disease, 
and methods for the detection of these patients need to be developed. Ultimately, large 
intervention studies will be required that are beyond the resources of one centre and will 
require multinational initiatives. Such studies may include factorial designs with 
continuous positive airway pressure, sham continuous positive airway pressure and, 
indeed, dietary antioxidant supplementation, and collect data on genetic factors. Given the 
increasing evidence that obstructive sleep apnoea is a cardiovascular hazard, it is 
probably time for the sleep apnoea field to move away from small mechanistic studies 
and make the radical change to implement such a research program (Obstructive sleep 
apnoea: time for a radical change? C. L. Phillips and R. R. Grunstein. Eur Respir J 2006; 
27:671-673). 

8.2.3   Hyoxia as a cause of atherosclerosis 

Endothelial injury In their article (Can Med Assoc J 1990; 142: 349) Dr. Avrum I.  
Gotlieb and Edward W.Y. Koo mention a number of ways in which arterial endothelium 
can be damaged. However, they fail to provide a unified picture of how these types of 
injury contribute to atherosclerosis.  
 
Dr. Boxen’s response appeared in CMAJ. 1990 August 15; 143(4): 258–259. 
A few years ago I presented a unifying hypothesis' based on the observation that 
endothelial hypoxia appears to be the commonest primary cause of endothelial 
injury leading to atherosclerosis (Boxen I: Mechanisms of atherosclerosis:  endothelial 
hypoxia proposed as the major initiator. Med Hypotheses 1985; 18: 297-311). 
 



This hypoxia is primarily a function of hemodynamic factors and is aggravated by 
hypertension, smoking and diabetes. The localization of atherosclerotic lesions is also 
explained by this hypothesis. Once the endothelium is damaged and undergoes 
regeneration low-density lipoprotein (LDL) is taken into the intima in excess quantity. 
Hyperlipidemia accentuates this uptake. The hypoxia extends into the intima and inner 
media, where excess extracellular glycosaminoglycans (GAGs) are seen; it is postulated 
that this excess also results from the hypoxia. GAGs have a strong affinity for LDL and 
thereby accentuate its accumulation.  
 
Many of the other ways mentioned by Gotlieb and Koo in which endothelium can be 
damaged come into play only after the primary injury. For example, platelets, once  
activated by damaged endothelium, contribute to thrombosis and possibly to smooth 
muscle proliferation; injured endothelium is probably the major stimulant of smooth 
muscle proliferation. Macrophages come into play after stimulation by injured 
endothelium. 
 
I have also recently argued that the endothelial hypoxia hypothesis adequately 
explains the accelerated atherosclerosis seen in saphenous vein coronary artery 
bypass grafts, the superiority of  the pedicle and free internal mammary artery over the 
saphenous vein as a graft, the differences in patency between other types of coronary 
artery bypass grafts and even the Cramer-Schilling lesion, the only naturally 
occurring atheroma in a vein (Boxen I:  Endothelial hypoxia induction of 
atherosclerosis: an explanation of patency rates for internal mammary artery and other 
coronary artery bypass grafts. Med Hypotheses 1989; 30: 157-165). 
 
Of importance are two predictions by the hypothesis. The first is that free arterial grafts, 
probably of any adequate-size artery except pulmonary artery branches, are much 
superior to venous grafts. The second is that the endothelium, intima and inner media of 
free arterial grafts can be spared damage during grafting if the harvested artery is stored 
in a medium (e.g., an isotonic solution of impermeable solute containing adenosine 
triphosphate) that protects against hypoxia until the graft is sutured in place. Probing 
the artery to test patency should not be done, since this damages the endothelium. 
The endothelial hypoxia hypothesis is at present the only one that adequately ties 
together the known factors of atherosclerosis. It is conceptually a simple process to 
understand and provides a basis on which to place the more complicated aspects of 
atherosclerosis, including the molecular biologic aspects now coming to light. (Izzie 
Boxen, MD, FRCPC Head. Division of Nuclear Medicine. Princess Margaret Hospital. 
Toronto, Ont.). As before, I believe that decreased levels of ground state oxygen are 
highly significant but of more importance is the subsequent insufficiency of EMODs 
generated.  Thus, hypoxia is the penultimate cause of atherosclerosis and 
EMOD insufficiency is the primary cause. 
 
[Dr. Gotlieb and Mr. Koo respond.] 
In a one-page review it is not possible to cite all theories proposed. To date there is not 
one theory that presents a unified picture of how endothelial cells are injured. Our 
purpose was to focus on a few areas that are receiving intense investigation at the 



moment, such as oxidized lipoproteins, endothelial integrity and inflammation, and to 
introduce the concept of functional endothelial injury. 
 
Endothelial hypoxia may be one cause of endothelial injury, as is suggested in cigarette 
smoking. Recent work continues to confirm hypoxia as a factor in 
atherogenesis. Bjornheden and Bondjers' reported that mural oxygen consumption is 
elevated in early atherosclerosis in the rabbit aorta, probably owing to increased foam cell 
metabolism (Bjornheden T, Bondjers G: Oxygen consumption in aortic tissue from 
rabbits with diet induced atherosclerosis.  Arteriosclerosis 1987; 7: 238-247). 
 
Crawford and Kramsch recently reported that hypoxia is present in the aorta in very 
mild, early hypertension at the same time that histomorphologic changes are 
observed, thus preventing any inference about causality (Crawford DW, Kramsch 
DM: The oxygen environment of the arterial media in early rabbit hypertension. Exp Mol 
Pathol 1988; 49: 215-233).  
 
An interesting study that supports the notion of endothelial dysfunction showed that 
endothelial cells over experimental foam cell lesions in hyperlipidemic cynomolgus 
monkeys are intact yet undergo structural adaptations (Taylor KE, Glagov S, Zarins CK: 
Preservation and structural adaptation of endothelium over experimental foam cell 
lesions. Arteriosclerosis 1989; 9:88 1-894).  
 
There was no indication of ischemic injury; however, the endothelial cells seem to be 
adapting to an increased energy demand. Whether the cells are hypoxic and whether the 
adaptation is a form of injury await further hypothesis testing. Hemodynamic shear stress 
affects endothelial structure and function, resulting in alterations in cell shape, cell 
orientation, cell mechanical stiffness, fluid endocytosis, cytoskeleton, nonthrombogenic 
surface properties and prostacyclin production, to list a few. Signal transduction in some 
of these instances may be related to ion fluxes across the cell membrane. To determine 
whether hypoxia is important, experiments must be designed to test the hypothesis that 
hypoxia is implicated in triggering these events. (Avrum I. Gotlieb, MD. Professor of 
pathology. Edward W.Y. Koo, BSc. PhD student. Department of Pathology. University of 
Toronto. Toronto, Ont.). 
 
Recent studies indicate the superiority of mammary artery grafts over venous grafts for 
CABG grafting. I believe that this is due to the fact that the arterial wall has a better 
micro-structure for blood flow and vitality of the endothelial cells and for supply of 
oxygen.  Venous grafts are “dead” cells and the vascular wall is less adapted for 
supplying of higher levels of oxygen.  
 
In spite of CABG being an effective surgical technique to revascularize the myocardium, 
20–50% of bypass grafts fail due to the formation of intimal hyperplasia (Imparato AM, 
Bracco A, Kim GE, Zeff R. Intimal and neointimal fibrous proliferation causing failure of 
arterial reconstructions. Surgery. 1972;72:1007–1017) (Nikkari ST, Clowes AW. 
Restenosis after vascular reconstruction. Ann Med. 1994;26:95–100). 
 



Vascular endothelial dysfunction is common in a range of immune-mediated 
inflammatory diseases, is seen in multiple vascular beds, and is reversible following the 
induction of disease remission.  
 
8.2.4   Linking hypoxia, EMOD production and cardiovascular disease 
 
Persistence of such widespread endothelial dysfunction in systemic vasculitis appears to 
have long-term consequences, leading to the acceleration of atherosclerosis and 
premature ischaemic heart disease. It may also underlie the accelerated atherosclerosis 
seen in other immune-mediated rheumatic diseases, such as rheumatoid arthritis. I believe 
that this is at the heart of my EMOD insufficiency syndrome concept. 
 
8.2.5   Linking  EMOD levels, apoptosis and cancer proliferation 

Paradoxically, reactive oxygen species (ROS) can promote normal cellular 
proliferation and carcinogenesis, and can also induce apoptosis of tumor cells. In this 
report, they 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. Alexis Laurent et al. Cancer Research 65, 948-956, February 1, 2005). 
SOD mimetics kill cancer because they produce peroxide and antioxidants block 
cancer kill because they block EMODs, especially H2O2.  This is a pattern I have 
seen repeated many times and convinces me that antioxidants are dangerous.  
 
8.2.6     Autophagy regulated by EMODs and caspase 
 
Autophagy plays a central role in regulating important cellular functions such as cell 
survival during starvation and control of infectious pathogens. Recently, it has been 
shown that autophagy can induce cells to die; however, the mechanism of the autophagic 

cell death program is unclear. Investigators show that caspase inhibition leading to cell 



death by means of autophagy involves reactive oxygen species (ROS) accumulation, 
membrane lipid oxidation, and loss of plasma membrane integrity. Inhibition of 
autophagy by chemical compounds or knocking down the expression of key autophagy 
proteins such as ATG7, ATG8, and receptor interacting protein (RIP) blocks ROS 
accumulation and cell death. The cause of abnormal ROS accumulation is the selective 
autophagic degradation of the major enzymatic ROS scavenger, catalase. Caspase 
inhibition directly induces catalase degradation and ROS accumulation, which can 
be blocked by autophagy inhibitors. These findings unveil a molecular mechanism for the 
role of autophagy in cell death and provide insight into the complex relationship between 

ROS and nonapoptotic programmed cell death (Autophagic programmed cell death by 
selective catalase degradation. Li Yu et al. PNAS, March 28, 2006; 103(13): 4952 - 
4957). 
 
8.2.7    H2O2 is in steady state levels 
 
A growing body of evidence correlates the production of reactive oxygen species with 
many aspects of cellular functions (Dröge, W. (2002) Physiol. Rev. 82, 47-95).  
 

Reactive oxygen species include the superoxide, hydrogen peroxide (H2O2), and the 
hydroxyl radical. Of these, H2O2 has the chemical stability required to 
establish significant steady-state concentrations in vivo (Chance, B., Sies, H., 
and Boveris, A. (1979) Physiol. Rev. 59, 527-605) (Cadenas, E., and Davies, K. J. (2000) 
Free Radic. Biol. Med. 29, 222-230) and is small and uncharged, properties that allow it 
to freely diffuse across plasma membranes and make it an ideal candidate for a signaling 
molecule (Ohno, Y., and Gallin, J. I. (1985) J. Biol. Chem. 260, 8438-8446).  
 
Small quantities of H2O2 are produced by all types of cells, and several signal 

transduction pathways in mammalian cells have been reported to be activated by H2O2, 
such as tyrosine kinases, mitogen-activated protein kinases, protein kinase C, the 
epidermal growth factor receptor, protein phosphatases, potassium channels, and the 

transcription factors activator protein-1 (AP-1), and nuclear factor B (Dröge, W. (2002) 
Physiol. Rev. 82, 47-95). It is becoming increasingly recognized that hydrogen peroxide 

(HP) plays a role in cell proliferation and migration. 
 
There is increasing evidence that intracellular reactive oxygen species (ROS) play a role 
in cell signaling and that the NADPH oxidase is a major source of ROS in endothelial 
cells. 
 
It is well recognized that high-density lipoprotein (HDL)-cholesterol is 
antiatherogenic and serves a role in mediating cholesterol efflux from cells. However, 
HDL has multiple additional endothelial and antithrombotic actions that may also afford 
cardiovascular protection. HDL promotes the production of the atheroprotective 

signaling molecule nitric oxide (NO) by upregulating endothelial NO synthase 
(eNOS) expression (Endothelial and Antithrombotic Actions of HDL. Chieko Mineo, 
Hiroshi Deguchi, John H. Griffin, Philip W. Shaul. Circulation Research. 2006;98:1352). 
 



I find this of particular interest since eNOS can also generate superoxide anion, as 
well as NO.  Thus, HDL can indirectly stimulate the production of 
EMODs.  I believe that this may be its mode of salutary action in CVD. 

8.2.8    The HIF pathway and metabolism: Implications in obesity and diabetes 

Obesity has become a world-wide epidemic and is associated with more than 30 human 
diseases including type 2 diabetes, cardiovascular disease, and cancer. Adipose tissue 
plays a critical role in the development of obesity and other metabolic syndromes. The 
HIF pathway plays a key role in energy metabolism. In addition to O2 deficiency, insulin 
receptor signaling can induce the accumulation of the HIF-1 protein. HIF-1 enhances the 
transcription of many key genes involved in glucose metabolism and angiogenesis. These 
two critical functions predict an essential role for HIF-1 in adipose tissue functions 
because adipose tissue is the main energy depot and can grow very rapidly to 
accommodate excessive amounts of energy. However, the biological functions of HIF-1 
in adipocytes have not been well studied. Goldstein et al were the first to investigate the 
mechanisms by which HIF-1 regulates the adipogenic differentiation. Goldstein et al have 
found that HIF-1 is both necessary and sufficient to inhibit the adipogenic differentiation 
of preadipocytes. Mechanistically, PPAy2 transcription is repressed by the HIF-1 target 
gene DEC1/Stra13. Furthermore, hypoxia arrests preadipocytes in their stem/precursor 
state. We have generated a genetic mouse model to test the hypothesis that HIF plays an 
important role in the development and functions of adipose tissue, as well as in the 
pathogenesis of obesity and type 2 diabetes. In addition, Goldstein et al are also 
investigating the role of HIF in the regulation of muscle cell differentiation and metabolic 
functions of myocytes.   

For more than 30 years, it has been known that insulin elicits the generation of 
hydrogen peroxide (H2O2) in mature adipocytes (Goldstein BJ, Mahadev K, Wu X, 
Zhu L, Motoshima H. Role of insulin-induced reactive oxygen species in the insulin 
signaling pathway Antioxid Redox Signal 2005 in press).  Thus, I ask, “Does insulin 
resistance or lower amounts of insulin generated, result in generation of less H2O2?” 

More recently, it has been shown that insulin stimulation of adipose and hepatoma 
cells leads to the rapid generation of a burst of cellular H2O2 that is associated with 
enhanced early as well as distal activation of the insulin signal transduction pathway. The 
oxidant generated by insulin stimulation influences insulin action at several levels. 
Initially, cellular protein-tyrosine phosphatases (PTPs) are targets of oxidative 
inhibition because these enzymes require a reduced cysteine thiol group for catalytic 
enzyme activity. Specifically, the activity of the intracellular PTP homologue, PTP1B, 
which has been strongly implicated in the negative regulation of insulin signaling, is 
acutely diminished by insulin stimulation. More distally, the oxidant signal from insulin 
stimulation is integral to the activation of the protein kinase Akt by affecting its upstream 
interaction with phosphatidylinositol 3′-kinase. Thus, alterations in the levels of cellular 
oxidant molecules can have specific and important effects at various levels of the 
insulin signaling cascade. 



High glucose levels, especially when chronic, cause a rise in cellular reactive oxygen 
species (ROS) (Brownlee M. Biochemistry and molecular cell biology of diabetic 
complications. Nature. 2001;414:813–820).  Other studies show that hyperglycemia 
decreases EMOD levels.   

In contrast to insulin-induced ROS, which involves an NADPH oxidase mechanism, the 
oxidative signal resulting from hyperglycemia has been shown to be derived from 
mitochondrial glycolytic metabolism. When glucose levels are excessive and long-
standing, potentially deleterious effects on various signaling pathways and cellular 
homeostatic mechanisms may contribute to the tissue damage underlying the chronic 
microvascular complications in patients with various forms of diabetes mellitus. 

Studies using other cell systems and growth conditions have reported various effects of 
high glucose conditions on insulin signaling. High glucose exposure in choriocarcinoma 
cells increased insulin-stimulated tyrosine phosphorylation of its receptor and IRS-1. In 
contrast, in undifferentiated 3T3-L1 preadipocytes, prolonged high glucose incubation 
was associated with reduced insulin-stimulated tyrosine phosphorylation of IRS-1 and 
phosphatidylinositol 3′-kinase association with IRS-1. Prolonged culture of mature 
adipocytes in high glucose conditions in conjunction with high insulin levels leads to a 
decrease in insulin sensitivity and responsiveness of 2-deoxyglucose uptake.  

Clearly, high glucose incubations can lead to complex alterations in cellular 
responses that are likely to affect both early and distal mechanisms in the insulin 
action pathway.  

Wu et al working hypothesis is that the oxidant signal induced by insulin in its metabolic 
target tissues modulates various aspects of insulin signaling. This involves, at least in 
part, the oxidative inhibition of thiol-dependent PTP enzymes that regulate the insulin 
action cascade. Under conditions of high glucose, the generation of cellular oxidant 
molecules is enhanced, and this is further potentiated by acute insulin stimulation. Wu et 
al have recently demonstrated that the oxidant signal from insulin modulates a 
number of cross-regulatory systems in insulin-sensitive cells that are subjected to 
redox regulation. They have also found that the overall signaling effect of high glucose 
is influenced by additional pathways altered under these conditions, including PKC. 
Modulation of the cellular effects of high glucose on oxidant-sensitive pathways may 
have important implications for the regulation of proximal insulin signal transduction in 
the tissues of patients with hyperglycemia due to type 1 or type 2 diabetes mellitus. 

Insulin signal transduction in adipocytes is accompanied by a burst of 
cellular hydrogen peroxide (H2O2 facilitates insulin signaling by inhibiting thiol-
dependent protein-tyrosine phosphatases (PTPs) that are negative regulators of insulin 
action. Hyperglycemia is associated with increased cellular reactive oxygen species. 
These studies indicate that high glucose can enhance insulin-stimulated H2O2 
generation and augment oxidative PTP inhibition in cultured and primary adipocytes, but 
the overall balance of insulin signal transduction is determined by additional signal 
effects in high glucose, including the activation of PKC. 



8.2.8   Insulin-like growth factor (IGF) “cures” diabetes via EMODs 

Two experiments suggest new direction for diabetes.  Two experimental treatments 
suggest new directions for treating diabetes, both using compounds already made by the 
body, researchers in the United States reported on 8/25/08.  One of the two studies 
suggests that some current treatments for autoimmune diseases such as the bowel-
cramping Crohn's disease may be taking the wrong approach and doing active harm in 
some patients. 

The two reports, published in the Proceedings of the National Academy of Sciences, each 
aim to correct some of the things that go wrong to cause type-1 diabetes, which is 
caused when immune cells mistakenly destroy the cells in the pancreas that make 
insulin. 

The International Diabetes Federation estimates that 230 million people globally 
have diabetes, and about 10 percent of these have type 1. Patients are usually diagnosed 
at a young age and must carefully measure blood sugar levels and take insulin for life. 
There is no cure.  Dr. Denise Faustman and colleagues at Massachusetts General Hospital 
and Harvard Medical School in Boston tested a cheap generic drug used to prevent 
tuberculosis, called bacillus Calmette-Guerin or BCG. 

Faustman said BCG temporarily elevates levels of an immune system protein called 
tumor necrosis factor or TNF. Earlier studies had shown that raising TNF in mice 
can cure them of a condition resembling human diabetes.    

I believe that it is well known that TNF and BCG increase EMOD levels 
and I believe that this is the mechanism for its curative effects of 
diabetes. 

"If you are a mouse, we have got you covered. But the ultimate goal is people," Faustman 
said.  

'BAD' T-CELLS 

Her team showed that people with type-1 diabetes have certain numbers of abnormal 
immune system cells called T-cells. These attack and destroy the pancreatic tissues that 
normally make insulin.  The tests on blood from 675 people with diabetes and 512 
healthy people showed the diabetics had some CD8 "killer" T-cells that could be 
killed by either TNF or BCG.  "Good" T-cells were not killed by the treatment, they 
wrote.  The same team is now testing BCG at very low doses in a Phase I clinical safety 
trial in a few human volunteers. 

Her study suggests that anti-TNF therapies such as etanercept, sold by Wyeth and 
Amgen under the brand name Enbrel, and Johnson & Johnson's Remicade may 
actually cause new autoimmune diseases in some patients with Crohn's and 



rheumatoid arthritis.  I believe that this means that anti-EMOD treatments 
may cause new autoimmune diseases. 

A second team, at the University of Texas Southwestern Medical Center in Dallas, took a 
different tack, using a hormone called leptin.  Leptin, only discovered in 1994, is made 
by fat cells but people with type-1 diabetes often have abnormally low levels of leptin. 

Roger Unger of UTSW and colleagues used gene therapy to treat mice with damaged 
pancreases that made no insulin at all and were dying. They used a virus to carry in genes 
for leptin, which in turn caused their livers to pump out huge levels of the hormone.  
"Within two weeks they were completely normal," Unger said in a telephone 
interview. "This was totally unexpected."   Unger believes the leptin changed the function 
of another hormone called insulin-like growth factor 1 or IGF1, making it act more 
like insulin to regulate blood sugar levels.  It may also suppress the unhealthy effects of 
another compound called glucagon, which is produced excessively in diabetes, he said.  

The gene therapy approach would be too risky in people so Unger plans to inject diabetic 
mice with leptin to see if this works in the same way. 

8.2.9   EMODs stimulate insulin-like growth factor I synthesis in VSM cells 
 
cultured rat aortic smooth muscle cells exposed to xanthine (100 µM) and xanthine 

oxidase (5 µU/ml) or H2O2 (200 µM) and measured IGF I mRNA levels by solution 
hybridization/RNase protection assays, IGF I protein levels by radioimmunoassay, and 
IGF binding proteins by Western ligand blotting. Additionally, we measured the effect of 
anti-IGF I antiserum on xanthine/xanthine oxidase- and H2O2-stimulated [3H]thymidine 
incorporation. Xanthine/xanthine oxidase and H2O2 stimulated increases in 
IGF I mRNA and protein levels and reduced IGF binding protein-4 levels in 
conditioned medium. The effect of xanthine/xanthine oxidase was inhibited by the 
scavengers superoxide dismutase and catalase. Xanthine/xanthine oxidase- and H2O2-
stimulated DNA synthesis was completely inhibited by a neutralizing anti-IGF I 
antiserum.  
 
Reactive oxygen species increased vascular smooth muscle cell synthesis of IGF I and 
reduced levels of the inhibitory IGF binding protein-4. Furthermore, reactive oxygen 
species-induced DNA synthesis was inhibited by an anti-IGF I antiserum. These findings 
suggest that the autocrine IGF I system plays an important role in vascular smooth muscle 
cell growth responses to reactive oxygen species. Furthermore, the findings have 
important implications for understanding biological responses to changes in redox 
state (Reactive oxygen species stimulate insulin-like growth factor I synthesis in vascular 
smooth muscle cells. Patrick Delafontaine and Li Ku. Cardiovascular Research 1997 
33(1):216-222). 

 

 



8.3.0   Cataract and diabetic retinopathy 

Diabetes mellitus occurs because of lack of insulin or due to the presence of factors that 
oppose the action of insulin. The end result is an increase in the blood glucose 
concentration (hyperglycaemia). Occular problems in diabetes usually affect people 
who have long-standing and uncontrolled diabetes mellitus. The common 
complications are cataract and diabetic retinopathy.  

Cataracts usually occur at about 60 years of age but in diabetics, it could appear at 
a much younger age.  

Diabetic retinopathy is essentially a disease process, which affects the blood vessels of 
the retina. The longer the duration of diabetes, the greater the incidence of diabetic 
retinopathy. Blindness due to this is a major cause of irreversible blindness in old age.  

The pathological changes in diabetes lead to lack of blood supply or 
ischemia of the retina and hypoxia (lack of oxygen) or retinal tissues. 
Long-standing hypoxia leads to formation of new blood vessels. These are fragile and 
bleed easily. Excessive bleeding in the eye leads to vitreous haemorrhage and loss of 
vision. 

Not only human eyes, but those of "all other vertebrates, have the functionally stupid 
upside-down orientation of the retina" and that the "functionally sensible arrangement is 
in fact what is found in the eye of a squid and other mollusks". An evaluation of this 
argument reveals it is not only naive, but grossly erroneous.  The verted design, claimed 
by Miller to be superior, would place the photoreceptors away from their source of 
nutrition, oxygen, and retinal (the choroid). This design would cause major problems 
because rods and cones require an enormous amount of energy for their very high 
metabolism required in functioning, maintenance, and repair. In addition, because of 
phototoxicity damage, the rods and cones must completely replace themselves 
approximately every seven days or so. It is said that the retina has the highest 
requirement for oxygen of any tissue in the body. This verted design is 
extremely critical because the retina requires a high metabolism level due to the continual 
replacement of the photoreceptors required for vision. Consequently, the retina uses more 
oxygen and nutrients than almost every other part of the body, requiring an ample blood 
supply. 

8.3.1   Cataracts in children 
The types of lens opacities we see in children are different than those in adults. Adults 
tend to get a browning and hardening of the lens where as children cataracts tend to be 
more white and localized in special zones of the lens which reflect the developmental 
process that makes the lens. However, the end result is the same: blurred vision.  
 
All people will get cataracts in their eyes if they live long enough. This is a natural 
effect of aging. I believe that this illustrates my contention that we must have a 



continually operative oxidative defensive system, which continually prevents disease 
manifestation.   
 
Children only get cataracts when there is a specific abnormality in the development of the 
lens of the eye, often due to a gene abnormality. Some cataracts in children are the 
secondary effect of an underlying disease, genetic syndrome, or medication. 
 
Disease profiles tell us that if we live long enough, many of us will develop cancer 
(skin, prostate or breast), heart disease (atherosclerosis or arteriosclerosis), 
cataracts, arthritis, dementia and/or diabetes. It appears to me that as we age we 
provide our cells with decreasing levels of ground state oxygen and correspondingly 
decreasing levels of electronically modified oxygen derivatives (EMODs). A person in 
their 60s and 70s has a 40% reduction in oxygen consumption, with correspondingly less 
oxygen getting to the cellular and subcellular levels. Thus, we see the increasing 
appearance, manifestation and allowance of many of these diseases and a clustering 
(coexisting) effect of the disease entities.  

In cholesterol production, the process begins with acetyl-CoA, a two-carbon molecule 
sometimes referred to as the "building block of life." Three acetyl-CoA molecules 
combine to form six-carbon hydroxymethyl glutaric acid (HMG). The step from HMG to 
mevalonate requires an enzyme, HMG-CoA reductase. Statin drugs work by inhibiting 
this enzyme--hence the formal name of HMG-CoA reductase inhibitors. Herein lies 
the potential for numerous side effects, because statin drugs inhibit not just the 
production of cholesterol, but a whole family of intermediary substances, many if not 
all of which have important biochemical functions in their own right.  

Consider the findings of pediatricians at the University of California, San Diego who 
published a description of a child with an hereditary defect of mevalonic kinase, the 
enzyme that facilitates the next step beyond HMG-CoA reductase (Hoffman G. N Engl J 
Med 1986;314:1610-24).  

The child was mentally retarded, microcephalic (very small head), small for his age, 
profoundly anemic, acidotic and febrile. He also had cataracts. Predictably, his 
cholesterol was consistently low--70-79 mg/dl. He died at the age of 24 months. The 
child represents an extreme example of cholesterol inhibition, but his case illuminates 
the possible consequences of taking statins in strong doses or for a lengthy period of 
time--depression of mental acuity, anemia, acidosis, frequent fevers and cataracts.  I 
believe that this argues against EMODs as being causative of atherosclerosis or 
cataract formation. 

Cholesterol is one of three end products in the mevalonate chain. The two others are 
ubiquinone and dilochol. Ubiquinone or Co-Enzyme Q10 is a critical cellular nutrient 
biosynthesized in the mitochondria. It plays a role in ATP production in the cells and 
functions as an electron carrier to cytochrome oxidase, our main respiratory enzyme. The 
heart requires high levels of Co-Q10. A form of Co-Q10 called ubiquinone is found in 
all cell membranes where it plays a role in maintaining membrane integrity so critical to 



nerve conduction and muscle integrity. Co-Q10 is also vital to the formation of elastin 
and collagen. Side effects of Co-Q10 deficiency include muscle wasting leading to 
weakness and severe back pain, heart failure (the heart is a muscle!), neuropathy and 
inflammation of the tendons and ligaments, often leading to rupture. Please remember 
that statins have been seen to increase the risk of peripheral 
neuropathies. 

8.3.2   Cataracts are not prevented by antioxidant vitamins 

Antioxidant vitamins C and E. Because of the role oxidants may play in cataract 
formation, researchers are investigating the benefits of antioxidant vitamins and other 
food chemicals. Vitamins C, E, and riboflavin (a B vitamin), for example, are helpful in 
preserving levels of glutathione, an enzyme that helps protect against oxidation in the 
eye. Low levels of vitamin C in the lens of the eye have been particularly strong 
predictors of cataracts. I believe that this is because high levels of vitamin C act as 
prooxidants.  Some evidence also suggests that ultraviolet B radiation interacts with 
deficiencies in certain antioxidants, such as vitamin E and zinc, to increase damage in the 
corneas and lenses of the eye. 

Evidence on the benefits of supplements of vitamin E or C, or vitamin-rich foods, is 
conflicting. For example, in two identically constructed trials in the US and Britain, 
the American group derived apparent benefits from vitamins E, C, and beta 
carotene while the British group reported very little cataract protection. A 2005 
study suggested that long-term use of vitamin E supplements may slow cataract 
development. However, in a major on-going American study called the Age-Related 
Eye Disease Study (AREDS), researchers reported no difference in the incidence of 
cataracts after 7 years in people who took the antioxidant vitamins compared to 
those who took sham vitamins. 

High doses of vitamins may have harmful effects. It is always wise, in any case, to pursue 
a healthy diet that is low in fats, high in complex carbohydrates, and rich in fruits and 
vegetables 

8.3.3    EMODs not causative of diabetic cataracts   

There is strong evidence to show that diabetes is associated with increased oxidative 
stress. However, the source of this oxidative stress remains unclear. Using transgenic 
mice that overexpress aldose reductase (AR) in their lenses, Lee found that the flux of 
glucose through the polyol pathway is the major cause of hyperglycemic oxidative stress 
in this tissue. The substantial decrease in the level of reduced glutathione (GSH) with 
concomitant rise in the level of lipid peroxidation product malondialdehyde (MDA) in the 
lens of transgenic mice, but not in the nontransgenic mice, suggests that glucose 
autoxidation and nonenzymatic glycation do not contribute significantly to oxidative 
stress in diabetic lenses. AR reduction of glucose to sorbitol probably contributes to 
oxidative stress by depleting its cofactor NADPH, which is also required for the 
regeneration of GSH. Sorbitol dehydrogenase, the second enzyme in the polyol 



pathway that converts sorbitol to fructose, also contributes to oxidative stress, most 
likely because depletion of its cofactor NAD+ leads to more glucose being channeled 
through the polyol pathway. Despite a more than 100% increase of MDA, 
oxidative stress plays only a minor role in the development of cataract in 
this acute diabetic cataract model. However, chronic oxidative stress generated 
by the polyol pathway is likely to be an important contributing factor in the slow-
developing diabetic cataract as well as in the development of other diabetic complications 
(Contributions of polyol pathway to oxidative stress in diabetic cataract. Alan Y. W. Lee 
and Stephen S. M. Chung. The FASEB Journal. 1999;13:23-30). 

8.3.4   Mechanism of Macular Degeneration 

If we look under the microscope at an ultra thin cross-section of the normal macula, we 
see that the photoreceptors sit on a layer of pigment cells, called the retinal pigment 
epithelium, (RPE). The very active photoreceptors must be continuously supplied by new 
light-sensitive material. Used light-sensitive material is continuously absorbed by the 
pigment epithelium and recycled to be re-used again. This process requires oxygen and 
other food supplied by the fine blood vessels of the choriocapillaris. (some of this 
material was taken from the Schepens.com website) 

When the renewal process of the photoreceptors fails, the photoreceptors die and so also 
does the pigment epithelium. This is called the dry form of macular degeneration. 
Sometimes, the photoreceptors and pigment epithelium send a distress signal to the 
choriocapillaris, because they need more oxygen. As a response, the 
choriocapillaris attempts to make new vessels that should supply more oxygen to the 
photoreceptors. However, the new vessels have defective walls and tend to bleed, 
making the case worse. This is called the wet form of macular degeneration. In the 
breakdown of the macula, we don’t know what breaks first: the photoreceptors, or the 
photoreceptors repair shop which is the pigment epithelium. 

It should be remembered that the tendency of tissues to remedy a need of oxygen is a 
fundamental need of all living tissues.  Without the ability of our tissues to repair even 
the smallest wound or a minute need for additional oxygen, we would soon die.  

Through eons of time, nature has developed many means to repair wounds or the 
need for more oxygen.  We must therefore expect that if we interfere with this system, 
nature has many ways to counter our efforts, and consequently, we are not likely to 
succeed. Why attempt to interfere with nature’s misdirected way to bring more oxygen to 
the retina, rather than attempt to satisfy the retina with its need for oxygen?  If we 
succeed in our effort to prevent the formation of abnormal vessels in the eye, we would 
only succeed in helping 10% of the macular degenerations (the wet type).  We would still 
be helpless with the dry type that represents 90% of the cases.  If, on the contrary, we 
could bring more oxygen to the retina, we would be likely to relieve all cases of 
macular degeneration. 

 



8.3.5   Retinal Oxygen 

Wangsa-Wirawan and Linsenmeier reviewed research on retinal oxygen (O2) distribution 
and use, focusing on O2 microelectrode studies in animals with circulatory patterns 
similar to those of humans. The inner and outer halves of the retina are different domains 
in terms of O2. Understanding their properties can suggest mechanisms of and therapies 
for retinal diseases. Inner retinal PO2 averages about 20 mm Hg. Effective O2 
autoregulation of the retinal circulation ensures that inner retinal PO2 is relatively 
uninfluenced by systemic hypoxia and hyperoxia and increased intraocular pressure 
in healthy animals.  

Failures of the retinal circulation lead to tissue hypoxia that underlies the 
vasoproliferation in diabetic retinopathy and retinopathy of prematurity. Choroidal 
blood flow is not regulated metabolically, so systemic hypoxia and elevated 
intraocular pressure lead to decreases in choroidal PO2 and photoreceptor O2 
consumption. The same lack of regulation allows choroidal PO2 to increase dramatically 
during hyperoxia, offering the potential for O2 to be used therapeutically in retinal 
vascular occlusive diseases and retinal detachment (Retinal Oxygen: Fundamental and 
Clinical Aspects. Wangsa-Wirawan and Linsenmeier. Arch Ophthalmol 2003;121:547-
557). 

8.4.0   Gestational diabetes mellitus (GDM) 

8.4.1   General information 

8.4.2   Diabetes in the Pregnant Woman (Gestational Diabetes) 

An estimated 5% of pregnant women develop a form of type 2 diabetes, usually 
temporary, in their third trimester called gestational diabetes. Gestational diabetes is 
a diabetic condition (nearly always temporary) that develops during the third trimester. 
After delivery, blood glucose levels generally return to normal, although between 
one-third and one-half of these women develop type 2 diabetes within 10 years. 
Estimates for the prevalence of gestational diabetes are generally about 4%. Some 
studies, however, have suggested significantly higher rates. In one German study, 13% of 
pregnant women were diagnosed with this form of diabetes, including many who did not 
have any risk factors.  

Risk factors include the following: 

• Weight gain (11 to 22 pounds) during early adulthood.  
• Family history of diabetes.  
• Smoking.  
• Belonging to African American, Hispanic, or Asian ethnic groups.  
• Gaining weight before getting pregnant.  
• Being an older mother 



Effect of Diabetes on the Fetus. Because glucose crosses the placenta, a woman with 
diabetes can pass high levels of blood glucose to the fetus. In response, the fetus secretes 
high level of insulin. Studies indicate that such conditions may effect the developing fetus 
as soon as it is conceived, placing the unborn child at risk for the following: 

• Birth defects. (It should be noted that the risk is significant only in women who 
had diabetes before they became pregnant. A 2002 study reported no excess risk 
for infant malformations in women with gestational diabetes.)  

• Excessive growth of the fetus.  
• Delayed lung development.  
• Possibly a higher risk for future diabetes and obesity in the child.  

Effect of Diabetes on the Pregnant Woman. In addition to endangering the fetus, diabetes 
also presents risks to the pregnant woman. In most cases, increases in glucose levels can 
be managed with diet and exercise. Aerobic exercise before and during pregnancy may 
lower glucose levels and may be protective for women at risk or who have gestational 
diabetes. I believe that exercise works because it increases EMOD levels. 

8.4.3  What is gestational diabetes? 

Gestational diabetes is a condition in which the glucose level is elevated and other 
diabetic symptoms appear during pregnancy in a woman who has not previously been 
diagnosed with diabetes. All diabetic symptoms disappear following delivery. 

Unlike type 1 diabetes, gestational diabetes is not caused by a lack of insulin, but by 
blocking effects of other hormones on the insulin that is produced, a condition referred to 
as insulin resistance. 

Approximately 3 to 5 percent of all pregnant women in the United States are diagnosed 
with gestational diabetes (figures vary). 

8.4.4  What causes gestational diabetes? 

Although the cause of gestational diabetes is not known, there are some theories as to 
why the condition occurs. 

The placenta supplies a growing fetus with nutrients and water, as well as produces a 
variety of hormones to maintain the pregnancy. Some of these hormones (estrogen, 
cortisol, and human placental lactogen) can have a blocking effect on insulin. This is 
called contra-insulin effect, which usually begins about 20 to 24 weeks into the 
pregnancy. 

As the placenta grows, more of these hormones are produced, and insulin resistance 
becomes greater. Normally, the pancreas is able to make additional insulin to overcome 
insulin resistance, but when the production of insulin is not enough to overcome the 
effect of the placental hormones, gestational diabetes results. 



I believe that a contributing factor is the fact that the pregnant female treats the 
developing fetus like a neoplastic growth and consequently lowers EMOD levels to 
prevent apoptosis and to encourage cellular proliferation.  The lowered EMODs 
allow for the development of the EMOD insufficiency syndrome diseases, such as 
cancer, atherosclerosis, diatetes, obesity and cataracts (and possibly arthritis).  

In the post delivery phase, many of these EMOD insufficiency diseases actually 
spontaneously regress as EMOD levels return to normal. 

8.4.5  Risk for Cataracts? 

Researchers don’t know what causes cataracts to develop, but they have identified several 
factors that increase the risk for the disease:  

•  Premature birth 
•  Delayed development 
•  Family history of cataracts or other eye disease 
•  Previous serious injury to the eye 
•  Use of certain medications, steroids 
•  Race (African Americans are more at risk for cataract) 
•  Presence of human immunodeficiency virus (HIV) infection, diabetes, or 

other diseases that affect the entire body. 

Investigators compared the frequency of cataract development in bone marrow 
transplanted children who have been given either total body irradiation (TBI) or 
busulphan as conditioning treatment before bone marrow transplantation (BMT). Their 
study confirms earlier reports of the high risk of cataract development after TBI 
and suggests that busulphan is related to cataract development, although less 
frequently than TBI (Acta Ophthalmologica Scandinavica. G. Holstrom et al. Volume 
80 Page 211  - April 2002). 

8.4.6  What are the risks factors associated with gestational diabetes? 

Although any woman can develop gestational diabetes during pregnancy, some of the 
factors that may increase the risk include the following: 

• obesity  

• family history of diabetes  

• having given birth previously to a very large infant, a still birth, or a child with a 
birth defect  

• having too much amniotic fluid (polyhydramnios)  



• age 
Women who are older than 25 are at a greater risk for developing gestational diabetes 
than younger women.  

Gestational diabetes is more of a puzzle.  Women who get diabetes while they are 
pregnant are more likely to have a family history of diabetes, especially on their mothers' 
side.  But as in other forms of diabetes, nongenetic factors play a role.  Older mothers and 
overweight women are more likely to get gestational diabetes.  

Although increased glucose in the urine is often included in the list of risk factors, it is 
not believed to be a reliable indicator for gestational diabetes. 

8.4.7  How is gestational diabetes diagnosed? 

Gestational diabetes maybe diagnosed with a 50 gram glucose screening test, which 
involves drinking a glucose drink followed by measurement of blood sugar levels after 
one hour. 

If this test shows a blood sugar level of greater than 140 mg/dL, a three-hour glucose 
tolerance test may be performed after a few days of following a special diet. If results of 
the second test are in the abnormal range, gestational diabetes is diagnosed. 

8.4.8   Possible complications for the baby 

Unlike type 1 diabetes, gestational diabetes generally does not cause birth defects. Birth 
defects usually originate sometime during the first trimester (before the 13th week) of 
pregnancy. But, the insulin resistance from the contra-insulin hormones produced by 
the placenta does not usually occur until approximately the 24th week. Women with 
gestational diabetes generally have normal blood sugar levels during the critical first 
trimester. 

The complications of gestational diabetes are usually manageable and preventable. The 
key to prevention is careful control of blood sugar levels just as soon as the diagnosis of 
gestational diabetes is made. 

Infants of mothers with gestational diabetes are vulnerable to several chemical 
imbalances, such as low serum calcium and low serum magnesium levels, but, in general, 
there are two major problems of gestational diabetes: macrosomia and hypoglycemia. 

• macrosomia 
Macrosomia refers to a baby that is considerably larger than normal. All of the 
nutrients the fetus receives come directly from the mother's blood. If the maternal 
blood has too much glucose, the pancreas of the fetus senses the high glucose levels 
and produces more insulin in an attempt to use this glucose. The fetus converts the 
extra glucose to fat. Even when the mother has gestational diabetes, the fetus is able 
to produce all the insulin it needs. The combination of high blood glucose levels from 



the mother and high insulin levels in the fetus results in large deposits of fat which 
causes the fetus to grow excessively large. 

• hypoglycemia 
Hypoglycemia refers to low blood sugar in the baby immediately after delivery. This 
problem occurs if the mother's blood sugar levels have been consistently high, 
causing the fetus to have a high level of insulin in its circulation. After delivery, the 
baby continues to have a high insulin level, but it no longer has the high level of sugar 
from its mother, resulting in the newborn's blood sugar level becoming very low. The 
baby's blood sugar level is checked after birth, and if the level is too low, it may be 
necessary to give the baby glucose intravenously.  

8.4.9  Exercise for gestational diabetes 

Exercise may assist in the control of blood glucose levels in diabetic women who become 
pregnant and in women who develop gestational diabetes. Some gestational diabetics are 
able to control their blood glucose without the use of insulin. Contracting muscles can 
take up approximately 35 percent more glucose than inactive muscles. Because many 
women who develop gestational diabetes have been sedentary before becoming pregnant 
they may be at greater risk of injury because of poor physical conditioning. Exercise 
programs should be carefully monitored by the health care provider, and any untoward 
symptoms reported promptly. (The Physician and Sportsmedicine 24(3)54-66, March 
1996)  

It is estimated that gestational diabetes occurs in three to six percent of pregnant 
Americans (figures vary). 
 
Throughout the present century, significant improvements in the health and outcome of 
diabetic women and their offspring have occurred. Although most neonatal problems 
have declined, diabetes-associated anomalies remain a major health problem having 
significant social and financial implications. The prevalence of major diabetes-related 
birth defects has been estimated to be about 6-10%, and this represents a two- to fourfold 
increase over the background population. The clinical significance of birth defects has 
assumed even greater importance because they now account for almost 50% of all deaths 
of infants born to women with diabetes. The basis of these malformations is quite 
variable and may include chromosomal aberrations, single mutant genes, environmental 
factors, interaction between hereditary tendencies and genetic factors, and idiopathic 
causes.  

The first association between congenital malformations and diabetes in pregnancy is 
credited to LeCorche in 1885. Since that time, there has been controversy regarding the 
incidence and potential causes of anomalous development. In the United States, the 
incidence of malformations varies considerably, from almost 20% in the Atlanta Birth 
Defect Case Control study to almost normal levels in a study from California of diabetics 
receiving prepregnancy control. In most studies, however, the frequency of 
malformations observed during the neonatal period among infants of diabetic mothers 
(IDMs) ranges from 6 to 10%. Chung and Myrianthopou-los analyzed 47,000 nondiabetic 



pregnancies, 372 pregnancies of women with gestational diabetes mellitus (GDM), and 
577 overtly diabetic pregnancies and demonstrated that 17% of the infants of women 
with overt diabetes and 8.4% of those of nondiabetic women had malformations. 
However, the malformation rate in the offspring of nondiabetic mothers was higher than 
is usually seen in other series. It is possible that minor malformations were included. In 
1976, Soler et al. reported having studied 701 diabetic pregnancies between 1950 and 
1974, and Drury et al. reported 300 diabetic pregnancies studied between 1969 and 1976. 
They found malformation rates of 8 and 6.4%, respectively, in IDMs compared with 1-
2% in the general population. 

8.5.0   Overview 

Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance with 
onset or first recognition during pregnancy. GDM is a complication in approximately 4% 
of all pregnancies in the United States, though the rates may be 1-14% depending on the 
population studied. Untreated GDM can lead to fetal macrosomia, hypoglycemia, 
hypocalcemia, and hyperbilirubinemia. 

Gestational diabetes is more common among obese women and among certain ethnic 
groups, particularly Native Americans, Pacific Islanders, and women of Mexican, Indian, 
and Asian descent. 

Most women with gestational diabetes develop it because they cannot produce enough 
insulin as the need for insulin increases late in the pregnancy. More insulin is needed 
to control the increasing level of sugar (glucose) in the blood. Gestational diabetes 
generally goes away after the baby is born. However, women who have gestational 
diabetes are more likely than other women to develop type 2 diabetes, a permanent type 
of diabetes. 

Regular aerobic exercise has been shown to lower fasting and postprandial glucose 
concentrations and may be used as an adjunct to nutritional therapy to improve maternal 
glycemia. Other benefits of exercise during pregnancy include cardiovascular fitness and 
reduced discomfort in later pregnancy. The optimal frequency and intensity of exercise 
for lowering maternal glucose concentrations have not been determined, but it appears 

that a minimum of three episodes of exercise per week, each >15 min, is required to 
modify maternal glucose levels. In addition, 2–4 weeks of regular exercise may be 
required before a lowering of glycemia is seen. Insufficient evidence exists to recommend 
any specific type of exercise as being superior to another in the management of 
gestational diabetes.  

Blood glucose data allow evaluation of the effectiveness of nutrition therapy and the need 
for pharmacological therapy. Postprandial glucose levels may be more closely related to 
fetal risks than are fasting levels. Pre-breakfast ketone measurements are recommended 
for patients receiving hypocaloric or carbohydrate-restricted diets to allow the detection 
and treatment of ketones. However, the effectiveness of ketone monitoring in improving 
fetal outcomes has not been demonstrated.  



Although most women with gestational diabetes return to normal glucose tolerance 
postpartum, they are at increased risk of developing gestational diabetes in subsequent 
pregnancies and type 2 diabetes later in life. Evidence suggests that a single birth results 
in a 2–3 kg higher average body weight for the mother, and thus increases the risk of 
becoming overweight after delivery. Body weight changes during the postpartum period 

are likely to be a combination of retention of gestational weight gain and weight changes 
caused by the lifestyle alterations associated with child rearing. Lifestyle behaviors aimed 

at reducing weight and increasing physical activity may be beneficial to reduce the 
subsequent risk of developing diabetes.  

Excess body fat is perhaps the most notable modifiable risk factor for the 
development of type 2 diabetes. It is estimated that the risk of type 2 diabetes 
attributable to obesity is as much as 75%. A striking increase in the prevalence of obesity, 
as well as diabetes, was reported between NHANES II and III. As of the early 1990s, 
over 50% of the U.S. adult population was overweight (665). If the prevalence of obesity 
continues to increase, it is expected that the prevalence of diabetes in the population will 
also increase. 

Clinical trial data also support the potential for weight loss to reduce risk for diabetes. In 
the Malmo Feasibility Study, both weight reduction and increased fitness were associated 

with reduced incidence of diabetes in a lifestyle intervention group when compared to a 
control group. In the Da Qing Study, diet, exercise, and diet plus exercise all reduced the 
incidence of diabetes compared to the control condition. In the Swedish Obese Subjects 
Study, obese individuals with sustained weight loss 2 years after bariatric surgery 
demonstrated substantially lower risk of type 2 diabetes and hyperinsulinemia 
compared to control subjects. Results from a 2-year clinical trial showed reduced risk for 
progression from impaired glucose tolerance to diabetes among individuals randomized 
to orlistat compared to those randomized to behavioral therapy.  

Insulin also drives fat into cells, prevents fat from being released from cells, and makes 
people hungry. High insulin levels contribute to obesity and the disease states associated 
with being overweight, such as type II diabetes, cardiovascular disease, kidney failure, 
and certain types of cancers.  

Glycation is a pathological process that occurs when glucose binds to protein 
molecules, resulting in the formation of non-functioning structures in the body. Higher 
blood glucose levels mean more-damaging glycation reactions. 

Glycation advances slowly and accompanies every fundamental process of cellular 
metabolism. Glycation accelerates aging and neurodegenerative disorders such as 
Alzheimer’s disease. Fortunately, a nutrient called carnosine confers significant 
protection against glycation processes 

The body tries to maintain a nearly constant blood sugar level. This is especially 
important for the brain and nervous system. If blood sugar is depressed below normal, 
the brain is unable to function appropriately. This can lead to a wide variety of physical 

http://care.diabetesjournals.org/cgi/content/full/25/1/148


and psychological symptoms associated with abnormal nervous-system function, such as 
fatigue, mood swings, premenstrual syndrome, sugar craving, headaches, difficulty 
focusing the eyes, tremors, temperamental outbursts, depression, excessive sweating, 
palpitations, and feeling “spaced-out.” Hypoglycemia must be treated when blood 
glucose falls below 60 mg/dL, with or without symptoms.  

8.6.0   GESTATIONAL DIABETES 

Oxidative stress has been increasingly postulated as a major contributor to 
endothelial dysfunction in preeclampsia (PE), although evidence supporting this 
hypothesis remains inconsistent. This study aimed to analyze in depth the potential role 
of oxidative stress as a mechanism underlying endothelial damage in PE and the pregnant 
woman's susceptibility to the disease. To this end, indicative markers of lipoperoxidation 
and protein oxidation and changes in antioxidant defense systems were measured in 
blood samples from 53 women with PE and 30 healthy pregnant controls.  

Results, analyzed in relation to disease severity, showed PE women, compared with 
women with normal pregnancy, to have: (1) significantly enhanced antioxidant enzyme 
SOD and GPx activities in erythrocytes; (2) similar plasma alpha-tocopherol levels 
and significantly increased alpha-tocopherol/lipids in both mild and severe PE; (3) 
significantly decreased plasma vitamin C and protein thiol levels; (4) similar 
erythrocyte glutathione content, total plasma antioxidant capacity, and whole 
plasma oxidizability values; (5) significantly elevated plasma total lipid 
hydroperoxides, the major initial reaction products of lipid peroxidation, in severe PE; 
(6) no intracellular or extracellular increases in any of the secondary 
end-products of lipid peroxidation, malondialdehyde or lipoperoxides; 
(7) similar oxidative damage to proteins quantified by plasma carbonyl levels, 
immunoblot analysis, and advanced oxidation protein products assessment; and (8) 
significantly elevated and severity-related soluble vascular cell adhesion molecule-1 
serum levels reflecting endothelial dysfunction. No correlations were found 
among plasma levels of circulating adhesion molecules with regard to 
lipid and protein oxidation markers. Globally, these data reflect mild oxidative 
stress in blood of preeclamptic women, as oxidative processes seem to be counteracted by 
the physiologic activation of antioxidant enzymes and by the high plasma vitamin E 
levels that would prevent further oxidative damage. These results do not permit us 
to conclude that oxidative stress might be a pathogenetically relevant 
process causally contributing to the disease (A comprehensive study of 
oxidative stress and antioxidant status in preeclampsia and normal pregnancy.  
Llurba E, Gratacos E, Martin-Gallan P, Cabero L, Dominguez C. Free Radic Biol Med. 
2004 Aug 15;37(4):557-70). In fact, I believe that this data could be interpreted to 
mean that high levels of antioxidants could be responsible for preeclampsia. 

8.6.1  Vitamins C and E Do Not Prevent Preeclampsia 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Llurba+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Gratacos+E%22%5BAuthor%5D
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To study the possible involvement of an (im)balance between oxidants and antioxidants 
in pre-eclampsia concentrations of intra- and extracellular blood antioxidants in women 
with uncomplicated and hypertensive pregnancies, they were studied preconceptionally 
and throughout pregnancy. In uncomplicated pregnancies (n = 19) and hypertensive 
pregnancies (n = 6) concentrations of whole blood and plasma thiols, plasma vitamins/E 
and C, hemoglobin, and hematocrit were assessed at preconception, 6, 10, 20, and 37 
weeks of gestational age, as well as six weeks postpartum. A repeated mixed model was 
used for statistical analysis. Vitamin C and most whole blood and plasma thiol 
concentrations decreased during pregnancy, while vitamin E, whole blood oxidized 
cysteinyl-glycine and the ratio of free to oxidized homocysteine revealed a linear 
increase during pregnancy. Postpartum plasma cysteine and vitamin C levels and 
the ratio of free to oxidized levels of cysteine, cysteinyl-glycine, and glutathione were 
significantly lower as compared to preconceptional levels, whereas whole blood oxidized 
cysteine, cysteinyl-glycine and glutathione levels, and whole blood and plasma 
homocysteine levels were significantly higher six weeks after delivery. Plasma cysteine 
and homocysteine, and whole blood oxidized cysteine and homocysteine levels were 
significantly higher at 37 weeks of gestational age in the hypertensive group compared to 
those in the uncomplicated group. There were no other differences between the 
hypertensive and uncomplicated groups. CONCLUSION: In normal pregnancy there 
seems a balance between antioxidant and oxidant concentrations despite modest 
oxidative stress. In mildly hypertensive pregnancies a marginal imbalance may occur (A 
longitudinal study of antioxidant status during uncomplicated and hypertensive 
pregnancies. Roes EM, Hendriks JC, Raijmakers MT, Steegers-Theunissen RP, Groenen 
P, Peters WH, Steegers EA. Acta Obstet Gynecol Scand. 2006;85(2):148-55). I believe 
that this study shows that pregnancy does not produce a large oxidative stress level. 

8.6.2  Antioxidants don't help, may harm during pregnancy  

Among women pregnant for the first time, antioxidant vitamins 
supplementation does not appear to curb the risk of developing 
preeclampsia -- that is, pregnancy-related high blood pressure and kidney impairment 
--and other serious complications, report doctors from Australia (New England Journal of 
Medicine, April 27, 2006). 

"We were disappointed by the findings of our study, as antioxidant vitamin therapy 
appeared to be a promising preventive strategy," Dr. Alice R. Rumbold from Women's 
and Children's Hospital in North Adelaide told Reuters Health. "However our study, the 
largest research trial completed to date investigating vitamin C and E supplements for 
women in their first on-going pregnancy, did not confirm this." 

In the trial, reported in this week's New England Journal of Medicine, 1,877 women with 
a first pregnancy were randomly assigned to daily supplementation with 1000 milligrams 
of vitamin C and 400 IU of vitamin E, or to placebo. Women began taking the tablets 
from between 14 and 22 weeks of pregnancy until delivery. 
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There were no significant differences between the vitamin group and placebo group in 
the risk of preeclampsia, death or a serious outcome for the baby, or having a very small 
infant. Also, antioxidant vitamins were associated with an increase in the 
risk of the mother developing high blood pressure and having to take 
medications to bring it down. 

"Our results do not support routine supplementation with vitamins C and E during 
pregnancy for women in their first pregnancy," Dr. Rumbold told Reuters Health. 

The authors of a related editorial conclude that "until more data are available, given 
the scant evidence of benefit and the potential harm, supplemental antioxidant 
therapy ... should not be prescribed as part of routine practice." 

This is further verification of my Unified Theory and additional invalidation of the 
Free Radi-Crap theory.  Not only do the antioxidants provide any benefits 
but they also increase the incidence of hypertension. 

8.6.3  Catalase Activity in Gestational Diabetes Is Decreased 

Some of the following material was excerpted, abstracted or modified from: Blood 
Catalase Activity in Gestational Diabetes Is Decreased but Not Associated with 
Pregnancy Complications. Laszlo Góth, Zoltán Tóth, Ildikó Tarnai, Maria Bérces, Peter 
Török and William N. Bigler. Clinical Chemistry 51: 2401-2404, 2005. 

Gestational diabetes occurs with variable severity in 3%–5% of all pregnancies and may 
be related to oxidative stress and impaired antioxidant defenses. Antioxidant enzymes 
include superoxide dismutase, which produces hydrogen peroxide, and catalase, which 
consumes hydrogen peroxide. Catalase is the main regulator of hydrogen peroxide 
metabolism, which is associated with diabetes mechanisms such as Glut 4 expression, 
insulin secretion, insulin signaling, protein tyrosine phosphatase regulation, and glucose 
transport stimulation (Halliwell B. Oxidative stress in cell culture: an under-appreciated 
problem?. FEBS Lett 2003;540:3-6).  

Experiments with fresh human hemolysate allowed us to determine H2O2 decomposition 

by catalase and GPO using these enzymes in their original quantitative ratio. The 
different kinetics of these enzymes are shown: H2O2

 decomposition by catalase depends 
linearly on H2O2 concentration, whereas that by GPO becomes saturated at concentrations 
above 10-6 mol/L H2O2. Even at very low H2O2 concentrations GPO reaches only 
approximately 8% of the rate at which catalase simultaneously degrades H2O2. These data 
indicate an almost exclusive role for catalase in the removal of H2O2 in normal 
human erythrocytes (Direct Evidence for Catalase as the Predominant H2O2 -Removing 
Enzyme in Human Erythrocyte. Sebastian Mueller, Hans-Dieter Riedel, and Wolfgang 
Stremmel. Blood, Vol. 90 No. 12 (December 15), 1997: pp. 4973-4978).  

Hydrogen peroxide has novel insulin-like effects, e.g., inhibition of lipolysis and 
reactivation of phosphoenolpyruvate carboxy kinase.   
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Insulin moderates hydrogen peroxide generation and catalase synthesis 
(Mahadev K, Wu XD, Zilbering A, Zhu L, Lawrence JTR, Goldstein BJ. Hydrogen 
peroxide generated during cellular insulin stimulation is integral to activation of the distal 
insulin-signaling cascade in 3T3–L1 adipocytes. J Biol Chem 2001;276:42662-42669) 
(Pomytkin IA, Kolesova OE. Effect of insulin on the rate of hydrogen peroxide 
generation in mitochondria. Bull Exp Biol Med 2003;135:541-542) (Xu L, Badr MZ. 
Enhanced potential for oxidative stress in hyperinsulinemic rats: Imbalance between 
hepatic peroxisomal hydrogen peroxide production and decomposition due to 
hyperinsulinemia. Horm Metab Res 1999;31:278-282).  

High catalase activity in erythrocytes seems to provide antioxidant defense for tissues 
with low catalase activity, particularly pancreatic beta cells. Catalase is important in 
antioxidant defense against hydrogen peroxide, but there are conflicting reports of 
decreases (Bloch KO, Vorobeyechi M, Yavrians K, Vardi P. Selection of insulin-
producing rat insulinoma (RINm) cells with improved resistance to oxidative stress. 
Biochem Pharmacol 2003;65:1797-1805) (Sindhu RK, Koo JR, Roberts CK, Vazioori 
ND. Dysregulation of hepatic superoxide dismutase, catalase, and glutathione peroxidase 
in diabetes: responses to insulin and antioxidant therapies. Clin Exp Hypertens 
2004;26:43-53), increases (Weidig P, McMaster D, Bayraktutban U. High glucose 
mediates pro-oxidant and antioxidant enzyme activities in coronary endothelial cells. 
Diabetes Obes Metab 2004;6:432-441), and no change(Manea A, Constatinescu E, 
Popov D, Raicu M. Changes in oxidative balance in rat pericytes exposed to diabetic 
conditions. J Cell Mol Med 2004;8:117-126) in catalase activity in diabetes. Here are 
more inconsistencies. 

Hydrogen peroxide has novel insulin-like effects, e.g., inhibition of lipolysis and 
reactivation of phosphoenolpyruvate carboxy kinase (Visentin V, Prevot D, Marti L, 
Carpene C. Inhibition of rat fat cell lipolysis by monoamine oxidase and semicarbazide-
sensitive amine oxidase substrates. Eur J Pharmacol 2003;466:235-243) (Sutherland C, 
Tebby PW, Granner DK. Oxidative and chemical stress mimic insulin by selectively 
inhibiting the expression of phosphoenolpyruvate carboxykinase in hepatoma cells. 
Diabetes 1997;46:17-22), and insulin moderates hydrogen peroxide generation 
(Mahadev K, Wu XD, Zilbering A, Zhu L, Lawrence JTR, Goldstein BJ. Hydrogen 
peroxide generated during cellular insulin stimulation is integral to activation of the distal 
insulin-signaling cascade in 3T3–L1 adipocytes. J Biol Chem 2001;276:42662-42669) 
(Pomytkin IA, Kolesova OE. Effect of insulin on the rate of hydrogen peroxide 
generation in mitochondria. Bull Exp Biol Med 2003;135:541-542) and catalase 
synthesis (Xu L, Badr MZ. Enhanced potential for oxidative stress in hyperinsulinemic 
rats: Imbalance between hepatic peroxisomal hydrogen peroxide production and 
decomposition due to hyperinsulinemia. Horm Metab Res 1999;31:278-282).  

A high incidence (14%) of diabetes mellitus observed in 63 Hungarian patients with 
inherited catalase deficiency (1 with type 1 and 7 with type 2 diabetes) could be 
associated with damage to oxidation-sensitive pancreatic beta cells by exposure to long-
term increased hydrogen peroxide concentrations, but there have been conflicting 
reports from small studies of maternal and embryonic catalase in rat (Forsberg H, 



Borg LAH, Cagliero E, Eriksson UJ. Altered levels of scavenging enzymes in embryos 
subjected to a diabetic environment. Free Radic Res 1996;24:451-459) and human 
(Wender-Ozegowska E, Kozlik J, Bizcysko R, Egowski S. Changes of oxidative stress 
parameters in diabetic pregnancy. Free Radic Res 2004;38:798-803) gestational 
diabetes.  

8.6.4   Blood Catalase Activity in Gestational Diabetes Is Decreased but Not 
Associated with Pregnancy Complications 
 
Goth et al compared blood catalase activity in patients with gestational diabetes, pregnant 
patients without diabetes, and nonpregnant nondiabetic individuals. They examined the 
catalase gene mutations associated with decreased catalase activities and evaluated the 
effects of decreased maternal blood catalase activity on complications in newborns. 
 

The mean (SD) blood catalase activity for pregnant women was decreased 18% (P 
<0.001) compared with the control. The decrease in mean catalase activity was even 
greater (32%) for the gestational diabetes group. The mean blood hemoglobin 
concentrations for the pregnant nondiabetic and for the gestational diabetes group 

were decreased 7% and 9%, respectively, compared with the controls. The mean ratio 

of blood catalase to hemoglobin was significantly lower than in the controls for both the 
nondiabetic pregnant group and the gestational diabetes group. I believe that this means 
that diabetics have less oxygen carrying capacity in their blood, which could also 
lead to lower EMOD levels. 

In the pregnant nondiabetic group, there was no difference in mean hemoglobin or 
catalase between the second and third trimesters, whereas in the gestational diabetes 
group, there was significant  variation of mean blood catalase [second trimester, 67 
(18) MU/L (62% of control value); third trimester, 80 (15) MU/L (74% of control value)] 
but the mean blood hemoglobin did not vary.  

They observed significant differences in the decreases in mean blood hemoglobin 
concentrations (6%–9%) and catalase activities (18%–38%) in the nondiabetic pregnant 
and gestational diabetes groups compared with the control group (P <0.05).  

Before a diagnosis of gestational diabetes is made, usually during the second trimester, 
and before initiation of insulin therapy, oxidative stress and glucose autooxidation may 
increase hydrogen peroxide generation and diminish catalase synthesis.  

The observed higher mean catalase activity in the third than the second trimester in the 
gestational diabetes group may reflect the success of intensive insulin therapy and 
decreased blood glucose and oxidative stress. This is the first report of this change in 
catalase activity associated with control of hyperglycemia in human gestational diabetes; 

their observation is consistent with animal experiments in which insulin therapy 
normalized catalase activity and protein expression (Sindhu RK, Koo JR, Roberts CK, 
Vazioori ND. Dysregulation of hepatic superoxide dismutase, catalase, and glutathione 



peroxidase in diabetes: responses to insulin and antioxidant therapies. Clin Exp 
Hypertens 2004;26:43-53).  

The low catalase activities of the 60 insulin-treated patients with gestational diabetes 
were not associated with clinical disorders. During their pregnancies, 53 of 
these patients had no complications, 7 had hypertension, and 3 had preeclampsia.  

Their data suggest that dysregulation of catalase synthesis could be responsible for 
decreased blood catalase in gestational diabetes and its change in the second and third 
trimester. They found no link between known mutations in the catalase gene and 
such dysregulation.  

“Blood Catalase Activity in Gestational Diabetes Is Decreased but Not 
Associated with Pregnancy Complications” means that H2O2 is not 
harmful, even during pregnancy. 
 

Goth et al compared blood catalase activity in patients with gestational diabetes, pregnant 
patients without diabetes, and nonpregnant nondiabetic individuals. They examined the 
catalase gene mutations associated with decreased catalase activities and evaluated the 
effects of decreased maternal blood catalase activity on complications in newborns.  

Study participants included 60 pregnant women with gestational diabetes but no family 
history of diabetes mellitus, who were undergoing treatment at the Department of 
Obstetrics and Gynecology of the Medical and Health Science Center (Debrecen, 
Hungary). All received insulin therapy. Blood samples were taken from 32 women in the 
second trimester and 28 in the third trimester. For comparison we used 235 age- and sex-
matched nonpregnant, nondiabetic women (nonpregnant group) (18) and 169 pregnant, 
nondiabetic women (pregnant group) from the outpatient clinics of the Municipal 
Hospital (Sümeg, Hungary). From this group we evaluated the catalase activity of 129 
pregnant, nondiabetic women from the second trimester and 136 from the third trimester. 
We received consent from the participants, and the samples were de-identified.  

Blood catalase and hemoglobin data are presented. The mean (SD) blood catalase 
activity for pregnant women was decreased 18% compared with the control group. 
The decrease in mean catalase activity was even greater (32%) for the gestational 

diabetes group. The mean blood hemoglobin concentrations for the pregnant nondiabetic 

group and for the gestational diabetes group were decreased 7% and 9%, respectively, 
compared with the controls.  

They observed significant differences in the decreases in mean blood hemoglobin 
concentrations (6%–9%) and catalase activities (18%–38%) in the nondiabetic pregnant 
and gestational diabetes groups compared with the control group (P <0.05).  

Mutations that are known to cause catalase deficiencies in some Hungarians (exon 2, 
Hungarian type A and B; intron 7, type C) were not detected in any of the 38 nonpregnant 
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individuals, 30 pregnant women without diabetes, or 9 women with gestational diabetes 
and catalase activity <50% of the mean activity of the reference population.  

They investigated 22 patients with gestational diabetes who had decreased blood catalase 
activities (below the lower limit of 80.3 MU/L of the reference interval) for the catalase 
gene regulatory mutation (C-to-T substitution in the 5' promoter region, which may 
influence catalase activity. Thus, the presence or absence of these catalase gene 
mutations did not appear to influence catalase activity.  

Before a diagnosis of gestational diabetes is made, usually during the second trimester, 
and before initiation of insulin therapy, oxidative stress and glucose autooxidation may 
increase hydrogen peroxide generation and diminish catalase synthesis. The observed 
higher mean catalase activity in the third than the second trimester in the 
gestational diabetes group may reflect the success of intensive insulin therapy and 
decreased blood glucose and oxidative stress. This is the first report of this change in 
catalase activity associated with control of hyperglycemia in human gestational diabetes; 

their observation is consistent with animal experiments in which insulin therapy 
normalized catalase activity and protein expression.  

To evaluate the change in hyperglycemia control in the gestational diabetes group, we 
measured Hb A1c concentrations in second and third trimester samples. Samples from 
both trimesters had mean Hb A1c values within the reference interval, but the second 

trimester mean was significantly higher than the third trimester mean. This Hb A1c 
change correlated negatively with the change in mean catalase activities [second 
trimester, 67 (18) MU/L (n = 32) vs third trimester, 80 (15) MU/L (n = 28); P <0.001]. 
Similar effects have been observed for serum and blood catalase in patients with type 2 
diabetes.  

The low catalase activities of the 60 insulin-treated patients with 
gestational diabetes were not associated with clinical disorders. During 
their pregnancies, 53 of these patients had no complications, 7 had hypertension, and 3 
had preeclampsia.  

They evaluated 53 newborns to assess the impact of decreased maternal catalase activity 
during gestational diabetes. The infants were divided into 2 groups based on maternal 
catalase activities: group A with lower [52 MU/L; n = 9] and group B with higher [78 
MU/L; n = 44] activity. The cutoff for groups A and B was 60 MU/L, the mean of the 
maternal blood catalase activities. There were no significant differences in mean birth 

weights or mean gestation times. The frequencies of cesarean section were similar in 
these groups. Group B, with higher catalase activity, had a higher 
frequency of respiratory distress syndrome [10 of 44 (22%) vs 1 of 9 
(11%)] and of other complications (icterus, 44%; hypoxia, 5%; anemia, 
5%; acidosis, 5%; erythema, 5%; pyelectasy, 2%; premature delivery, 
2%). Similar complications were not detected in group A, possibly because of the low 
number of patients in this group. Although they could not perform a clear statistical 



analysis because of the small number of patients, these results suggest that low maternal 
catalase activity does not represent a significant risk for mothers or newborns. I 
believe that it indicates that high catalase levels, which produce low 
H2O2 levels, results in increased complications, due to low EMOD levels. 
Further, low catalase levels, which allows for higher H2O2 levels, are not 
associated with any abnormalities. I believe that this is an important 
observation in that low catalase levels do not adversely affect either the mother or 
the newborn.  This means that any increased hydrogen peroxide is not 
having any deleterious effects. 

Goth et al data suggest that dysregulation of catalase synthesis could be responsible for 
decreased blood catalase in gestational diabetes and its change in the second and third 
trimester. They found no link between known mutations in the catalase 
gene and such dysregulation. 

8.6.5   Facts on Gestational Diabetes  

Date: 9 June 2005, Source: eDiets.com, Author: Susan Burke  
Gestational diabetes is diabetes that affects women during pregnancy, usually resolving 
with delivery of the baby. I believe that this validates my theory that 
diabetes can under go spontaneous regression.  It is like type 2 diabetes in that 
it is a resistance to insulin and it is generally inherited, being obese can also be a factor. If 
the mother does not have enough insulin or their cells become resistant to it, the energy 
or "sugar" stays in the bloodstream where it can be picked up via blood tests. The baby 
receives all the excess energy in the blood when it crosses the placenta, and is essentially 
'overfed'. The excess energy causes the baby to produce large amounts of fat (stored 
energy) which increases the mother's risk for a Caesarean section as the baby is so big. 
The baby can suffer attacks of hypoglycemia in the early stages after delivery as they 
suddenly lack the constant high blood sugar levels that the placenta was providing in 
utero. They are at increased risk for birth injuries due to their size and can also have 
problems breathing (respiratory distress syndrome), and longer than usual neonatal 
jaundice. Factors that increase the risk of a woman developing gestational diabetes 
include being obese, previous gestational diabetes, ethnicity (eg African American, 
Native American and Hispanic), age (>30), family history of diabetes, and previous poor 
results of a pregnancy eg miscarriage or deformity. A single incidence of gestational 
diabetes can increase a woman's' vulnerability to develop type 2 diabetes later in life.  

Ways to prevent gestational diabetes is to maintain a healthy weight before, during and 
after delivery, and screening for diabetes should be offered to every pregnant woman 
(normally during 24-28 weeks gestation, unless they are high risk which requires earlier 
screening). The screening tool is called the glucose tolerance. Confirmed gestational 
diabetes can be treated with a healthy diet and regular light exercise, but some expecting 
mothers have to use insulin as well and they should have frequent visits to an 
obstetrician. There is a very good chance that the diabetes will return with 



subsequent pregnancies, there is also the possibility that the diabetes will not subside 
once the baby is born, particularly in overweight women. 

The list of conditions listing Gestational diabetes as a complication includes:  

• Lupus  
• Polycystic ovary syndrome  

8.6.6  Risk factors for GDM 

The list of risk factors mentioned for Gestational diabetes in various sources includes:  

• Obesity  
• Family history of diabetes  
• Gestational diabetes in previous pregnancy  
• Miscarriages in previous pregnancies  
• Stillbirth in previous pregnancy  
• Large baby in previous pregnancy  
• Birth defect in previous pregnancy  

As of April of 2008, surgeons have found that small bowel bypass in bariatric 
surgery patients causes spontaneous regression of diabetes in over 80% of cases. 

Complications of pregnancy link to future stroke risk  

Date: 28 September 2005, Source: MedPage Today, Author: Paula Moyer  
A study has found that women suffering from pregnancy complications such as 
gestational diabetes and pre-eclampsia, have a two fold risk for developing 
cardiovascular disease, focusing on stroke, after ten years compared to women with 
no complications. Other pregnancy complications considered were placental abruption, 
preterm birth, small for gestational age, large for gestational age, oligohydramnios, 
postpartum hemorrhage, and stillbirth. These findings should stimulate doctors and 
pregnant patients to avoid other stroke risk factors, including obesity, smoking, low 
physical activity, untreated high blood pressure, high fat diet, and high cholesterol. 
African American women were at a greater risk of suffering cardiovascular events 
including subarachnoid hemorrage, intercerebral hemorrhage, and ischemic stroke. 

8.6.7  Diabetics have twice the risk of stroke 

Diabetics have at least twice the risk of stroke and may show performance deficit in 
a wide range of cognitive domains. The mechanisms underlying this gradually 
developing end-organ damage may involve both vascular changes and direct damage to 
neuronal cells as a result of overproduction of superoxide by the respiratory chain and 
consequent oxidative stress. The study aimed to assess the role of oxidative stress on the 
aldose reductase-polyol pathway, on advanced glycated end-product (AGE)/AGE-
receptor interaction, and on downstream signaling in the hippocampus of streptozotocin-
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treated rats. Data show that, in diabetic rats, levels of prooxidant compounds increase, 
whereas levels of antioxidant compounds fall. Receptor for AGE and galectin-3 content 
and polyol flux increase, whereas glyceraldehyde-3-phosphate dehydrogenase activity is 
impaired. Moreover, nuclear factor B (p65) transcription factor levels and S-100 protein 
are increased in the hippocampus cytosol, suggesting that oxidative stress triggers the 
cascade of events that finally leads to neuronal damage. Dehydroepiandrosterone, 
the most abundant hormonal steroid in the blood, has been reported to 
possess antioxidant properties. When dehydroepiandrosterone was administered 
to diabetic rats, the improved oxidative imbalance and the marked reduction of AGE 
receptors paralleled the reduced activation of nuclear factor B and the reduction of S-100 
levels, reinforcing the suggestion that oxidative stress plays a role in diabetes-related 
neuronal damage (Up-Regulation of Advanced Glycated Products Receptors in the Brain 
of Diabetic Rats Is Prevented by Antioxidant Treatment. Manuela Aragno et al. 
Endocrinology Vol. 146, No. 12 5561-5567, 2005). 
 
8.6.8   Decreased lung function increases risk of stroke 
 

The chances of having a stroke are modestly increased in people with impaired lung 
function, even if they have never smoked nor had respiratory symptoms, researchers 
report. However, that finding only applies to whites, it seems, not to blacks. Dr. Aaron R. 
Folsom of The University of Minnesota, Minneapolis and colleagues note in the medical 
journal Chest, December 2006, that few studies have examined the relation between lung 
function and stroke, and none have studied African Americans. 

To do so, the researchers tracked 13,842 middle-aged adults, about a quarter of whom 
were black. During 13 years of follow-up, there were 472 strokes. The researchers found 
that chances of a stroke went up as lung function went down, but the 
relationship weakened once other risk factors were taken into account. Nevertheless, it 
remained statistically significant for white subjects. Their risk of having a stroke was 
59% higher for those with the lowest lung function compared to those with the highest. 

Moreover, although the relationship was also seen in whites who had never smoked or 
had had no respiratory symptoms, this was not the case in blacks. The researchers 
suggest that the finding might be explained by chance, because of the relative small 
numbers of blacks in the study, or that the lung function measurements may have been 
less reliable in the African American group. 

Dr. Stephan F. van Eeden, of the University of British Columbia, Vancouver, co-author 
of accompanying editorial, told Reuters Health that in a previous study he and his 
colleagues helped establish that exposure to air pollutants can lead to hardening of the 
arteries. This could explain the relationship between reduced lung function and stroke in 
people who had never smoked, he pointed out.  I do not believe that the air pollutants 
are primarily responsible for the arteriosclerosis but it is instead due to lowered 
oxygen levels and subsequent insufficient EMOD levels, which can not oxidize the 
microaggregates and allows for plaque formation. 



These and other findings, he concluded, help put "exposure to air pollution in the 
same category of risk for heart attacks and stroke as the other known risk factors ... 
such as cigarette smoking, high cholesterol levels and diabetes." In my opinion, this 
helps establish the inter-relationships of these disease entities and establishes the 
fact that lowered oxygen consumption and subsequent insufficient EMOD levels are 
key in disease manifestation. 

8.6.10   Researchers link gestational diabetes to cancer 

Women who had gestational diabetes when pregnant may be at greater risk of 
developing pancreatic cancer, according to U.S. and Israeli researchers who said the 
study was the first to link the two diseases.  Previous studies have shown that people 
with type-2 diabetes faced increased risk of pancreatic cancer, but the new results 
show a connection to the less common form of diabetes caused by the release of certain 
hormones and weight gain during pregnancy, researchers said. 

Pancreatic cancer is particularly lethal because it is often diagnosed late in its 
development and only about five percent of people with the disease survive for five 
years. More than around 200,000 new cases are diagnosed worldwide each year. 

Mary Perrin, a researcher at New York University's School of Medicine, said the findings 
need to be confirmed in further studies, but are important because gestational diabetes 
appears to be increasing as obesity rates rise.  "What makes this study important is -- 
other than a potential to develop type-2 diabetes -- not much is known about gestational 
diabetes, which may be an earlier marker of risk of other health outcomes like pancreatic 
cancer," Perrin, who led the study, said in a telephone interview.  I believe that the 
pregnant patients are in an EMOD insufficiency state to allow the development of 
the embryo (foreign matter) and it is not surprising that this insufficiency state will 
also allow for future development of pancreatic cancer. 

Diabetes has become more common in the United States and elsewhere in recent decades 
thanks in part to growing rates of obesity. An estimated 20.8 million Americans have 
diabetes, mostly type-2. 

Some studies have shown diabetes can be an early symptom of pancreatic cancer. It is 
caused when the body fails to properly use and sometimes produce insulin, made in the 
pancreas. 

In the study in BMC Medicine on 8/16/07, the researchers traced health records of nearly 
40,000 women who gave birth between 1964 and 1976 in Jerusalem as part of a study.  
Because the records are so detailed in Israel, researchers were able to track the women to 
find out how many developed pancreatic cancer later in life.  The study found that of 
410 women diagnosed with gestational diabetes in one or more 
pregnancy, five got pancreatic cancer. 



The findings represent a statistically significant level of risk and merit further study 
of links between the two diseases, said Perrin. She added that the absolute risk was very 
low.  "It really would need to be confirmed in other studies but it shouldn't alarm anyone 
who has had gestational diabetes that they are destined to get pancreatic cancer," she said. 

8.7.0   Cancer:  Risk Factor   

Risk factor list: The list of risk factors mentioned for Cancer in various sources 
includes:  

• Risks depend on the specific type of cancer but some are common  
• Tobacco  
• Smoking  
• Cigar smoking  
• Pipe smoking  
• Chewing tobacco  
• Snuff  
• Diet  
• Ultraviolet (UV) radiation  
• Alcohol  
• Radiation exposure  
• Certain chemicals  
• Toxins  
• Hormone replacement therapy (HRT)  
• Diethylstilbestrol (DES)  
• Family history of cancer  
• Previous history of cancer  

Still, most people who get cancer have none of the known risk factors. And most people 
who do have risk factors do not get the disease.  

8.7.1   Cancer by the Numbers 

Lung cancer is the most common cancer worldwide, accounting for 1.2 million new cases 
annually; followed by cancer of the breast, just over 1 million cases; colorectal, 940,000; 
stomach, 870,000; liver, 560,000; cervical, 470,000; esophageal, 410,000; head and neck, 
390,000; bladder, 330,000; malignant non-Hodgkin lymphomas, 290,000; leukemia, 
250,000; prostate and testicular, 250,000; pancreatic, 216,000; ovarian, 190,000; kidney, 
190,000; endometrial, 188,000; nervous system, 175,000; melanoma, 133,000; thyroid, 
123,000; pharynx, 65,000; and Hodgkin disease, 62,000 cases. 

The three leading cancer killers are different than the three most common forms, with 
lung cancer responsible for 17.8 per cent of all cancer deaths, stomach, 10.4 per cent and 
liver, 8.8 per cent. 
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Industrial nations with the highest overall cancer rates include: U.S.A, Italy, Australia, 
Germany, The Netherlands, Canada and France. Developing countries with the lowest 
cancer were in Northern Africa Southern and Eastern Asia. (A complete list of cancer 
rates by countries can be found at http://www-dep.iarc.fr/. 

8.7.2   The Western lifestyle and its health risks 

 
The Western lifestyle is characterized by a highly caloric diet, rich in fat, refined 
carbohydrates and animal protein, combined with low physical activity, resulting in an 
overall energy imbalance. It is associated with a multitude of disease conditions, 
including obesity, diabetes, cardiovascular disease, arterial hypertension and cancer. I 
believe that ingestion of antioxidant vitamins may be a major factor also and 
ingestion of EMOD suppressing drugs. 

Malignancies typical for affluent societies are cancers of the breast, colon/rectum, uterus 
(endometrial carcinoma), gallbladder, kidney and adenocarcinoma of the oesophagus. 
Prostate cancer is also strongly related to the Western lifestyle, but there is an additional 
ethnic component; black people appear to be at a greater risk than whites and the 
latter at higher risk than Asian populations. Similar lifestyles are associated with a 
similar tumor burden. Since they have a common cause, these neoplasms typically go 
together. There is no region in the world that has a high incidence of breast cancer 
without a concurrent colon cancer burden. 

Migrant populations rapidly reach the higher level of risk of the adopted country, 
another sign that environmental factors play a major role. 

Obesity is spreading epidemically throughout the world. It visualizes a chronic energy 
imbalance and is an independent predictor of an increased cancer risk, particularly for 
carcinomas of the uterine endometrium, kidney and gall bladder. 

Together with the independent Expert Report on diet and chronic disease, released in 
March 2003 by WHO and FAO (Food and Agriculture Organization) the World Cancer 
Report provides policymakers with the latest information on which to base advice. 

8.7.3   Cancer Still a Heavy Burden for African Americans (blacks) 

This study was released from The American Cancer Society, Feb. 2007: 

The United States has made strides recently in improving the outlook for people with 
cancer. Deaths from the disease have dropped for two years in a row. But a new 
American Cancer Society report shows that progress has been slower among African 
Americans than people of other races in this country.  

Death rates from cancer have been declining among both African American men and 
women, according to Cancer Facts & Figures for African Americans 2007-2008. Yet the 
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cancer death rate is still 35% higher for African American men compared to white 
men and 18% higher in African American women compared to white women. In fact, 
African Americans have the highest death rate and shortest survival 
rate of any other racial or ethnic group for most cancers, the report says. 

The reasons for these differences aren't completely understood, but economic and social 
gaps are believed to play a large role. Nearly a quarter of African Americans in the US 
live in poverty, and 20% are uninsured, the report says. People who are poor and 
uninsured are more likely to have their cancers found later, when they're harder to treat, 
and are more likely to receive substandard care. 

"Access to insurance and healthcare as well as health education play an important role in 
one's health, but a lot of African Americans do not have access to these tools," said 
Durado Brooks, MD, director of prostate and colorectal cancers at ACS. "This report 
makes clear there is a need for more focus on improving socioeconomic factors and 
providing educational opportunities that can help further lessen cancer's unequal burden 
on African Americans." 

Lung Cancer the Biggest Killer 

The report estimates there will be 152,900 new cases of cancer among African Americans 
in 2007, and 62,780 cancer deaths. 

As in the population at large, lung cancer is the leading cause of cancer death in African 
American men and women, though it is only the second most common cancer among 
both sexes. In 2007, 21,550 lung cancer cases and 16,700 deaths from lung cancer are 
expected among African Americans. 

This cancer is more common among African American men than white men, partly 
because of differences in smoking. More African American men smoke, and more of 
them smoke mentholated cigarettes, which may be more harmful than regular cigarettes. 
Still, lung cancer rates have been decreasing among African American men since 1984, 
though rates continue to rise among African American women. 

Colorectal cancer is the third most common cancer and the third leading cause of cancer 
death in both African American men and women. Rates of this cancer are higher 
among African Americans than among whites, as are deaths.  

Around 16,440 new cases and 7,070 deaths from colorectal cancer are expected in 
African Americans in 2007. African Americans have lower 5-year survival rates for 
this disease than whites, in part because it is typically detected at a later, more advanced 
stage in African Americans. 

Breast, Prostate, Cervical Cancer Inequalities 
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Death rates from breast cancer, the most common cancer among African American 
women, are much higher than for white women, even though fewer African American 
women get the disease.  

Biology also plays a role; aggressive tumors are more common in African American 
women than white women. Overall, the report estimate 19,010 new breast cancer cases 
and 5,830 breast cancer deaths in 2007 among African American women. 

Around 1,910 new cases of cervical cancer are expected in African American women in 
2007. The incidence of this cancer has been declining, but it is still 30% higher in 
African American women compared to white women.  

The death rate is also higher. African American women are twice as likely to die from 
cervical cancer as white women. Some 720 deaths from cervical cancer are expected in 
2007. 

Among African American men, prostate cancer is the most common cancer and the 
second leading cause of cancer death. The death rate for this disease is more twice as 
high among African Americans as whites. The incidence rate is also higher. Death 
rates have been declining in African American men, but not as quickly as they have 
dropped in white men. Screening rates are also lower compared to whites. About 30,870 
new cases of prostate cancer and 4,240 deaths are expected to occur among African 
American men in 2007.  

8.7.4   Rising Global Cancer Rates 

This study was released from The American Cancer Society, Feb. 2007: 

Cancer prevention, detection, and treatment are getting short shrift in many low- and 
middle-income countries, a new report from the Institute of Medicine says, and global 
health agencies must beef up resources to fight the disease in these areas. The document 
provides strategies even the poorest countries can begin using to reduce the toll cancer 
takes. 

That toll is enormous and growing, according to Cancer Control Opportunities in Low- 
and Middle-Income Countries. Each year, there are 11 million cases of cancer 
worldwide, and 6 million of those occur in low- or middle-income nations. Some 4 
million people die from cancer in these countries each year -- 1 million more than 
die of AIDS, the report says. 

The IOM report was sponsored by the American Cancer Society and the National Cancer 
Institute and released in time for World Cancer Day on Feb. 4, 2007. 

"Low- and middle-income countries have many unique but also surmountable challenges 
when it comes to fighting cancer," said Elmer Huerta, MD, president-elect of the 
American Cancer Society and a native of Peru. "Their risks are increasing due to 
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aging populations, increased tobacco usage, aggressive tobacco industry marketing, 
lack of basic health information, and the unfortunate behaviors often accompanying 
rapid economic development - unhealthy Western lifestyle habits, including poor 
diet and inadequate exercise." 

Tobacco Control, Vaccines 

In fact, controlling tobacco is one of the most important ways developing nations can 
attack cancer, the report says. Smoking has made lung cancer the most common 
cancer and the most common cause of cancer death in low- and middle-income 
countries, as it is in wealthier nations. The report urges countries to ratify the Framework 
Convention on Tobacco Control, a global tobacco control treaty, and implement key 
provisions: 

• Increase tobacco taxes to raise the price of cigarettes and other tobacco products  
• Ban advertising and promotion of tobacco products  
• Pass laws making public spaces smoke-free  
• Put large, explicit health warnings on cigarette packages  
• Publicize the health risks of tobacco use and the benefits of quitting 

Vaccines can also have a huge impact, the IOM report says. More than a quarter of all 
cancers in low- and middle-income countries are caused by infections; in wealthy 
nations, just 8% are. Certain vaccines could narrow that gap. For instance, vaccinating 
children against hepatitis B could prevent many cases of liver cancer, a disease that kills 
some 500,000 people worldwide each year. According to the report, a 3-dose series of the 
vaccine costs less than $2 through UNICEF, the United Nations Children's Fund, and 
additional subsidies are available. Yet fewer than 10% of children in Southeast Asia and 
Africa receive this lifesaving vaccine. 

Countries also need a plan to access and implement the new vaccine against human 
papilloma virus (HPV), the report says. HPV causes most cases of cervical cancer, which 
kills nearly 300,000 women each year, most of them in low- and middle-income nations. 

Optimal Use of Resources 

More than 70% of cancer patients in these nations are incurable at diagnosis. 

The report also calls for treatment guidelines for certain cancers that outline feasible 
options, depending on what's available in a particular country. For instance, in places 
where there are few radiation facilities, women with breast cancer still can be effectively 
treated with mastectomy, rather than breast-conserving surgery, which requires radiation. 
Similar guidelines can be developed for cervical, colorectal, and head and neck cancers, 
the report says. 

8.7.5   New research confirms previous findings about cancer and pregnancy  
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 Date: 20 October 2004, Source: Reuters Health 

New research supports previous findings. Very premature deliveries results in a 
doubled risk of breast cancer and twins or triplets delivered during the 
first pregnancy also increased risk of breast cancer. Preeclampsia reduced 
the risk of breast cancer in women who had their first pregnancy in their 30’s. I believe 
that this supports my contention that pregnancy constitutes a state of relative 
EMOD deficiency to allow the development of the fetus.  It also “allows” for the 
development of cancer, although nulliparous women are at increased risk for breast 
cancer, which may be due to high levels of the antioxidant, estrogen. 

8.7.6   Definitions of Cancer 

A tumor composed of atypical neoplastic, often pleomorphic cells that invade other 
tissues. Malignant neoplasms usually metastasize to distant anatomic sites and may recur 
after excision. The most common malignant neoplasms are carcinomas 
(adenocarcinomas or squamous cell carcinomas), Hodgkin's and non-Hodgkin's 
lymphomas, leukemias, melanomas, and sarcomas. – 2004. 

Cause details for Cancer: The body is made up of many types of cells. Normally, cells 
grow and divide to produce more cells only when the body needs them. This orderly 
process helps keep the body healthy. Sometimes, however, cells keep dividing when new 
cells are not needed. These extra cells form a mass of tissue, called a growth or tumor. 

Many types of cancer are related to the use of tobacco, what people eat and drink, 
exposure to ultraviolet (UV) radiation from the sun, and, to a lesser extent, exposure to 
cancer-causing agents (carcinogens) in the environment and the workplace. Some people 
are more sensitive than others to factors that can cause cancer. 

Some types of cancer (including melanoma and cancers of the breast, ovary, prostate, 
and colon) tend to occur more often in some families than in the rest of the population. 
It is often unclear whether a pattern of cancer in a family is primarily due to heredity, 
factors in the family's environment or lifestyle, or just a matter of chance. 

8.7.7   Olive oil questionably hinders cancer process 

People who use plenty of olive oil in their diets may be helping to prevent damage to 
body cells that can eventually lead to cancer, new research suggests. In a study of 182 
European men, researchers found evidence that could be interpreted that olive oil can 
reduce oxidative damage to cells' genetic material, a process that can initiate cancer 
development. 

They say the findings may help explain why rates of several cancers are higher in 
Northern Europe than in Southern Europe, where olive oil is a dietary staple. They also 
support advice to replace saturated fats from foods like meat and butter with vegetable 



fats, particularly olive oil, said study co-author Dr. Henrik E. Poulsen, of Copenhagen 
University Hospital in Denmark. 

He and his colleagues report the findings in The FASEB Journal, January 2007, a 
publication of the Federation of American Societies for Experimental Biology. 

The study included healthy men between the ages of 20 and 60 from five European 
countries. For two weeks, the men consumed a quarter cup of olive oil throughout each 
day. At the end of the study, they showed an average 13 percent reduction in a 
substance called 8oxodG, which is a marker of oxidative damage to cells' DNA. 

Such damage occurs when byproducts of metabolism called reactive oxygen species 
overwhelm the body's antioxidant defenses. Olive oil contains a number of compounds, 
called phenols, believed to act as powerful antioxidants. 

However, those compounds didn't seem to account for the drop in DNA 
oxidative damage, according to Poulsen's team. The men in the study used three 
different olive oils with varying levels of antioxidant phenols, and oxidative damage 
declined regardless of the phenol content.  I believe that this sums up this 
study in that so-called oxidative damage was not related to phenol content of the 
ingested olive oil. This is just another highly speculative paper of unrelated 
associations. 

Instead, the researchers suspect that the monounsaturated fats in olive oil are behind the 
effect. The findings, they say, suggest that olive oil may be part of the reason that certain 
cancers, including breast, colon, ovarian and prostate cancers, are less common in 
Mediterranean countries than in Northern Europe. At the beginning of the study, men 
from Northern Europe had higher levels of 8oxodG than those from Southern Europe. 
This is consistent, according to Poulsen's team, with the expected effects of the olive-oil-
rich "Mediterranean diet." 

However, Poulsen told Reuters Health, the diet is more than just olive oil. Ideally, it's 
also rich in fruits, vegetables, whole grains and fish.  Moreover, regardless of its 
benefits, he added, olive oil is no substitute for calorie control and regular exercise. 

8.7.8   Blocking aldose reductase curbs colon cancer, in mice 

Blocking the enzyme aldose reductase prevents proliferation of human colon cancer 
cells and arrests tumor progression in mice, researchers report in the journal Cancer 
Research (Cancer Research, October 1, 2006). Moreover, they point out, drugs that block 
this enzyme already exist. 

"Since an aldose reductase inhibitor is being used in Japan under the trade name 
Epalrestat for the prevention of secondary diabetic complications, and at least three new 
inhibitors are (in) clinical trials in the U.S., it will be easier to start the clinical trials for 
colon cancer using these inhibitors," Dr. Satish K. Srivastava told Reuters Health. 



In their lab experiments, Srivastava, at the University of Texas Medical Branch, 
Galveston, and colleagues found that blocking aldose reductase led to inhibition of 
cancer cell growth. In addition, the team established that interfering with aldose 
reductase in mice bearing human colon cancer cells completely arrested tumor 
progression. 

"If the inhibitors work as effectively as they worked in animal and cellular models of 
colon cancer," Srivastava concluded, "in a relatively short period of time a novel 
chemopreventive drug can be developed." 

8.7.9   Contagious Canine Cancer Spread by Parasites 

Dogs have a form of sexually transmitted cancer that for 200 to 2,500 years has 
apparently spread via contagious tumor cells that escaped from their original body and 
now travel around the world as parasites. These cells are the oldest cancers known to 
science thus far, and could shed light on how cancers survive and evade the immune 
system. (Special to Live Science by Charles Q. Choi). The study is detailed in the Aug. 
11, 2006 issue of the journal Cell. 

The researchers investigated canine transmissible venereal tumor, a cancer found in the 
domestic dog and potentially in relatives such as the gray wolf and coyote. It is spread 
through sex and licking, biting and sniffing cancerous areas. The tumors usually 
regress three to nine months after their appearance, leaving the dogs 
immune to reinfection, although providing enough time for dogs to pass the disease on. 
I believe that this is another example of spontaneous regression and illustrates the 
fact that cancer only grows and proliferates in areas which are biochemically 
compatible with such growth, such as areas, organs or tissue with low EMOD levels. 

Some human cancers, such as cervical cancer, are caused by viruses.  

What is unique about this dog cancer is that, for 30 years, scientists have suggested it was 
caused by spreading the tumor cells themselves rather than a virus or other contagious 
agent. Prior research showed, for instance, the disease could not spread from tumor cell 
extracts or dead tumor cells, but only via living tumor cells. Still, virus-like particles 
seen in the tumor cells clouded the issue. 

Cancer researcher Robin Weiss at University College London and his colleagues 
analyzed genetic markers in recently collected and archived tissue from dogs spanning 
five continents, from locales in Italy, India, Kenya, Brazil, the United States, Turkey and 
Spain. They found the tumor cells did not actually belong to the dogs they were in. 
Rather, the cells were all genetically nearly identical, apparently stemming from a wolf or 
a closely related ancient dog breed from China or Siberia. 

The tumor cells themselves act as parasites, the new study concludes. 



The researchers found the cancer secretes compounds that inhibit facets of the 
immune systems of their hosts, allowing them to avoid detection. At the same time, the 
immune inhibition they cause rarely results in death of the infected animal, to help 
guarantee the host passes the disease on. I believe that this indicates a control of 
EMOD levels such that proliferation is achieved and apoptosis or necrosis is 
avoided. 

Judging by the number of mutations the cancer's DNA accumulated, the researchers 
estimate it emerged 200 to 2,500 years ago. Instead of becoming progressively more 
genetically unstable over time, as scientists widely supposed happens to cancer, these 
cancer cells "do not go on getting more and more genetically unstable," Weiss told 
LiveScience. 

8.8.0   More to smoking than just cancer  

Date: 18 August 2005, Source: CBS News  
Tobacco has been commonly linked with cancer and cardiovascular disease, but there is 
also increased risk of other diseases such as lupus erythematosus, Grave's disease, 
rheumatoid arthritis (RA), erectile dysfunction, obstructive sleep apnea, gastro-
esophageal reflux disease (GERD), and Alzheimer's disease. Autoimmune conditions, 
such as lupus, Grave's disease and RA, occur when the defense cells of the body 
recognize and attack itself, resulting in pain and inflammation. 

8.8.1   Smoking reduces PMN respiratory burst and increases atherosclerosis 

The association between cigarette smoking and atherogenesis is well 
established. Inflammatory cells may participate in atherogenesis via activation of the 
NADPH oxidase and the subsequent production of reactive oxygen species (ROS), which 
exacerbates endothelial injury. However, little is known about the ability of cigarette 
smoke (CS) to modulate NADPH oxidase protein function. In this study, Dunn et al.  
investigated the ability of a CS extract derived from a high tar cigarette to alter human 
neutrophil ROS production and the translocation of two NADPH oxidase proteins, 
p47phox and p67phox. Phorbol ester-induced intracellular and extracellular production of 
ROS was reduced following CS treatment as measured by enhanced luminol or 
isoluminol chemiluminescence, respectively. The phorbol ester-induced phosphorylation 
and translocation of p47phox from the cytosol to the membrane was not changed by CS 
treatment but the translocation of p67phox was reduced. Cigarette smoke 
treatment alone did not provoke neutrophil ROS production. These 
findings demonstrate that CS treatment reduced agonist-induced human neutrophil 
ROS production independent of p47phox phosphorylation and translocation from the 
cytosol to the membrane. However, this inhibition could be attributed to a reduction in 
translocation of another cytosolic NADPH oxidase protein, p67phox. Although 
neutrophil-generated ROS have been implicated in the pathogenesis of atherosclerosis, 
this does not appear to be the mechanism by which CS induces vascular injury (Inhibition 
of human neutrophil reactive oxygen species production and p67phox translocation by 
cigarette smoke extract. JS Dunn et al. Atherosclerosis. 2005 Apr;179(2):261-7). I 



believe that this is consistent with my argument that atherosclerois is caused by an 
endothelial or vascular EMOD insufficiency, which allows for plaque formation. 

Also see: Cigarette smoke impairs neutrophil respiratory burst activation by aldehyde-
induced thiol modifications. H Nguyen et al. Toxicology. 2001 Mar 7;160(1-3):207-17. 
this data also shows that stimulation of neutrophils in the presence of CS resulted in 
a reduced oxidation and chlorination of HPA, suggesting inhibition of NADPH oxidase 
or myeloperoxidase (MPO), the two major enzymes involved in inflammatory oxidant 
formation.  Here, cigarette smoke reduced oxidation by NADPH oxidase and 
myeloperoxidase. 

8.8.2   Prostate cancer risk reduced in diabetics  

Date: 27 January 2005, Source: News Target  
A study by the American Cancer Society involving 72,000 men has found that diabetic 
men are less at risk of developing prostate cancer. The reduced risk may be due to the 
reduced insulin level. However, this effect was only valid after several years of having 
the condition. The results showed that a diagnosis of diabetes within the prior 
three years actually increased the risk of prostate cancer relative to men 
without diabetes but men who had diabetes for more than four years reduced their 
risk by a third. This effect could be explained by the initial increase of insulin levels 
during the early stages of diabetes and then a marked drop as the disease progresses. 
Insulin levels may affect hormone levels and hence cancer risk. 

8.8.3    Misc.:  Estrogen, Telomerase, my concepts 

Just as cells use signals for growth and division, they also utilize signals for cellular 
death.  Cancerous cells do not respond to these oxidative signals.Cancer cells exhibit or 
manifest a type of immortality.  It is estimated that 90% of human cancer related 
deaths are due to metastases and established distant sites. Some believe that 
less than 10% of cancers are inherited.   

Some breast cancer cells will die if they are deprived of the antioxidant estrogen. I 
believe that this allows the EMODs to perform their apoptotic execution function. 
The oxidant producing tamoxifen can signal the cancer cell to die. It is said that no two 
cancer cells are the same and that they are all different but the mechanism for their 
signaled cellular death may be the same oxidative event. 

8.8.4    Breast cancer pill saves few lives, study finds  
 
Tamoxifen, the pill that prevents breast cancer in high-risk women, does not appear in the 
long run to save many lives, U.S. researchers reported. Women at the highest risk of 
breast cancer do appear to live longer if they take tamoxifen, the researchers report in the 
latest issue of the journal Cancer (Jul 24, 2006). 



But for women at the low end of the high risk group, the sometimes serious side effects 
of tamoxifen outweigh the benefits, Dr. Joy Melnikow of the University of California, 
Davis, and colleagues reported. Tamoxifen can cause blood clots and uterine cancer. 

"We found that for women at the lower end of the high-risk range for developing breast 
cancer, there is a very small likelihood that taking tamoxifen will reduce mortality," 
Melnikow said in a statement. Melnikow and her colleagues calculated that tamoxifen 
can extend life expectancy only when a woman's five-year risk of developing breast 
cancer is 3 percent or higher. This is especially true for women who have not had a 
hysterectomy, and thus risk endometrial cancer from taking tamoxifen. 

Many women are in any case switching to a newer class of drugs known as aromatase 
inhibitors to treat breast cancer or to the osteoporosis drug raloxifene to prevent it. 
Raloxifene, made by Eli Lilly and Co. under the name Evista, has been shown to prevent 
breast cancer as well as tamoxifen does, without causing as many blood clots, cataracts or 
as many cases of uterine cancer. In June, researchers reported that women with breast 
cancer who switched to Pfizer Inc.'s drug Aromasin after taking tamoxifen were 17 
percent less likely to die. 

Tamoxifen blocks estrogen, which can help fuel the growth of tumors in some cases. 

In women considered at high risk of breast cancer, usually meaning they have a close 
relative with breast cancer, have had several suspicious-looking lumps, or other 
conditions, tamoxifen reduced their risk of breast cancer by 49 percent. 

Aromasin, known generically as exemestane, and similar drugs inhibit the enzyme 
aromatase, which is needed to produce estrogen. The aromatase inhibitors are now 
being used just after breast cancer surgery instead of tamoxifen in many women to keep 
the disease from returning. They are not approved for prevention of breast cancer. 

Tamoxifen was sold by AstraZeneca Plc under the name Nolvadex but is now marketed 
by several generic drug makers. It remains the only drug approved for use in preventing 
breast cancer in women who have not yet reached menopause. 

Breast cancer is the second leading cause of cancer death among U.S. women, after lung 
cancer. More than 200,000 people are diagnosed and another roughly 40,000 die from it 
each year, according to the American Cancer Society.  

Tamoxifen is a drug that is taken daily as a pill. It has been used for more than 25 years 
to help treat women with breast cancer. Tamoxifen works against breast cancer, in part, 
by interfering with the activity of estrogen. Estrogen is a female hormone that can fuel 
the growth of breast cancer cells. Tamoxifen works by blocking estrogen from attaching 
to receptors on the surface of breast cells. For this reason, it is often called an "anti-
estrogen." and is used as a treatment for estrogen receptor positive breast cancer. 
(Estrogen receptor positive breast cancer responds to estrogen, estrogen receptor negative 
breast cancer does not.).  



8.8.5    Prooxidant role of tamoxifen 

A prooxidant role of Tam or OH-Tam has been presented and I believe that the 
prooxidant activity of tamoxifen is of most importance (Tamoxifen Modulates Protein 
Kinase C via Oxidative Stress in Estrogen Receptor-negative Breast Cancer Cells. Usha 
Gundimeda , Zhen-Hai Chen and Rayudu Gopalakrishna. J. Biol. Chem. Volume 271, 
Number 23, Issue of June 7, 1996 pp. 13504-13514).  

8.8.6    Antioxidants block antineoplasic effects of tamoxifen 

Various antioxidants (vitamin E, vitamin C, -carotene, catalase, and superoxide 
dismutase) inhibited all these cellular effects of Tam. Moreover, vitamin E strikingly 
blocked Tam-induced growth inhibition (Tamoxifen Modulates Protein Kinase C via 
Oxidative Stress in Estrogen Receptor-negative Breast Cancer Cells. Usha Gundimeda , 
Zhen-Hai Chen and Rayudu Gopalakrishna. J. Biol. Chem. Volume 271, Number 23, 
Issue of June 7, 1996 pp. 13504-13514). 

8.8.7    Lipid Peroxidation may be protective in the Prevention of Breast Cancer 

Manuela Gago-Dominguez et al have recently proposed a common mechanistic pathway 
by which obesity and hypertension lead to increased renal cell cancer risk. Their 
hypothesis posits lipid peroxidation, which is a principal mechanism in rodent renal 
carcinogenesis, as an intermediate step that leads to a final common pathway shared by 
numerous observed risks (including obesity, hypertension, smoking, 
oophorectomy/hysterectomy, parity, preeclampsia, diabetes, and analgesics) or protective 

factors (including oral contraceptive use and alcohol) for renal cell cancer [Cancer Causes 
Control 2002;13:287–93]. During this exercise, they have noticed how certain risk factors 
for renal cell carcinoma are protective for breast cancer and how certain protective factors 
for renal cell carcinoma increase risk for breast cancer. Parity and oophorectomy, for 
example, are positively associated with renal cell carcinoma but are negatively associated 
with breast cancer. Similarly, obesity and hypertension are positively associated with 
renal cell carcinoma, but obesity is negatively associated with breast cancer in 
premenopausal women and hypertension during pregnancy is negatively associated with 
breast cancer. Furthermore, alcohol intake, negatively associated with renal cell 
carcinoma, is also positively associated with breast cancer. They propose here the 
possibility that lipid peroxidation may represent a protective mechanism in breast 

cancer. Although this runs counter to the conventional view that lipid peroxidation is a 
process that is harmful and carcinogenic, we present here the chemical and biological 
rationale, based on epidemiologic and biochemical data, which may deserve further 

consideration and investigation. (Cancer Epidemiol Biomarkers Prev 2005;14(12):2829–
39). 

 

 



8.8.8    High bread consumption tied to renal cell cancer: another red herring 
(spurious result) 

A diet high in refined cereals, and bread in particular, is associated with an elevated 
risk of renal cell carcinoma (RCC), the main type of kidney cancer, according to a 
study in Italy. Diet and nutrition are thought to play a role in the development of RCC, 
but the effect of specific food groups on the risk of this malignancy is controversial, 
explain Dr. Francesca Bravi and colleagues in the International Journal of Cancer 
(International Journal of Cancer, online October 20, 2006). 

Bravi, from Istituto di Ricerche Farmacologiche "Mario Negri" in Milan, and associates 
elsewhere in Italy, used food frequency questionnaires to compare the diets of 767 
patients with RCC in the 2 years prior to diagnosis to those of 1534 'controls' who were 
admitted to the same hospitals for acute, non-cancer disorders. 

Comparing the highest with the lowest intakes, consumption of bread increased the 
risk of RCC by 94 percent, pasta and rice by 29 percent, and milk and yogurt by 27 
percent. Conversely, high intake of poultry, processed meat, and vegetables 
appeared to reduce the risk by 26 percent, 36 percent, and 35 percent, respectively. 

"To our knowledge, no other study investigated the role of cereals on RCC," the 
researchers state. Their findings confirm that "moderate cereal and high vegetables 
consumption may have a favorable effect on this (cancer)." I believe that this is yet 
another example of nonsense/nonscience.  (spurious result) 

8.8.9    My take on cancer 

Query:  Is there any cell type or organ or tissue which does not form cancer cells? If 
all cells can become cancerous, I believe that this means that all cells have 
proliferation held in check by high or apoptotic levels of EMODs.  Thus, all cells are 
potentially immortal if the apoptotic check (governor) is removed by reducing 
EMOD levels. Ergo, cancer cells do not have to learn to become immortalized 
because that potential or property is always there but is held in check by EMOD 
levels and apoptotic control. 

Query:  Does telomerase affect EMOD production?  I predict that if it does, it will 
decrease EMOD levels and allow for uncontrolled proliferation. Reportedly, increasing 
telomere length assures continued cellular proliferation. 

My concept of cancer differs in that the normal cell is constantly held in neoplastic check 
by EMODs and an insufficiency of EMODs allows the cell to express its inherent 
cancerous tendencies and proliferate uncontrollably.  This does not require activating 
substances or growth inhibitor substances but only requires a deficiency of EMODs.  
Also for growth it does not require additional growth factors but only requires 
circumstances of reduced EMOD production. Metastatic sites are those sites which have 
insufficiencies of EMODs which would normally trigger apoptosis and does not require 



the presence of growth stimulators.  Certainly, growth stimulators and inhibitors are 
involved but I believe that cancer control is primarily under EMOD control. 

I do not believe that cancer cells have to “learn” to invade and metastasize because all 
they have to do is to find another body area with reduced EMOD production. Sloughed 
cells of the primary site will normally be carried throughout the body but they must find 
“fertile soil” for continued growth and sites with high apoptotic inducing EMOD levels 
will kill the metastatic cells. I have extended the fertile soil concept to apply to bacterial 
vegetations seen with prosthetic heart valves or with scarred valves. 

Using the car metaphor suggested by Douglas Hanahan and Robert Weinberg, I envision 
the cell as being a car with a reveved up engine and EMODs are acting like the brakes or 
the governor.  To go forward only requires the release of the brake, with an EMOD 
deficiency.  

It is said that cancer cells have to “learn” to avoid the process of apoptosis.  However, I 
believe that the ability to divide is already there and is always normally suppressed by 
EMODs. In other words, avoiding apoptosis does not have to be learned because the 
desire to proliferate is already inherently there in there cell. 

8.9.0 Zinc 

8.9.1 Zinc supplementation may prevent some cancers  

Date: 8 January 2005, Source: New Kerala  
Philadelphia researchers have discovered that oral zinc supplementation in rats can 
reverse the development of precancerous conditions in cancers such as esophageal 
and oral cancer. It also reduces to production of COX-2 production. Zinc deficiency 
and COX-2 over production are linked to esophageal and oral cancer and thus zinc 
supplementation. It is hoped that humans would also benefit from the preventative action 
of zinc supplementation and maybe even consumption of low amounts of celecoxib. 

8.9.2 Zinc and the Diabetic Heart. 

Zinc (Zn) is an essential mineral that is required for various cellular functions. Its 
abnormal metabolism is related to certain disorders such as diabetic complications. 
Oxidative stress has been considered as the major causative factor for diabetic 
cardiomyopathy. Zn has a critical antioxidant action in protecting the heart 
from various oxidative stresses. Zn deficiency was found to be a risk factor for 
cardiac oxidative damage and supplementation with Zn provides a significant prevention 
of oxidative damage to the heart. Diabetes causes a significant systemic oxidative stress 
and also often is accompanied by Zn deficiency that increases the susceptibility of the 
heart to oxidative damage. Therefore, there is a strong rationale to consider the strategy 
of Zn supplementation to prevent or delay diabetic cardiomyopathy. Possible 
mechanisms by which Zn supplementation prevents diabetic heart disease include an 



antioxidant action of Zn, insulin function and metallothionein induction (Zinc and the 
diabetic heart. Song Y, Wang J, Li XK, Cai L. Biometals. 2005 Aug;18(4):325-32). 

8.9.3   Iron and Zinc 

Free iron, not iron bound to ferritin or transferrin, is carcinogenic (McCord JM. 
Iron, free radicals and oxidative injury. Semin Hematol 1998;35:5–12). To date, most 
epidemiologic markers of iron have reflected bound iron. It is generally believed that free 
iron exists only when transferrin is saturated in individuals who have an excess of iron. 
However, free iron was found among individuals in the absence of transferrin saturation, 
suggesting that an alternative mechanism exists for the generation of free iron in vivo 
(Breuer W, Hershko C, Cabantchik ZI. The importance of non-transferrin bound iron in 
disorders of iron metabolism. Transfus Sci 2000;23:185–92). A trigger that disturbs iron 
homeostasis may transiently generate free iron. One such trigger may be alcohol 
consumption, which is known to disrupt iron homeostasis (Fletcher LM, Halliday JW, 
Powell LW. Interrelationships of alcohol and iron in liver disease with particular 
reference to the iron-binding proteins, ferritin and transferrin. J Gastroenterol Hepatol 
1999;14:202–14). 

Results suggest that high dietary heme iron intake may increase the risk of proximal 
colon cancer, especially among postmenopausal women who drink. However, high 
dietary zinc intake may decrease the risk of colon cancer (proximal and distal). Women 
who consumed more dietary zinc tended to have healthier behavioral and dietary patterns, 
despite the high correlation between dietary heme iron and zinc intake. Therefore, they 
cannot exclude uncontrolled confounding (Heme Iron, Zinc, Alcohol Consumption, 
and Colon Cancer: Iowa Women's Health Study. Duk-Hee Lee, Kristin E. Anderson, Lisa 
J. Harnack, Aaron R. Folsom, David R. Jacobs, Jr. Journal of the National Cancer 
Institute, Vol. 96, No. 5, 403-407, March 3, 2004). 

Heme, the major functional form of iron, is synthesized in the mitochondria. Although 
disturbed heme metabolism causes mitochondrial decay, oxidative stress, and iron 
accumulation, all of which are hallmarks of ageing, heme has been little studied in 
nutritional deficiency, in ageing, or age-related disorders such as Alzheimer's disease 
(AD).  

Biosynthesis of heme requires Vitamin B(6), riboflavin, biotin, pantothenic acid, and 
lipoic acid and the minerals zinc, iron, and copper, micronutrients are essential for the 
production of succinyl-CoA, the precursor for porphyrins, by the TCA (Krebs) cycle. 
Only a small fraction of the porphyrins synthesized from succinyl-CoA are converted to 
heme, the rest are excreted out of the body together with the degradation products of 
heme (e.g. bilirubin). Therefore, the heme biosynthetic pathway causes a net loss of 
succinyl-CoA from the TCA cycle. The mitochondrial pool of succinyl-CoA may limit 
heme biosynthesis in deficiencies for micronutrients (e.g. iron or biotin deficiency). 
Ageing and AD are also associated with hypometabolism, increase in heme oxygenase-1, 
loss of complex IV, and iron accumulation. Heme is a common denominator for all these 
changes, suggesting that heme metabolism maybe altered in age-related disorders. Heme 
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can also be a prooxidant: it converts less reactive oxidants to highly reactive free 
radicals. Free heme has high affinity for different cell structures (protein, membranes, 
and DNA), triggering site-directed oxidative damage (Heme, iron, and the mitochondrial 
decay of ageing. Atamna H. Ageing Res Rev. 2004 Jul;3(3):303-18). 

Antioxidant nutrients include vitamin E, vitamin C, vitamin B(6), beta-carotene, zinc, 
and selenium. There are numerous small molecules in the cell such as glutathione, alpha-
tocopherol, vitamins A and C, melanin, etc. which are antioxidant molecules. 

Prooxidant nature of aluminum ion can act as a prooxidant by stabilizing reduced iron 
the initiating species for lipid peroxidation, and by inhibiting the antioxidant action of 
flavonoid. 

There are prooxidant effects of various anticancer drugs including anthracyclines and 
bleomycin, platinum derivatives and the N- and S-mustards. 

Peroxidase inhibition can be effected by drugs such as zinc salts, almitrine, 
deferoxamine. 

8.9.4  Xeroderma pigmentosum (XP) 

In light of recent studies implicating low catalase activities in the pathogenesis of the 
cancer-prone disease xeroderma pigmentosum (XP) we have measured catalase activity, 
protein levels, and mRNA concentrations in six XP fibroblast strains and three normal 
controls. Only one XP strain of complementation group A (XP1223) possessed 
significantly lower catalase by all three criteria. The other five XP strains (two XP 
variants, two strains of complementation group D, and one strain of complementation 
group C) possessed catalase levels which fell into the range of the interindividual 
variations of normal controls. We further assessed the total enzymatic antioxidant defense 
status by measuring the levels of copper, zinc, and manganese superoxide dismutase and 
glutathione peroxidase. None of these enzymes showed significant deviations from 
controls in XP cells. Our results do not support the notion that a deficient enzymatic 
antioxidant defense facilitates the establishment of a prooxidant state in XP upon 
exposure to near-UV (Antioxidant enzymes in xeroderma pigmentosum fibroblasts. 
Crawford D, Zbinden I, Moret R, Cerutti P. Cancer Res. 1988 Apr 15;48(8):2132-4). 

8.9.5  Angiogenesis and Tissue Hypoxia 

Angiogenesis may also be a property which is always present in the cell and is allowed to 
manifiest itself only in EMOD deficiency states.  This could be checked in patients with 
immunosuppression or cancer induction. Angiogenesis is thought to be regulated by 
several growth factors (EGF, TGF-alpha, beta-FGF, VEGF). Induction of these 
angiogenic factors is triggered by various stresses. For instance, tissue hypoxia exerts its 
pro-angiogenic action through various angiogenic factors, the most notable being 
vascular endothelial growth factor, which has been mainly associated with initiating the 
process of angiogenesis through the recruitment and proliferation of endothelial cells. 
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Recently, reactive oxygen species (ROS) have been found to stimulate angiogenic 
response in the ischemic reperfused hearts. Short exposure to hypoxia/reoxygenation, 
either directly or indirectly, produces ROS that induce oxidative stress which is 
associated with angiogenesis or neovascularization. ROS can cause tissue injury in one 
hand and promote tissue repair in another hand by promoting angiogenesis. It thus 
appears that after causing injury to the cells, ROS promptly initiate the tissue repair 
process by triggering angiogenic response (Redox signaling in vascular angiogenesis. 
Maulik N, Das DK. Free Radic Biol Med. 2002 Oct 15;33(8):1047-60). Please 
remember that hypoxia is a stimulus for angiogenesis. 

Since anoxia causes cell death in all aerobic cells, cancer cells need low levels of EMODs 
to coincide with increased proliferation rates and need an oxygen supply created by 
angiogenesis, while avoiding a situation which would supply so much oxygen that 
apoptotic levels of EMODs develop. 

The continual surveilence for the development of neoplastic cells is supported by the 
oxidative self healing system for EMOD production. 

Breast cancer, colon/rectum cancer and lung cancer are most prevelant in affluent 
countries.  I believe that this could in part be due to the high intake of antioxidant dietary 
supplements in these countries.  Also, (William Nelson M.D., Ph.D. of JHH) that the fact 
that a rural Asian man who migrates to the US increases his risk of prostate cancer to 
equal that of a US male may indicate that he also ingests high levels of antioxidants in 
foods and through dietary supplements.  This may be the reason for his increased risk 
of prostate cancer. An increase in dietary fat is also thought to increase cancer risk 
and it may be acting as an EMOD trap or sink. 

8.9.6  Vascular density 

As poor vascularization of tumours is thought to imply poor delivery of oxygen leading 
to the presence chronically hypoxic tumor cells, measurements of the density of tumor 
vasculature could be indicative of the amount of hypoxia in tumours. Such measurements 
can be undertaken wherever a biopsy can be obtained from a human tumor and 
histological sections made, but scoring the stained sections is labor intensive. Well-
vascularized human tumors have been shown to be better oxygenation than poorly 
vascularized tumors by measurement of intra-capillary oxyhemoglobin saturation using 
cryospectrophotometry. Several studies in patients with cervical carcinoma have shown 
vascular density to be related to local tumor control and 5 year survival after 
radiotherapy. Although vascular density does not provide direct evidence of tumor 
oxygenation status and ignores the possibility of acutely hypoxic cells, the predictive 
value of these measurements for survival after radiotherapy suggests that chronically 
hypoxic cells are an important component of the total hypoxic fraction of human tumours 
leading to radioresistance. 
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8.9.7  Oxygen electrodes 

Direct measurements of oxygen have been made in human tumors and clearly show that 
many tumors are more hypoxic than their surrounding normal tissues. Gatenby showed 
that measurements made with the oxygen electrode could predict the response of lymph 
node metastases to radiotherapy, with significant differences in the pre-treatment 
oxygenation status of responders and non-responders. Oxygenation did not correlate with 
either stage, histological grade or tumor size and therefore cannot be predicted from these 
parameters. Oxygen electrode studies have shown that oxygenation of tumors can be 
improved by allowing patients to breathe carbogen (Falk, S.J., Ward, R., and Bleehen, 
N.M. (1991). The influence of carbogen breathing on tumour tissue oxygenation in man 
evaluated by computerised pO2. Br. J. Cancer, 66, 919-924). 

8.9.8  Exhaling Hydrogen peroxide 

This latest installment on the natural occurrence of H2O2 strikes close to home - like our 
own bodies. Levels of 210 - 720 ppb H2O2 have been reported in the breath of normal 
healthy individuals. While this may not seem like much, it amounts to about 1.5 
lbs-100% H2O2 over a lifespan of 70 years. 
 
NOTE: H2O2 is normally found in each aerobic cell as an endogenous metabolite. It is 
generated during cell respiration by various metabolic processes (e.g., oxidase-catalyzed 
reactions), by oxidative stress (i.e., superoxide anion degradation by superoxide 
dismutase) and by patho-physiological reactions such as those involving activated 
phagocytes. 

9.0.0  Hyperoxygenation, PDT and tumor Kill 

Tumor hypoxia, either preexisting or as a result of oxygen depletion during 
photodynamic therapy (PDT) light irradiation, can significantly reduce the effectiveness 
of PDT-induced cell killing. To overcome tumor hypoxia and improve tumor cell killing, 
we propose using supplemental hyperoxygenation during Photofrin-PDT. The 
mechanism for the tumor cure enhancement of the hyperoxygenation–PDT combination 
is investigated using an in vivo–in vitro technique. A hypoxic tumor model was 
established by implanting mammary adenocarcinoma in the hind legs of mice. Light 
irradiation (200 J/cm2 at either 75 or 150 mW/cm2), under various oxygen supplemental 
conditions (room air, carbogen, 100% normobaric or hyperbaric oxygen), was delivered 
to animals that received 12.5 mg/kg Photofrin 24 h before light irradiation. Tumors were 
harvested at various time points after PDT and grown in vitro for colony formation 
analysis. Treated tumors were also analyzed histologically. The results show that when 
PDT is combined with hyperoxygenation, the hypoxic condition could be improved and 
the cell killing rate at various time points after PDT could be significantly enhanced 
over that without hyperoxygenation, suggesting an enhanced direct and indirect cell 
killing associated with high-concentration oxygen breathing. This study further confirms 
our earlier observation that when a PDT treatment is combined with 
hyperoxygenation it can be more effective in controlling hypoxic tumors 



(Hyperoxygenation Enhances the Tumor Cell Killing of Photofrin-mediated 
Photodynamic Therapy. Zheng Huang et al. Photochemistry and Photobiology: Vol. 78, 
No. 5, pp. 496–502). (normobaric carbogen (Carb) (95% O2 and 5% CO2. 
 

9.0.1  Emodin, gonadotropin releasing hormone and singlet oxygen 

Investigators synthesized five new emodin derivatives and their gonadotropin-releasing 
hormone (GnRH) conjugates to be used as potential photoactive conjugates. Emodin was 
modified at its hydroxy groups and included different spacers for conjugation of the 
peptide. Lev-Goldman et al used electron spin resonance (ESR) and spin trapping 
techniques to study the light-stimulated redox properties of the emodin derivatives and 
their GnRH conjugates. Upon irradiation, all new emodin derivatives and their 
conjugates stimulated the formation of singlet oxygen, that is, 1O2, and oxygen 
radicals, that is, O2

-  and OH . However, substantial differences were found between the 
tested derivatives as to the efficacy of reactive oxygen species (ROS) production. 
Because of its superior ROS production properties, [D-Lys6(MeoEmo)]GnRH was 
selected as a leading conjugate. En-route to evaluate its targeting capacity, this potentially 
cytotoxic conjugate was tested in vitro to determine its hormonal activity and binding 
affinity to GnRH receptors (Synthesis and Active Oxygen Generation by New Emodin 
Derivatives and Their Gonadotropin-Releasing Hormone Conjugates. Vered Lev-
Goldman et al. Bioconjugate Chem., 17 (4), 1008 -1016, 2006). 

9.0.2  Photodynamic Therapy 

Photochemical activation of the photosensitizer in the tumor site generates highly 
toxic singlet oxygen (1O2) and other reactive oxygen species that kill tumor cells and 
achieve localized tumor control (Dougherty, T. J., C. H. Gomer, B. W. Henderson, G. 
Jori, D. Kessel, M. Korbelik, J. Moan and Q. Peng (1998) Photodynamic therapy. J. Natl. 
Cancer Inst. 90, 889–905) (Dalla Via, L. and S. Marciani Magno (2001) 
Photochemotherapy in the treatment of cancer. Curr. Med. Chem. 8, 1405–1418) (Sibata, 
C. H., V. C. Colussi, N. L. Oleinick and T. J. Kinsella (2001) Photodynamic therapy in 
oncology. Expert Opin. Pharmacother. 2, 917–927). 

It is generally agreed that hypoxic cells are resistant to PDT treatment. Without 
oxygen, PDT will have literally no cell-killing effect (Henderson, B. W. and 
V. H. Fingar (1987) Relationship of tumor hypoxia and response to photodynamic 
treatment in an experimental mouse tumor. Cancer Res. 47, 3110–3114) (Henderson, B. 
W. and V. H. Fingar (1989) Oxygen limitation of direct tumor cell kill during 
photodynamic treatment of a murine tumor model. Photochem. Photobiol. 49, 299–304) 
(Herzog, M., J. Moser, B. Wagner and J. Broecker (1994) Shielding effects and hypoxia 
in photodynamic therapy. Int. J. Oral Maxillofac. Surg. 23, 406–408) (Fuchs, J. and J. 
Thiele (1998) The role of oxygen in cutaneous photodynamic therapy. Free Radic. Biol. 
Med. 24, 835–847). 



Depending on their vascular distribution, many types of tumors have preexisting hypoxic 
regions. In addition, the PDT itself also induces acute hypoxia due to oxygen depletion 
during the photochemical reaction. 

9.0.3  Jet injection to aid PDT in cancer fight 
 
A new, more effective way to deliver treatment to skin cancer patients has been 
developed by NI researchers.   The system produces a high-speed liquid jet with 
sufficient intensity to pierce the skin without the need for needles.  

Pharmacy PhD student Desmond Morrow of Queen's University, Belfast, said the jet-
injection is more effective than topical application on the skin. The findings are to be 
presented at the British Pharmaceutical Conference (BPC) in Manchester on 9/10/07.  

Mr Morrow said he believes the system could improve the effectiveness of photodynamic 
therapy, which uses a light (such as a laser) combined with a light-activated drug to kill 
cancer cells.  "Photodynamic therapy is a relatively new form of skin cancer treatment 
which results in tumour death," he said.  "However, sometimes its success in individual 
patients is limited by the poor penetration of the active agent into the tumor.  

"Our research shows that a new way of administering the drug can improve the amount 
that crosses the skin barrier and gets to the required site."  Mr Morrow and his colleagues 
found that, compared with application via a bio-adhesive patch, the jet injector 
significantly increased the amount of drug that could be delivered through the skin.  

He added: "This technology has the potential to increase the efficacy of photodynamic 
therapy in skin cancer treatment.”  I believe that all of this could be avoided by the use 
of my singlet oxygen delivery system, using injectable hydrogen peroxide and 
sodium hypocholorite.   My system is capable of killing over 90% of basal cell skin 
cancers. 

9.0.4  PDT and Hyperbaric Oxygen 

By supplementing oxygen, we may improve PDT efficacy in the treatment of hypoxic 
tumors. The use of normobaric or hyperbaric oxygen to compensate for tissue 
hypoxia and oxygen depletion during clinical PDT is reported (Maier, A., U. Anegg, 
F. Tomaselli, P. Rehak, O. Sankin, B. Fell, H. Renner, H. Pinter, F. M. Smolle-Juttner 
and G. B. Friehs (2000) Does hyperbaric oxygen enhance the effect of photodynamic 
therapy in patients with advanced esophageal carcinoma? A clinical pilot study. 
Endoscopy. 32, 42–48) (Maier, A., U. Anegg, B. Fell, P. Rehak, B. Ratzenhofer, F. 
Tomaselli, O. Sankin, H. Pinter, F. M. Smolle-Juttner and G. B. Friehs (2000) Hyperbaric 
oxygen and photodynamic therapy in the treatment of advanced carcinoma of the cardia 
and the esophagus. Lasers Surg. Med. 26, 308–315) (Maier, A., U. Anegg, B. Fell, F. 
Tomaselli, O. Sankin, U. Prettenhofer, H. Pinter, P. Rehak, G. B. Friehs and F. M. 
Smolle-Juttner (2000) Effect of photodynamic therapy in a multimodal approach for 
advanced carcinoma of the gastro-esophageal junction. Lasers Surg. Med. 26, 461–466) 



(Tomaselli, F., A. Maier, O. Sankin, U. Anegg, Stranzl, H. Pinter, K. Kapp and F. M. 
Smolle-Juttner (2000) Acute effects of combined photodynamic therapy and hyperbaric 
oxygenation in lung cancer—a clinical pilot study. Lasers Surg. Med. 28, 399–403) 
(Tomaselli, F., A. Maier, H. Pinter, H. Stranzl and F. M. Smolle-Juttner (2001) 
Photodynamic therapy enhanced by hyperbaric oxygen in acute endoluminal palliation of 
malignant bronchial stenosis (clinical pilot study in 40 patients). Eur. J. Cardiothorac. 
Surg. 5, 549–554).  

Previous in vivo studies have shown that by subjecting animals to hyperoxygenation (i.e. 
normobaric 100% oxygen [NBO] breathing or hyperbaric 100% oxygen [HBO] 
breathing), it is possible to oxygenate preexisting hypoxic regions and compensate for 
PDT-induced oxygen depletion, thus improving tumor control (Chen, Q., H. Chen, J. 
Murphy, H. Shapiro and F. Hetzel (1997) Oxygen effect of photodynamic therapy. Proc. 
SIPE. 2972, 80–87) (Chen, Q., Z. Huang, H. Chen, H. Shapiro, J. Beckers and F. W. 
Hetzel (2002) Improvement of tumor response by manipulation of tumor oxygenation 
during photodynamic therapy. Photochem. Photobiol. 76, 197–203). 

9.0.5  HBO2 history 

A flurry of interest in therapeutic hyperbaric medicine was fostered by Dr I. Boerema, 
who, while in Amsterdam in 1956, reported hyperbaric oxygen (HBO) as an aid in 
cardiopulmonary surgery, particularly for congenital conditions such as tetralogy of 
Fallot, transposition of great vessels, and pulmonic stenosis. A colleague of Boerema's, 
W. H. Brummelkamp, also interested in hyperbaric medicine, discovered in 1959 (and 
subsequently published in 1961) that anaerobic infections were inhibited by hyperbaric 
therapy. Meanwhile, Boerema had published an article, "Life without blood," a report of 
fatally anemic pigs treated successfully with volume expansion and pressurized 
hyperoxygenation. Boerema often is credited as the father of modern-day hyperbaric 
medicine. 

The total oxygen content of blood under hyperbaric conditions is equal to the oxygen 
content calculation plus the dissolved oxygen content. The average metabolic 
consumption of oxygen by the human body at sea level is 6.6 cm3/100 cm3 of blood. 
Under hyperbaric conditions of 3 atm while breathing 100% oxygen, the total dissolved 
oxygen content delivered is in excess of this metabolic requirement, meaning that oxygen 
can be supplied under these conditions even in the absence of hemoglobin. 

Lavoisier first observed the detrimental effects of hyperoxygenation in 1789. In 1878, 
Paul Bert demonstrated that HBO induced seizures. This became known as the "Paul Bert 
effect" or oxygen-induced seizures. This neurologic effect may be related to the free 
radical–induced peroxidation of neurons and glial cells upon interaction with iron. 

9.0.6  HBO has no effect on stoke or brain trauma 

Alternative Therapy Evaluation Committee for the Insurance Corporation of 
British Columbia. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Alternative+Therapy+Evaluation+Committee+for+the+Insurance+Corporation+of+British+Columbia%22%5BCorporate+Author%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Alternative+Therapy+Evaluation+Committee+for+the+Insurance+Corporation+of+British+Columbia%22%5BCorporate+Author%5D


 

In order to reduce the possibility of omitting relevant human clinical trials, parallel 
searches of the Medline, HealthStar and Embase databases were undertaken, and input 
was sought from local experts in hyperbaric medicine as well as from a widely noted 
proponent of this therapy. Papers retrieved were reviewed to ensure that they reported the 
results of comparative clinical trials and were then reviewed by a panel of scientists. 
Papers were scrutinized for methodological flaws, and the clinical significance of the 
results was examined. OUTCOME: The strongest papers indicated either no effect or 
harm from hyperbaric oxygen when used to treat traumatic brain injuries or 
strokes. CONCLUSION: The scientific literature up to August 2001 does not support the 
use of hyperbaric oxygen for traumatic brain injuries and strokes (A review of the 
scientific evidence on the treatment of traumatic brain injuries and strokes with 
hyperbaric oxygen. Brain Inj. 2003 Mar;17(3):225-36). 

9.0.7  EMODs, PDT, a photoswitch and cellular signaling 

Some of the following material was abstracted, excerpted or modified from: 
Manipulation of redox signaling in mammalian cells enabled by controlled 
photogeneration of reactive oxygen species. Yehudit Posen et al. Journal of Cell Science 
118, 1957-1969 (2005). 

Reactive oxygen species (ROS) allegedly comprise a group of noxious byproducts of 
oxidative processes which participate in the induction of many common diseases. 
However, understanding their role in the regulation of normal physiological redox 
signaling is currently evolving. Detailed study of the dynamic functions of ROS within 

the biological milieu is difficult because of their high chemical reactivity, short lifetime, 
minute concentrations and cytotoxicity at high concentrations. In this study, Yehudit 
Posen et al.  show that increasing intracellular ROS levels, set off by controlled in situ 
photogeneration of a nontoxic bacteriochlorophyll-based sensitizer initiate responses in 
cultured melanoma cells. Using hydroethidine as detector, Yehudit Posen et al.  
determined light-dependent generation of superoxide and hydroxyl radicals in cell-free 
and cell culture models. Monitoring the ROS-induced responses revealed individual and 

differential behavior of protein kinases [p38, mitogen-activated protein kinase (MAPK), 
extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK) and Akt] as 
well as effects on the subcellular distribution of phosphorylated p38. Furthermore, 
alterations in morphology and motility and effects on cell viability as a function of time 
and photosensitizer doses were observed. Following mild ROS challenge, enzymatic and 
cellular changes were observed in the majority of the cells, without inducing extensive 
cell death. However, upon vigorous ROS challenge, a similar profile of the overall 
responses was observed, terminating in cell death. This study shows that precisely 
controlled photogeneration of ROS can provide simple, fine-tuned, noninvasive 
manipulation of ROS-sensitive cellular responses ranging from individual enzymes 
to gross behavior of target cells. The observations made with this tool enable a dynamic 
and causal correlation, presenting a new alternative for studying the role of ROS in 

cellular redox signaling. 



Oxygen's innate oxidizing power forms the basis of toxic oxidative stress via highly 
reactive oxygen species (ROS) when their levels overwhelm the cellular antioxidant 
capacity (Halliwell, B. and Gutteridge, J. M. C. (1999). Free Radicals in Biology and 
Medicine. Oxford: Oxford University Press). However, the classical view of ROS 
toxicity has been revolutionized as their role in redox regulation of physiological 
functions is being recognized. The ease with which various ROS cross the cell 
membrane, their high chemical reactivity and consequential short half-life make them 
ideal candidates for cellular messengers.  

Growing evidence indicates that ROS and the ensuing redox state regulate a variety of 
key cellular functions via direct alterations of enzymes such as protein kinases or 
phosphatases. Alternatively, ROS can indirectly modulate molecules containing high 
thiol-disulfide oxidation potentials, such as thioredoxin or glutathione S-transferase and 
thereby influence cellular processes.  

It has been shown that ROS play a significant role in mediation of inflammatory 

defense mechanisms (Darrah, P. A., Hondalus, M. K., Chen, Q., Ischiropoulos, H. and 
Mosser, D. M. (2000). Cooperation between reactive oxygen and nitrogen intermediates 
in killing of Rhodococcus equi by activated macrophages. Infect. Immun. 68, 3587-3593) 
(Davies, K. J. A. (1995). Oxidative stress: the paradox of aerobic life. In Free Radicals in 
Oxidative Stress: Environment, Drugs and Food Additives (ed. H. B. Evans C, Lunt GG). 
London: Portland Press) (Vazquez-Torres, A., Jones-Carson, J., Mastroeni, P., 
Ischiropoulos, H. and Fang, F. C. (2000). Antimicrobial actions of the NADPH 
phagocyte oxidase and inducible nitric oxide synthase in experimental salmonellosis. I. 
Effects on microbial killing by activated peritoneal macrophages in vitro. J. Exp. Med. 
192, 227-236), enzyme activity (Lopez-Ongil, S., Senchak, V., Saura, M., Zaragoza, C., 
Ames, M., Ballermann, B., Rodriguez-Puyol, M., Rodriguez-Puyol, D. and Lowenstein, 
C. J. (2000). Superoxide regulation of endothelin-converting enzyme. J. Biol. Chem. 275, 
26423-26427, cell proliferation (Kim, B. Y., Han, M. J. and Chung, A. S. (2001). 
Effects of reactive oxygen species on proliferation of Chinese hamster lung fibroblast 
(V79) cells. Free Radic. Biol. Med. 30, 686-698) (Preston, T. J., Muller, W. J. and Singh, 
G. (2001). Scavenging of extracellular H2O2 by catalase inhibits the proliferation of 
HER-2/Neu-transformed rat-1 fibroblasts through the induction of a stress response. J. 
Biol. Chem. 276, 9558-9564) and various other crucial physiological signal 

transduction pathways.  

Exogenously applied oxidants, such as H2O2, can mimic cellular responses to 
physiological stimulants, including the stimulation of cell metabolism and growth via 
the insulin, epidermal growth factor (EGF) or platelet-derived growth factor 
(PDGF) receptors (Fantus, I. G., Kadota, S., Deragon, G., Foster, B. and Posner, B. I. 
(1989). Pervanadate [peroxide(s) of vanadate] mimics insulin action in rat adipocytes via 
activation of the insulin receptor tyrosine kinase. Biochemistry 28, 8864-8871) (Gamou, 
S. and Shimizu, N. (1995). Hydrogen peroxide preferentially enhances the tyrosine 
phosphorylation of epidermal growth factor receptor. FEBS Lett. 357, 161-164) (Hayes, 
G. R. and Lockwood, D. H. (1987). Role of insulin receptor phosphorylation in the 
insulinomimetic effects of hydrogen peroxide. Proc. Natl. Acad. Sci. USA 84, 8115-8119) 



(Heffetz, D., Bushkin, I., Dror, R. and Zick, Y. (1990). The insulinomimetic agents H2O2 
and vanadate stimulate protein tyrosine phosphorylation in intact cells. J. Biol. Chem. 
265, 2896-2902) (Knebel, A., Rahmsdorf, H. J., Ullrich, A. and Herrlich, P. (1996). 
Dephosphorylation of receptor tyrosine kinases as target of regulation by radiation, 
oxidants or alkylating agents. EMBO J. 15, 5314-5325).  

Oxidants have been shown to activate receptor tyrosine kinases (RTKs) and their 
downstream signaling components including mitogen-activated protein kinases 
(MAPKs). Similarly, oxidative stress has demonstrated effects on protein kinase B 
(PKB/Akt) in various cellular processes mediated by phosphoinositide 3-kinase  and heat 
shock protein 27 (HSP27). However, the specific signaling molecules targeted by 
physiologically generated or exogenously applied ROS remain ill defined.  

The elusive nature of ROS, their profound chemical reactivity and short life span, 
combined with the complexity of their detection in the physiological milieu retards 
the study of their role in biology. In an attempt to tightly regulate ROS doses at 
temporal and spatial, as well as at type-specific levels, Yehudit Posen et al made use of a 
bacteriochlorophyll-based (Bchl) photosensitizer which allowed for controlled, in situ 
generation of ROS upon illumination at a wavelength matching its absorption spectrum. 
This compound and other bacteriochlorophyll-based molecules have been used for 
generation of cytotoxic levels of ROS in photodynamic therapy (PDT) of different 
malignancies and for modeling superoxide dismutase activity. The ROS profile generated 

by each sensitizer has been determined using electron spin resonance (ESR)-based 
analyses, time resolved optical spectroscopy and photochemical products analyses under 
cell-free conditions and have been shown to include O2

–, OH· and singlet oxygen. The 
specific ROS generated are highly dependent on the microenvironment in which the 
photosensitization takes place and are thus expected to induce distinct effects on cellular 

components situated in each environment. Pd-bacteriochlorophyll derivatives have been 
shown to largely generate protonated superoxide in lipophilic environments, while 
generating superoxide and hydroxyl radicals at the lipid/water interface. Similarly, 
because of the innate variance in the half-life of each species (nanoseconds for hydroxyl 
radical and seconds for superoxide) and the consequential radius of activity (Angstrom 
and micrometer, respectively), the distance at which the affected molecule is situated will 
also determine the nature of the response. Furthermore, these photosensitizers can localize 
extracellularly or intracellularly, depending on their chemical properties, without 
influencing cell functions in the absence of light. They can also be specifically targeted to 
certain cell types or subcellular compartments and will generate ROS only upon 
illumination. Thus, photosensitizers can be employed as a means of manipulating 
localized ROS production, where fine-tuning of sensitizer concentrations and light 
intensity and duration can easily regulate the studied biological response. In the context of 
mild ROS challenge, Yehudit Posen et al refer to the photosensitizer as a photoswitch that 
can regulate reversible physiological responses without induction of cell death.  

The unique chemical nature of ROS singles them out as superb candidates for self-
limiting messengers in cell signaling, yet their exact role as generators or mediators of 
physiological stimuli remains largely unclear. This study considers the role of both mild 



and vigorous ROS challenge, in cultured cells, by employing Pd-bacteriochlorophyll-
serine (Pd-Bchl-Ser) and light as a novel photoswitch for ROS generation, whereby 
the location and concentration of the photogenerated ROS can be controlled within a 
physiologically relevant range. Herein, Yehudit Posen et al show generation of 
superoxide and hydroxyl radicals under cell-free conditions and in cultured cells. While 
cell death is the hallmark of PDT, the objective of the proposed study is to define the 
conditions under which such treatment can be used for controlled, mild ROS production, 
and to analyze the physiological responses of the viable cells to oxidative stress. Yehudit 
Posen et al results demonstrate that a given range of Pd-Bchl-Ser concentrations in 
conjunction with light, can produce low, physiologically relevant ROS concentrations 
that can trigger responses in live cells in a controlled, time-dependent manner. Such 
generation of ROS results in selective modifications of specific protein kinases and 
downstream signaling pathways that lead to cellular responses ranging from changes in 
cell morphology and motility to cell death.  

The classical interpretation of ROS as detrimental agents leading to indiscriminate 
destruction of cellular components, has been reconsidered following the observed 
consequences of mild ROS challenge inducing nonlethal biochemical and 
morphological changes in cells (Adler, V., Yin, Z., Tew, K. D. and Ronai, Z. (1999). 
Role of redox potential and reactive oxygen species in stress signaling. Oncogene 18, 
6104-6111) (Finkel, T. (2000). Redox-dependent signal transduction. FEBS Lett. 476, 52-
54) (Kamata, H., Shibukawa, Y., Oka, S. I. and Hirata, H. (2000). Epidermal growth 
factor receptor is modulated by redox through multiple mechanisms. Effects of reductants 
and H2O2. Eur. J. Biochem. 267, 1933-1944) (Remacle, J., Raes, M., Toussaint, O., 
Renard, P. and Rao, G. (1995). Low levels of reactive oxygen species as modulators of 
cell function. Mutat. Res. 316, 103-122) (Suzuki, Y. J., Forman, H. J. and Sevanian, A. 
(1997). Oxidants as stimulators of signal transduction. Free Radic. Biol. Med. 22, 269-
285).  

This study shows that photosensitization of Pd-Bchl-Ser-treated cells can differentially 
generate superoxide and hydroxyl radicals, depending on the sensitizer's 
microenvironment. Furthermore, ROS levels increased with increasing sensitizer 
concentrations in a light- and time-dependent manner, as shown with two independent 

methods using HE and DCF as reporters. Moreover, this study demonstrates a tight 
causal relationship between ROS production and ensuing cellular responses. They 

illustrate that this system can be utilized as a manipulable photoswitch, allowing for 
simple and tightly controlled exposure of cells to varying doses of ROS. Using this 
photoswitch, we provide new insights that correlate dose-dependent photogeneration of 
ROS with differential catalytic responses of several protein kinases and changes in their 
intracellular distribution, and also alterations in cell motility, morphology and viability. 
Thus, when also considering the positive correlation between ROS generation and 
increasing light doses, this photoswitch provides a dynamic means of determining the 
precise threshold of each catalytic response. 

To date, typical protocols for exposure of cells to ROS utilize diffusible ROS (H2O2), 
ROS-generating drugs (anthracyclines) or ROS-generating enzymes (xanthine/xanthine 



oxidase) that are reactive immediately upon administration and their de novo ROS 
generation cannot be accurately initiated or easily terminated. The approach described 

here utilizes two inert components, a photosensitizer at various concentrations, which 
requires pre-accumulation, and matched, nonhazardous light, at varying energy doses 
delivered for precisely controlled times (fractions of a second) and at predetermined 

locations. Manipulation of both sensitizer concentrations and light doses allow for precise 
control of final ROS levels and achievable challenge intensities. Although the 
subcellular distribution of Pd-Bchl-Ser is not presently known, sensitizer targeting to 
distinct cellular regions can be obtained and laser light may be delivered to discrete 
cellular compartments. This study demonstrates that escalation of ROS doses enables 
identification of cellular responses ranging from quasi-physiological to lethal.  

The results suggest that in addition to superoxide, oxidation of HE to mHE can be 
achieved by hydroxyl radicals, as shown in the case of the Fenton reaction, indicating 
broader applications for this method of ROS detection. The possibility of singlet oxygen 
detection under these conditions was also examined but has thus far not provided 
conclusive results.  

Overexpression of cellular antioxidants can disrupt the steady-state equilibrium of active 

oxygen species within the cell, leading to increased oxidative damage, as exemplified in 
the case of SOD overexpression which led to increased cellular H2O2 production and 
extensive lipid peroxidation (Elroy-Stein, O. and Groner, Y. (1988). Impaired 
neurostransmitter uptake in PC12 cells overexpressing human Cu/Zn-superoxide 
dismutase – implication for gene dosage effect in Down syndrome. Cell 52, 259-267). 
Furthermore, it must be stressed that the sites of cellular ROS production in relation to the 
distribution of the scavenger/antioxidant, even if both are within the same compartment, 
may not always lead to their interaction because of the extremely short half-life, and thus, 
short radius of operation of ROS. Therefore, external intervention in the delicate but very 
tightly controlled and remarkably unforgiving equilibrium of intracellular ROS is a rather 
complex matter and has still not been resolved in this field of study. 

Positive correlation between escalations in ROS levels and the phosphorylation/activity 
states and subcellular distribution of specific protein kinases was clearly demonstrated, 
specifically regarding the two renowned stress-related p38 and JNK MAPKs. 

Earlier reports linked activation of these enzymes to regulation of PDT-induced cell 
death. However, Yehudit Posen et al. results do not agree with this interpretation, as a 
similar pattern of activation of the same enzymes is also obtained following mild ROS 
challenge. Furthermore, the cells are already committed to death at termination of the 
illumination period, and subsequent changes in enzyme activity can not reflect mediatory 
roles in the death process, but rather random cellular collapse that is morphologically 

visible over time. However, under mild conditions, such ROS-induced changes 
appear to be reversible and therefore of potential physiological relevance. A 
suggested physiological consequence of chronic stimulation of epithelial cells with mild 
ROS doses has been recently reported to lead to heightened motility/invasiveness and 
eventual malignant cellular transformation (Mori, K., Shibanuma, M. and Nose, K. 



(2004). Invasive potential induced under long-term oxidative stress in mammary 
epithelial cells. Cancer Res. 64, 7464-7472).  

Moreover, Yehudit Posen et al.  results clearly show that the biochemical, morphological 
and motility changes induced in cells by mild ROS challenge involve the majority of the 
cell population and not merely a fraction of hypersensitive cells. 

Cell cycle arrest induced by moderate levels of ROS and induction of cell 
proliferation at lower doses have been described (Kim, B. Y., Han, M. J. and Chung, 
A. S. (2001). Effects of reactive oxygen species on proliferation of Chinese hamster lung 
fibroblast (V79) cells. Free Radic. Biol. Med. 30, 686-698) (Barnouin, K., Dubuisson, M. 
L., Child, E. S., Fernandez de Mattos, S., Glassford, J., Medema, R. H., Mann, D. J. and 
Lam, E. W. (2002). H2O2 induces a transient multi-phase cell cycle arrest in mouse 
fibroblasts through modulating cyclin D and p21Cip1 expression. J. Biol. Chem. 277, 
13761-13770). 

It has been shown that protein tyrosine phosphatase is inactivated by H2O2 (Kamata, 
H., Shibukawa, Y., Oka, S. I. and Hirata, H. (2000). Epidermal growth factor receptor is 
modulated by redox through multiple mechanisms. Effects of reductants and H2O2. Eur. 
J. Biochem. 267, 1933-1944) and in this manner involved in the regulation of the EGF 
receptor.  

Other studies suggest that ROS act as second messengers regulating protein kinases, 
partly via inactivation of protein phosphatases and may even regularly act to keep certain 

brain phosphatases inactive.  

Alternatively, response of enzymes to changing redox states must also be considered. 
Molecules containing high thiol-disulfide oxidation potentials are most likely redox-
sensitive and undergo conformational changes or form inter- or intramolecular disulfide 
bonds under oxidative conditions, transducing the cellular response to the altered redox 
conditions. Such redox-responsive proteins, including thioredoxin and glutathione S-
transferase, have been characterized as regulators of p38 and JNK (Adler, V., Yin, Z., 
Fuchs, S. Y., Benezra, M., Rosario, L., Tew, K. D., Pincus, M. R., Sardana, M., 
Henderson, C. J., Wolf, C. R. et al. (1999a). Regulation of JNK signaling by GSTp. 
EMBO J. 18, 1321-1334) under stress-induced conditions. 

The results of this study provide further experimental endorsement to the notion that ROS 
play a key role in initiation/mediation of a wide range of cellular responses via their 
effect on key enzymes of critical signaling pathways. 

H2O2 has been shown to act as a signaling molecule involved in many cellular 
functions such as apoptosis and proliferation. Short-term stimulation with H2O2 
activates the signaling pathways of cell mitogenic effects which are thought to be a 

protective response against intestinal oxidative stress (Hydrogen Peroxide-Induced 
Extracellular Signal-Regulated Kinase Activation in Cultured Feline Ileal Smooth Muscle 



Cells. Hyun Ju Song et al. Journal of Pharmacology And Experimental Therapeutics 
(JPET) 312:391-398, 2005). 

9.0.8  Blue jean dye (phthalocyanine) kills cancer cells via singlet oxygen 

The dye in your blue jeans could be used to kill cancer cells. UK researchers are 
employing tiny gold "nanoparticles", 1/5000th the thickness of a human hair, to deliver 
the chemical compound directly into cancer cells, tearing them apart instantly.  

The common dye found in blue jeans and ballpoint pens is called phthalocyanine and 
is a light-activated, or photosensitive, agent with cell-destroying properties. This has been 
known for at least 15 years but, until now, scientists have not been able to successfully 
deliver it into cells; hence there's no harm in wearing blue jeans. The University of East 
Anglia (UEA) team used the gold particles as "trojan horses". Their small size enables 
them to easily enter cells, and the phthalocyanine is taken up along with them.  

When pulsed with laser light, the compound produces a highly reactive form of oxygen 
(singlet oxygen) which causes the cancer cells to commit suicide (apoptosis). UEA's Dr 
David Russell explained: "Because this compound does not dissolve in water, it is 
difficult to get it into cells. But this 'fat soluble' property is precisely what makes it a 
great potential therapy.  

"We have shown using nanotechnology that we can get phthalocyanine into the cancer 
cells where it binds and, on activation, causes substantial cell death," he told the British 
Association's Science Festival.  

Healthy cells will also internalise the drug-coated nanoparticles, but unlike cancer cells 
they will excrete the phthalocyanine. "Cancer cells are too greedy for their own good," 
said Dr Russell. "They are growing so fast that they take in and retain everything - not 
just nutrients needed for growth."  The use of so called photodynamic therapy is not new; 
the first of the four compounds that are currently in clinical use was approved in 1995.  

Of these all are water soluble and are used largely to treat skin cancer as they naturally 
accumulate in the surface of the skin where they are more easily activated by light. For 
some reason, phthalocyanine does not get into the skin - making it more suitable for 
treating solid tumours within the body. "Best of all," added Dr Russell, "this compound is 
optimised for activation by red light and produces far more of the deadly oxygen than the 
currently available photodynamic therapies. "In addition, because it doesn't go into the 
skin there is no need for the patient to stay out of the sun which can trigger side-effects 
with the other drugs."  

Traditional cancer chemotherapies rely on the patient being able to process the drug. In 
some people, their genetic differences mean this does not happen and for others, their 
cells become resistant to the effects of the drug. Photodynamic therapy (PDT) bypasses 
this issue because it does not rely on the body to activate the drug - rather a pulse of red 
light.  



Dr Mark Wainwright, a senior lecturer in medicinal chemistry at the Liverpool John 
Moores University says that an improved drug design such as this should have significant 
advantages over the currently available photosensitive agents. He adds: "Red light can 
only travel through 5-6mm tissue, but activating the nanoparticles in tumors inside the 
body, such as in the gut, could be done by using a fibre optic cable to shine the laser on 
the cancer target."  

Dr Russell's research, recently published in Photochemical and Photobiological Sciences, 
has only been conducted on human cervical cells in the laboratory. But his team's 
collaborators in Italy have just begun testing the approach in animal models of cancer. If 
all goes to plan, phthalocyanine nanoparticles could be available for human trials 
within five years and will be administered either by injection into the bloodstream or 
directly into a tumour. (Story By Branwen Morgan from BBC NEWS:  
http://news.bbc.co.uk/go/pr/fr/-/2/hi/science/nature/5323704.stm). 

I believe that this work with PDT validates my singlet oxygen generating system 
utilizing hydrogen peroxide and hypochlorite. 

9.0.9  Hyperbaric oxygen increases apoptosis via H2O2 

Hyperbaric oxygen (HBO) is 100% oxygen administered at elevated atmospheric 
pressure. In this study, we examined the effect of HBO on hematopoietic cell apoptosis. 
Cells exposed to HBO were incubated in a chamber containing 97.9% O2and 2.1% CO2at 
2.4 atmospheres absolute (ATA). HBO enhanced spontaneous HL-60 cell apoptosis in a 
time-dependent manner; a 12 h exposure increased apoptosis by 42%. Exposing these 
cells to hyperoxia at standard atmospheric pressure (95% O2, 5% CO2 at 1 ATA) or 
increased pressure alone (8.75% O2, 2.1% CO2 at 2.4 ATA) had minimal effect on 
apoptosis. HBO also enhanced stimulus-induced apoptosis. HL-60 cells stimulated to die 
using gamma radiation underwent 33% more apoptosis than cells exposed to radiation 
alone. HBO enhanced melphalan, camptothecin, and chlorambucil-induced apoptosis by 
22%, 13%, and 8%, respectively. Jurkat cells stimulated to die with anti-Fas antibody 
underwent 44% more apoptosis when exposed to HBO. Spontaneous apoptosis was 
increased by 15% in HBO-exposed murine thymocytes. HBO's effect on apoptosis did 
not require new protein synthesis. As expected, HBO exposure increased the intracellular 
concentration of H2O2. Incubating HL-60 cells in the presence of dehydroascorbic acid 
partially abrogated HBO-induced increases in intracellular H2O2 and apoptosis. In 
summary, HBO enhances spontaneous and stimulus-induced apoptosis in 
hematopoietic cells, at least in part, by enhancing the intracellular accumulation of 
H2O2 (Hyperbaric oxygen enhances apoptosis in hematopoietic cells. Ganguly BJ, 
Tonomura N, Benson RM, Osborne BA, Granowitz EV. Apoptosis. 2002 Dec;7(6):499- 
 

9.1.0  Arsenic trioxide (As2O3) induces leukemia apoptosis via H2O2 

Low concentrations of As2O3 (apoptosis in APL-derived NB4 cells, whereas other 
leukemic cells are resistant to As2O3 or undergo apoptosis only in response to greater than 
2 micromol/L As2O3. In this report, Y Jing et al show that the ability of As2O3 to induce 

http://news.bbc.co.uk/go/pr/fr/-/2/hi/science/nature/5323704.stm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tonomura+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Benson+RM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Osborne+BA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Granowitz+EV%22%5BAuthor%5D


apoptosis in leukemic cells is dependent on the activity of the enzymes that regulate 
cellular H2O2 content. Thus, NB4 cells have relatively low levels of glutathione 
peroxidase (GPx) and catalase and have a constitutively higher H2O2 content than U937 
monocytic leukemia cells. Glutathione-S-transferase pi (GSTpi), which is important for 
cellular efflux of As2O3, is also low in NB4 cells. Moreover, As2O3 further inhibits GPX 
activity and increases cellular H2O2 content in NB4 but not in U937 cells. Selenite 
pretreatment of NB4 cells increases the activity of GPX, lowers cellular H2O2 levels, and 
renders NB4 cells resistant to 1 micromol/L As2O3. In contrast, concentrations of As2O3 
that alone are not capable of inducing apoptosis in NB4 cells induce apoptosis in the 
presence of the GPx inhibitor mercaptosuccinic acid. Similar effects are observed by 
modulating the activity of catalase with its inhibitor, aminotriazol. More important from a 
therapeutic point of view, U937 and HL-60 cells, which require high concentrations of 
As2O3 to undergo apoptosis, become sensitive to low, clinically acceptable concentrations 
of As2O3 when cotreated with these GPx and catalase inhibitors. The induction of 
apoptosis by As2O3  involves an early decrease in cellular mitochondrial membrane 
potential and increase in H2O2 content, followed by cytochrome c release, caspase 3 
activation, DNA fragmentation, and the classic morphologic changes of apoptosis 
(Arsenic trioxide selectively induces acute promyelocytic leukemia cell apoptosis via a 
hydrogen peroxide-dependent pathway. Y Jing, J Dai, RM Chalmers-Redman, WG 
Tatton, S Waxman. Blood (1999) 94: 2102-11). I believe that this confirms the key role 
of EMODs, especially H2O2, in tumoricidal activity.   

9.1.1  Arsenical compounds (As2O3) kill other cancers with EMODs 
 
Arsenic compounds, especially arsenic trioxide (As2O3), occasionally used in traditional 
Chinese medicine, have been recently found to induce complete remission 
in patients suffering from acute promyelocytic leukemia (APL), a 
subtype of AML (Soignet SL, Maslak P, Wang ZG, Jhanwar S, Calleja E, Dardashti 
LJ, Corso D, De Blasio A, Gabrilove J, Scheinberg DA, Pandolfi PP and Warrell RP: 
Complete remission after treatment of acute promyelocytic leukemia with arsenic 
trioxide. N Engl J Med 339: 1341-1348, 1998).  
 
Interestingly, arsenic compounds remain active in forms of APL resistant to other 
cytotoxic agents and may also be effective in other subtypes of AML, in 
hematological malignancies distinct from AML such as multiple myeloma and 
lymphomas and in some solid tumors (Huang XJ, Wiernik PH, Klein RS and Gallagher 
RE: Arsenic trioxide induces apoptosis of myeloid leukemia cells by activation of 
caspases. Med Oncol 16: 58-64, 1999) (Shen ZY, Tan LJ, Cai WJ, Shen J, Chen C, Tang 
XM and Zheng MH: Arsenic trioxide induces apoptosis of esophageal carcinoma in 
vitro. Int J Mol Med 4: 33-37, 1999) (Murgo AJ: Clinical trials of arsenic trioxide in 
hematologic and solid tumors: overview of the national cancer institute cooperative 
research and development studies. Oncologist 6: 22-28, 2001).  
 
The clinical use of arsenic may however be limited by its established toxicity, including 
its known carcinogenic effects (Huang SY, Chang CS, Tang JL, Tien HF, Kuo TL, 
Huang SF, Yao YT, Chou WC, Chung CY, Wang CH, Shen MC and Chen YC: Acute 

http://www.caspases.org/
http://www.caspases.org/
http://www.caspases.org/
http://www.caspases.org/showcitationlist.php?surname=Jing&initials=Y
http://www.caspases.org/showcitationlist.php?surname=Dai&initials=J
http://www.caspases.org/showcitationlist.php?surname=Chalmers-Redman&initials=RM
http://www.caspases.org/showcitationlist.php?surname=Tatton&initials=WG
http://www.caspases.org/showcitationlist.php?surname=Tatton&initials=WG
http://www.caspases.org/showcitationlist.php?surname=Waxman&initials=S


and chronic arsenic poisoning associated with treatment of acute promyelocytic 
leukaemia. Br J Haematol 103: 1092-1095, 1998) (Westervelt P, Brown RA, Adkins DR, 
Khoury H, Curtin P, Hurd D, Luger SM, Ma MK, Ley TJ and Di Persio JF: Sudden 
death among patients with acute promyelocytic leukemia treated with arsenic trioxide. 
Blood 98: 266-271, 2001). 
 
As2O3 has further been demonstrated to trigger apoptosis characterised by nuclear 
condensation and internucleosomal DNA fragmentation, early mitochondrial 
transmembrane potential (∆ ψm) collapse and reactive oxygen species (ROS) production 
(Wang TS, Kuo CF, Jan KY and Huang H: Arsenite induces apoptosis in Chinese 
hamster ovary cells by generation of reactive oxygen species. J Cell Physiol 169: 256-
268, 1996) (Dai J, Weinberg RS, Waxman S and Jing Y: Malignant cells can be 
sensitized to undergo growth inhibition and apoptosis by arsenic trioxide through 
modulation of the glutathione redox system. Blood 93: 268-277, 1999). 

9.1.2 Antioxidants block the apoptotic effect of EMODs in multiple myeloma 
  
Multiple myeloma (MM) is a clonal B-cell malignancy characterized by slow-growing 
plasma cells in the bone marrow (BM). Patients with MM typically respond to initial 
chemotherapies; however, essentially all progress to a chemoresistant state. Factors that 
contribute to the chemorefractory phenotype include modulation of free radical 
scavenging, increased expression of drug efflux pumps, and changes in gene expression 
that allow escape from apoptotic signaling. Recent data indicate that arsenic trioxide 
As2O3 induces remission of refractory acute promyelocytic leukemia and apoptosis of cell 
lines overexpressing Bcl-2 family members; therefore, it was hypothesized that 
chemorefractory MM cells would be sensitive to As2O3. As2O3 induced apoptosis in 4 
human MM cell lines: 8226/S, 8226/Dox40, U266, and U266/Bcl-x(L). The addition of 
interleukin-6 had no effect on cell death. Glutathione (GSH) has been implicated as an 
inhibitor of As2O3-induced cell death either through conjugating As2O3 or by 
sequestering reactive oxygen induced by As2O3. Consistent with this possibility, 
increasing GSH levels with N-acetylcysteine attenuated As2O3 
cytotoxicity. Decreases in GSH have been associated with ascorbic acid (AA) 
metabolism. Clinically relevant doses of AA decreased GSH levels and potentiated 
As2O3-mediated cell death of all 4 MM cell lines. I believe this is due to the 
prooxidant character of AA. Similar results were obtained in freshly isolated human 
MM cells. In contrast, normal BM cells displayed little sensitivity to As2O3 alone or in 
combination with AA. Together, these data suggest that As2O3 and AA may be effective 
antineoplastic agents in refractory MM and that AA might be a useful adjuvant in GSH-
sensitive therapies (Ascorbic acid enhances arsenic trioxide-induced cytotoxicity in 
multiple myeloma cells. JM Grad, NJ Bahlis, I Reis, MM Oshiro, WS Dalton, LH Boise. 
Blood (2001) 98: 805-13). I believe that this indicates that antioxidants are counter 
productive in the treatment of neoplasia and may increase the rate of proliferation 
of tumors by blocking the apoptotic effect of EMODs.  
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9.1.3   H2O2 concentration determines its effect on cell proliferation 
  
The induction of apoptosis in Jurkat T-lymphocytes with 50 microM hydrogen peroxide 
was associated with caspase activation. Caspase activity was first detected 3 h after 
treatment, and the morphological features of apoptosis were apparent by 6 h. At higher 
concentrations of hydrogen peroxide there was no detectable caspase activity, and the 
cells died by necrosis. Cells treated with hydrogen peroxide were impaired in their ability 
to undergo Fas-mediated apoptosis. This appeared to be the result of direct inhibition of 
the cysteine-dependent caspases. The cells were able to recover and undergo apoptosis at 
later times. Therefore, hydrogen peroxide has two distinct effects. It initially 
inhibits the caspases and delays apoptosis. Then, depending on the degree of the 
initial oxidative stress, the caspases are activated and the cells die by apoptosis, or 
they remain inactive and necrosis occurs (Dual regulation of caspase activity by 
hydrogen peroxide: implications for apoptosis. MB Hampton, S Orrenius. FEBS Lett 
(1997) 414: 552-6). I believe that this is consistent with the work of Davies, who 
showed that cellular responses were concentration dependent.  Low levels allowed 
for cellular proliferation, intermediate concentrations caused cellular arrest and 
high levels caused apoptosis or necrosis. 

9.1.4  HBO reduces cytokines in perianal Crohn’s Disease 

Treatment of perianal inflammatory lesions in Crohn's disease (CD) is unsatisfactory and 
novel treatment modalities are pursued. Weisz has recently reported a good clinical effect 
of hyperbaric oxygen (HBO) treatment in perianal CD. In the present study, seven 
patients with perianal CD were subjected to daily sessions of HBO in a multiplace 
hyperbaric chamber. Each patient received a total of 20 sessions during a time period of 1 
month, and IL-1, IL-6, and TNF-  measurements were done several times during the 
initial sessions and after completing therapy. Pretreatment cytokine levels were elevated 
in patients compared to age-matched 10 normal controls. During the first 7 days of 
treatment, IL-1, IL-6, and TNF-  levels in supernatants of LPS-stimulated monocytes 
derived from patients' peripheral blood were decreased compared to pretreatment levels. 
Parallel measurements of serum IL-1 levels revealed an initial elevation and thereafter 
decreased levels, which remained low throughout the first week of HBO treatment. After 
completion of therapy, cytokine levels increased to pretreatment values. They concluded 
that alterations in secretion of IL-1, IL-6, and TNF-  may be related to the good 
clinical effect of HBO treatment in CD patients with perianal disease (Modification 
of in Vivo and in Vitro TNF-α, IL-1, and IL-6 Secretion by Circulating Monocytes 
During Hyperbaric Oxygen Treatment in Patients with Perianal Crohn's Disease. Weisz, 
G. et al. J. Clin. Immun. Vol. 17. No. 2. March, 1997, pp. 154-159). 

9.1.5  HBO causes cytokine down-regulation and growth factor up-regulation. 

There is growing interest in expanding the clinical applications for HBO2 (hyperbaric 
oxygen therapy) into new medical and surgical fields. The pathophysiology of response 
towards wounds, infection, trauma, or surgery involves various chemical mediators that 
include cytokines, prostaglandins (PGs), and nitric oxide (NO). The beneficial role 

http://www.caspases.org/
http://www.caspases.org/showcitationlist.php?surname=Hampton&initials=MB
http://www.caspases.org/showcitationlist.php?surname=Orrenius&initials=S


played by HBO2 in wound healing, carbon monoxide poisoning, decompression sickness, 
and other indications is well documented. However, the exact mechanism of action is still 
poorly understood. The results of this review indicate that HBO2 has important effects on 
the biology of cytokines and other mediators of inflammation. HBO2 causes cytokine 
down-regulation and growth factor up-regulation. HBO2 transiently suppresses stimulus-
induced proinflammatory cytokine production and affects the liberation of TNFa (tumor 
necrosis factor alpha) and endothelins. VEGF (vascular endothelial growth factor) levels 
are significantly increased with HBO2, whereas the value of PGE2 and COX-2 mRNA 
are markedly reduced. The effect of HBO2 on NO production is not well established and 
more studies are required. In conclusion, cytokines, PGs, and NO may play a major 
role in the mechanism of action of HBO2. It could be proposed that chronic wounds 
persist due to an uncontrolled pathological inflammatory response in the wound bed and 
that HBO2 enhances wound healing by damping pathological inflammation (anti-
inflammatory effects); this hypothetical proposal remains to be substantiated with 
experimental results (Effects of hyperbaric oxygen on inflammatory response to 
wound and trauma: Possible mechanism of action. Al-Waili, Noori S.; Butler, Glenn 
J. TheScientificWorldJOURNAL. 2006. Vol. 6. pp. 425-441). 

9.1.6  NAC increased fibroblast doubling time with HBO 
 
Investigators examined the combined effect of hyperbaric oxygen and N-acetylcysteine, a 
well-studied antioxidant, on fibroblast proliferation and production of 3 specific growth 

factors: basic fibroblast growth factor, vascular endothelial growth factor, and 
transforming growth factor 1. Population doubling time decreased significantly with 40 
µmol/L of N-acetylcysteine supplementation of  2-atm hyperbaric oxygen treatment. 
Higher levels of N-acetylcysteine increased population doubling time. Supplementation 
of hyperbaric oxygen therapy with 40 µmol/L of N-acetylcysteine appears to increase 

fibroblast proliferation without producing an unfavorable growth factor profile for normal 
healing. This suggests that this level of N-acetylcysteine may foster an ideal redox 
environment for fibroblast proliferation in a hyperbaric oxygen environment (Combined 
Effect of Hyberbaric Oxygen and N-Acetylcysteine on Fibroblast Proliferation. Shaun S. 
Kunnavatana, BA; Susan Y. Quan, BS; R. James Koch, MD. Arch Otolaryngol Head 
Neck Surg. 2005;131:809-814). I believe that this could have important consideration 
in growth of neoplastic cells and may be contraindicated. 
 
9.1.7  HBO Treatments Mobilize Stem Cells 
 
A typical course of hyperbaric oxygen treatments increases by eight-fold the number of 
stem cells circulating in a patient's body. Stem cells, also called progenitor cells are 
crucial to injury repair. The study currently appeared on-line in the April 2006 edition of 
the American Journal of Physiology-Heart and Circulation Physiology.  Where as drugs 
are associated with a host of side effects, hyperbaric oxygen treatments carry a 
significantly lower risk of such effects. "We found that hyperbaric oxygen mobilizes 
stem/progenitor cells because it increases synthesis of a molecule called nitric oxide in 
the bone marrow. This synthesis is thought to trigger enzymes that mediate 
stem/progenitor cell release." "This is the safest way clinically to increase stem cell 



circulation, far safer than any of the pharmaceutical options," said Stephen Thom, MD, 
Ph.D., Professor of Emergency Medicine at the University of Pennsylvania School of 
Medicine and lead author of the study. 
 
9.1.8   O2 and immunity 
 
The immune system, wound healing and vascular tone are all affected by oxygen supply.  
Oxygen alone has little direct antimicrobial effect, even for most 
anaerobes (Tally, F. Stewart, P. Sutter, V. Rosenblatt, J. Oxygen tolerance of fresh 
clinical anaerobic bacteria. J Clin Microbiol. 1975;1:161-164). 
 
It is a crucial factor in immune finction.  Neutrophils require molecular oxygen as a 
substrate for microbial killing.  The oxidative burst seen in neutrophils involves a 10-
15 fold increase in oxygen consumption (Badwey, J. Karnovsky, M. Active oxygen 
species and the functions of phagocytic leucocytes. Ann. Rev Biochem. 1980;49:695-
726).  
 
Here oxygen serves as a subsgtrate in the formation of EMODs, which directly or 
indirectly initiate phagocytic killing (Forman, H. Thomas, J. Oxidant production and 
bactericidal activity of phagocytes. Ann Rev Physiol. 1986;48:669-680). 
 
This endogenous antimicrobial system virtually ceases functioning under conditions of 
hypoxia.  A tissue pO2 of at least 30 mmHg of O2 is considered necessary for normal 
oxidative function to occur  (Hohn, D, MacKay, R. Halliday, B, Hint, T. the effect of O2 
tension on the microbicidal function of leucocytes in wounds and in vitro.  Surg Forum. 
1976;27:18-20).   
 
O2 partial pressures below this are often seen in damaged and infected tissues.  
Increasing the O2 level in this tissue can allow restoration of WBC function and 
return of adequate antimicrobial action. (Knighton, D. Halliday, B. Hunt, T. Oxygen 
as an antibiotic:  the effect of inspired oxygen on infection.  Arch Surg. 1084;119:199-
204).   
 
9.1.9   O2 and HBO 

Most oxygen carried in the blood is bound to hemoglobin, which is 97% saturated at 
atmospheric pressure. Some oxygen is however carried in solution, and this portion is 
increased at pressure due to Henry's Law, maximizing tissue oxygenation. When 
breathing normobaric air, arterial oxygen tension is approximately 100 mmHg, and 
tissue oxygen tension approximately 55 mmHg.  

However, 100% oxygen at 3 ATA can increase arterial oxygen tensions to 2000 mmHg, 
and tissue oxygen tensions to around 500 mmHg, allowing delivery of 60 ml oxygen per 
liter of blood (compared to 3 ml/l at atmospheric pressure), which is sufficient to support 

resting tissues without a contribution from hemoglobin. As the oxygen is in solution, it 
can reach physically obstructed areas where red blood cells cannot pass, and can also 



enable tissue oxygenation even with impaired hemoglobin oxygen carriage, such as in 
carbon monoxide poisoning and severe anaemia.  

HBO increases generation of oxygen free radicals, which oxidize proteins and membrane 
lipids, damage DNA and inhibit bacterial metabolic functions. HBO is particularly 
effective against anaerobes, and facilitates the oxygen-dependent peroxidase system by 
which leukocytes kill bacteria (Knighton DR, Halliday B, Hunt TK. Oxygen as an 
antibiotic: the effect of inspired oxygen on infection. Arch Surg 1984; 119:199–204). 

HBO improves wound healing by amplifying oxygen gradients along the periphery of 
ischemic wounds, and promoting oxygen-dependent collagen matrix formation needed 
for angiogenesis (Hunt TK. The physiology of wound healing. Ann Emerg Med 1988; 
17:1265–73).  

During reperfusion, leukocytes adhere to ischemic tissues, releasing proteases and free 
radicals, which leads to pathological vasoconstriction and tissue destruction. This 
worsens crush injuries and compartment syndromes, and causes failure of skin flaps, 
grafts and reattachment procedures. This free radical damage has been implicated in 
neuronal injury following ischemia and exposure to drugs and poisons. Zamboni 
demonstrated reduced leukocyte adherence and post-ischemic vasoconstriction with HBO 
in ischemic rat tissue (Zamboni WA, Roth AC, Russell RC, Graham B, Suchy H, Kucan 
JO. Morphological analysis of the microcirculation during reperfusion of ischaemic 
skeletal muscle and the effect of hyperbaric oxygen. Plastic Reconstr Surg 1993; 
91:1110–23).  

More recently Thom demonstrated reduced lipid peroxidation with HBO in rats with 
carbon monoxide poisoning (Thom SR. Antagonism of carbon monoxide-mediated brain 
lipid peroxidation by hyperbaric oxygen. Toxicol Appl Pharmacol 1990; 105:340–4).  

Hyperoxia in normal tissues due to HBO causes rapid and significant vasoconstriction, 
but this is compensated for by increased plasma oxygen carriage, and microvascular 
blood flow in ischaemic tissue is actually improved with HBO (Villanucci S, Di Marzio 
GE, Scholl M, et al. Cardiovascular changes induced by hyperbaric oxygen therapy. 
Undersea Biomed Res 1990; 17 (Suppl. 1):117).  

Such vasoconstriction does however reduce post-traumatic tissue oedema, which 
contributes to the treatment of crush injuries, compartment syndromes and burns. Finally, 
HBO limits post-ischemic reductions in ATP production, and decreases lactate 
accumulation in ischemic tissue. In summary, HBO has complex effects on immunity, 
oxygen transport and hemodynamics. The positive therapeutic effects come from a 
reduction in hypoxia and edema, enabling normal host responses to infection and 
ischemia.  

Some of the following material was abstracted, excerpted or modified from:  Repression 
of gene expression by oxidative stress. Morel, Y. and Barouki, R. Biochem. J. (1999) 342 
(481–496). 



9.2.0  Cellular redox status 

Redox chemistry involves electron exchanges between molecules that display several 
possible oxidation states according to their own oxidation potential (referred to as E0). 
This notion is conceptually close to that of pKa, which is associated with acid–base 
balance. Within the cellular context, the redox status depends on the relative amounts of 
the oxidized and reduced partners of major redox molecules, such as glutathione. This 
ratio, GSSG/GSH, reflects the redox status within the cell. It usually averages 1%, 
which means that GSH prevails over GSSG (Dalton, T., Sherzer, H. and Puga, A. (1999) 
Annu. Rev. Pharmacol. Toxicol. 39, 67–101).  

Thus, theoretically, the oxidation of a limited amount of GSH into GSSG can 
dramatically change this ratio (i.e. greatly affect the redox status within the cell). This 
status may also be assayed using fluorochrome probes (such as 2´,7´-
dichlorofluorescein), whose fluorescence changes according to their oxidation state 
(Royall, J. A. and Ischiropoulos, H. (1993) Arch. Biochem. Biophys. 302, 348–355).  

The glutathione system acts as a homoeostatic redox buffer. However, I believe that 
the EMOD generating systems regulate cellular homeostasis. This is an important 
cellular parameter, since the intracellular redox status monitors the relative amounts of 
the oxidized and reduced species of each redox system within the cell, depending on its 
oxidation potential (E0). Under oxidative conditions, the oxidized partner predominates. 
In particular, some transcription factors may be either oxidized or reduced according to 
the redox status of the cell.   

Some chemical reactions and radiations (such as UVA) may drive the dioxygen molecule 
into an excited state [1O2], called singlet oxygen (because of its null spin value). It should 
be noted that nitric oxide (NO) can also be oxidized into reactive nitric oxide species, 
which may show behavior similar to that of ROS. In particular the combination of NO 
and O2

-  can yield a strong biological oxidant, peroxynitrite. 

Basal cellular metabolism continuously produces ROS. Indeed, the usually well 
controlled enzymic systems that use electron transfer may undergo leakage. I do not 
believe that the electron transport chain is a system of uncontrolled leaks but that it 
is the result of 2.3 billion years of oxygen metabolism evolution.  In the presence of 
O2, any such electron leakage may result in ROS production. This mainly occurs within 
the mitochondria, where the respiratory chain combines oxygen and electrons. However, 
it can also happen in other cellular compartments, owing to the activities of oxidases (e.g. 
NADPH oxidase, xanthine oxidase and monoamine oxidase). For example, following 
physiological signals that transit through membrane receptors, ROS can be produced 
within the cell via the activation of an NADPH oxidase (see below). The cytochrome 
P450 (CYP) mono-oxygenases are also widespread, and may produce ROS using both O2 
and electron transport. 

ROS are produced naturally and continuously within the cell. In order to prevent 
their accumulation and possible deleterious effects, antioxidant systems act as ROS 



scavengers. Thiol-containing moieties (such as the cysteine residue found in 
glutathione) have a reducing power (i.e. a low E0). They therefore display antioxidant 
properties because they can trap ROS (i.e. supply them with electrons, therefore 
abolishing their oxidative power). The intracellular glutathione content varies 
within the range 5–10 mM, depending on cell type and cellular compartment. 
Owing to its ubiquitous prevalence, glutathione acts as an antioxidant buffer within the 
cell.  
 
Moreover, several enzymic systems detoxify ROS: catalase dismutates H2O2, and SOD 
eliminates O2

-  (but generates H2O2). Glutathione peroxidase catalyses the reduction of 
peroxides (ROOH; including H2O2) into alcohols (ROH), using the reducing potential of 
glutathione. The cysteine-rich metallothionein protein also displays antioxidant 
properties. Other enzymes, including quinone reductase and heme oxygenase, can 
prevent the formation of oxygen-derived radicals. These enzymes are induced as part of a 
concerted response to oxidative stress. Cells also protect themselves with antioxidant 
systems involving a cascade of functional redox molecules, such as thioredoxin (Trx) and 
redox factor 1, or the radical-scavenging vitamins C (cytosol) and E (membrane-bound). 
The expression of antioxidant proteins and of enzymes that regenerate them (such as 
glutathione reductase and Trx reductase) is induced at the transcriptional level. 
 
 
 
 

Life is a biochemically and electronically 
strenuous and stress-filled process. 

R. M. Howes, M.D., Ph.D. 
8/13/07 

 
 
 
 

9.2.1  Oxidative stress 

So called 'Oxidative stress' occurs when redox homoeostasis within the cell is altered. 
Speculatively, this imbalance may be due to either an overproduction of ROS or a 
deficiency in an antioxidant system. Various exogenous stresses may cause an 
oxidative wave. Energetic radiation can generate hydroxyl radicals (water radiolysis) and 
singlet oxygen. An increase in oxygen supply (hyperoxia) increases the natural formation 
of ROS. The stimulation of the immune system may lead to a massive local 
production of ROS and HClO (hypochlorous acid, the strongest physiological 
oxidant) because of the activities of an NADPH oxidase and a myeloperoxidase in the 
phagocytes (Hampton, M. B., Kettle, A. J. and Winterbourn, C. C. (1998) Blood 92, 
3007–3017).  



Moreover, the activity of acyl-CoA oxidase during peroxisomal proliferation may 
produce substantial quantities of H2O2 (Okamoto, M., Reddy, J. K. and Oyasu, R. 
(1997) Int. J. Cancer 70, 716–721). Some xenobiotics, known as uncoupled substrates, 
boost the production of ROS by CYPs.  

Quinone compounds (e.g. menadione, adriamycin, mitomycin C) are redox-cycling 
agents (Kukielka, E. and Cederbaum, A. I. (1990) Arch. Biochem. Biophys. 283, 326–
333).  

Molecules containing a metallic cation (Fe, Cu, etc.) may also promote O2
-  formation 

because they have the ability to store and easily give an electron to molecular dioxygen 
(Kagan, V. E. and Tyurina, Y. Y. (1998) Ann. N. Y. Acad. Sci. 854, 425–434). 

The deficiency of an antioxidant system will elicit spontaneous ROS accumulation within 
the cell. For example, compounds that inhibit key enzymes involved in the synthesis of 
glutathione or of ROS-scavenging enzymes cause a sustained oxidative stress, e.g. 
buthionine-S,R-sulphoximine, which inhibits γ-glutamylcysteine synthase. A decrease in 
the pool of antioxidant vitamins also leads to higher intracellular ROS levels (Hagen, T. 
M., Ingersoll, R. T., Lykkesfeldt, J., Liu, J., Wehr, C. M., Vinarsky, V., Bartholomew, J. 
C. and Ames, A. B. (1999) FASEB J. 13, 411–418). 

If the production of ROS is overwhelming, it will cause necrosis because of the 
irreversible degradation of cellular macromolecules. When ROS cause damage to vital 
processes (e.g. DNA modification), they can induce apoptosis. However, when the 
increase in ROS is transient and moderate, it is not lethal, and the ROS may be 
detoxified within a few hours; hence the concept of 'oxidative stress'. However, the 
alteration in the antioxidant defences (especially glutathione regeneration), the recurrent 
uptake of pro-oxidant xenobiotics or chronic inflammation will lead to a more stable 
imbalance of the redox status. 

9.2.2  Oxidative stress, signalling and gene regulation 

Some oxidation processes (such as cysteine oxidation) are reversible. 
They can therefore play a role in a dynamic regulatory process, as a result 
of a local or global variation in the redox conditions within the cell. Such a variation may 
cause a drastic modulation of the oxidized/reduced ratio of signalling proteins, such as 
transcription factors. Sublethal ROS production can thus interfere with signal 
transduction pathways.  

ROS, in particular H2O2, are indeed second messengers for various physiological 
stimuli, such as angiotensin, inflammatory cytokines and growth factors or 
transforming factors. In some cases, the activation of an NADPH oxidase by a ligand-
stimulated membrane receptor complex was shown to result in generation of H2O2 within 
the cell (Krieger-Brauer, H. and Kather, H. (1995) Biochem. J. 307, 543–548).  



Some stimuli have been shown to induce mitochondrial H2O2 release (Quillet-Mary, 
A., Jaffrezou, J.-P., Mansat, V., Bordier, C., Naval, J. and Laurent, G. (1997) J. Biol. 
Chem. 272, 21388–21395) (Schulze-Osthoff, K., Beyeart, R., Vandevoorde, V., 
Haegeman, G. and Fiers, W. (1993) EMBO J. 12, 3095–3104).  

H2O2 is also generated by hemoproteins that are sensors of the oxygen tension 
(Jungermann, K. and Kietzmann, T. (1997) Kidney Int. 51, 402–412) (Fandrey, J., Frede, 
S., Ehleben, W., Porwol, T., Acker, H. and Jelkmann, W. (1997) Kidney Int. 51, 492–
496).  

Moreover, ROS are also produced as a result of a wide range of cellular stresses (e.g. 
shear flow, endoplasmic reticulum overload (Hsieh, H. J., Cheng, C. C., Wu, S. T., Chiu, 
J. J., Wung, B. S. and Wang, D. L. (1998) J. Cell. Physiol. 175, 156–162) (Pahl, H. L. 
and Baeuerle, P. A. (1997) Trends Biochem. Sci. 22, 63–67). 

One mechanism through which these effectors may elicit oxidative stress is the small G-
protein Ras. Indeed, Ras is suspected to activate a cascade of kinases via ROS 
production. It was also reported that Ras can activate the activator protein 1 (AP-1) and 
nuclear factor κB (NF-κB) responses without the intervention of kinases. In addition, 
oxidative stress has been shown to activate several stress-activated protein kinases 
[extracellular-signal-regulated protein kinase, stress-activated protein kinase/c-Jun N-
terminal kinase, p38 mitogen-activated protein kinase] or phosphatases. 

 In the case of a Ste20-like protein kinase, H2O2 appeared to be an exclusive activator 
(Pombo, C. M., Bonventre, J. V., Molnar, A., Kyriakis, J. and Force, T. (1996) EMBO J. 
15, 4537–4546).  

Taken together, these observations suggest that ROS may mediate specific signalling 
pathways within the cell. Proteins may be differently sensitive to oxidation according to 
their content of critical cysteine residues, to their conformation or to the intensity of the 
oxidative stress. Hence possible signal specificity may be mediated by oxidative 
stress. 

Since these pathways lead to the modulation of gene expression, the role of oxidative 
stress as a modulator of transcription factors has been widely studied. Most studies have 
addressed the issue of transcriptional activation; in particular, activation of immediate-
early genes by oxidative stress (e.g. genes encoding c-Jun, Egr-1, Gadd153, etc.). Some 
of these gene products (such as Jun, which is part of the AP-1 transcription factor), as 
well as other transactivators (such as NF-κB), may in turn activate the transcription of 
detoxification enzymes and antioxidant proteins, such as Trx. However, even moderate 
ROS production can also specifically down-regulate the expression of various genes. 

Table 1 Genes that can undergo oxidative repression 

Endogenous gene Redox modulator/ROS generator Reference(s)
IL-2 H2O2 (extracellular) 45 



 Xanthine oxidase activity 52 
 Polyamine oxidase activity 53 

TNFα (T cells) H2O2 (extracellular) 54 

CD3 (ζ chain) H2O2 (extracellular) 56 

CD16 (ζ chain) H2O2 (macrophage-produced); 
diamide 

57 

Cyclins CLN1 and CLN2 (yeast) O2 (hyperoxia) 70,71 
Glucokinase O2 (hyperoxia); H2O2 (extracellular) 72 
PEPCK H2O2 (extracellular) 75 
Insulin Glycation process 73 
Tyrosine hydroxylase O2 (hyperoxia) 85 
Tyrosine aminotransferase; tryptophan dioxygenase Peroxidation products 79 
pS2 H2O2 (extracellular) 84 
CYP1A1 H2O2 (extracellular) 92 
 Glutathione depletion; CYP1A1 

activity 
93 

 TNFα; IL-1β 94 

Several CYPs Inflammatory cytokines 86–88 
 Growth factors 89,90 
Ferritin H2O2 (extracellular) 100 
 NO 105 
EPO H2O2 (extracellular) 108,109 
 O2 (normoxia and hyperoxia) 110 

α-Actin; troponin I; myosin (light chain); creatine kinase 
(M isoform) 

H2O2 (extracellular); glucose oxidase 
activity 

114 

Myosin creatinine phosphokinase (muscle) NO; TNFα 113 

Cytochrome c oxidase H2O2 (extracellular); catalase knock-
out 

64 

 
 

9.2.3  GENE REPRESSION BY OXIDATIVE STRESS 

9.2.4    Oxidative stress and alteration of the T cell response 

Oxidative stress can repress the activity of T cells, and thus alter the immune 
response. A decrease in the GSH pool, which elicits oxidative stress by raising the 
intracellular redox potential, causes a marked inhibition of the T cell proliferative 
response. Several laboratories have reported that oxidative stress inhibits interleukin 2 
(IL-2) transcription. This cytokine is produced primarily by helper T cells, and regulates 
the growth and function of various cells involved in cellular and humoral immunity. 
Sublethal concentrations of H2O2 elicit a decrease in IL-2 mRNA levels. Moreover, 
they repress the transcription of a reporter gene driven by the IL-2 gene promoter, 
whereas they activate the promoter of the c-jun gene. It was then shown that this 
repression is mediated by inhibition of the activity of a protein known as nuclear factor of 



activated T cells (or NFAT), through alteration of its binding to DNA. The intracellular 
generation of ROS by xanthine oxidase or polyamine oxidase has the same consequences.  

Thus, in contrast with the expression of several inflammatory cytokines (IL-1, IL-6, IL-
8), IL-2 expression is decreased by oxidative stress. ROS appear to regulate differentially 
the various cytokines involved in immune functions. In T cells, the production of tumor 
necrosis factor α (TNFα; an important inflammatory cytokine) is increased by various 
stimuli, such as phorbol esters. This stimulation is inhibited, at the transcriptional 
level, by micromolar concentrations of H2O2 (Liu, B. and Whisler, R. L. (1998) J. 
Interferon Cytokine Res. 18, 999–1007).  

However, this redox regulation of TNFα by oxidative stress depends on the cell type: in 
dendritic cells, TNFα expression is increased by H2O2 (Verhasselt, V., Goldman, M. and 
Willems, F. (1998) Eur. J. Immunol. 28, 3886–3890). 

Oxidative stress also represses the gene encoding the ζ chain of CD3 and CD16 in blood 
peripheral lymphocytes and activated killer cells (Corsi, M. M., Maes, H. H., Wasserman, 
K., Fulgenzi, A., Gaja, G. and Ferrero, M. E. (1998) Biochem. Pharmacol. 56, 657–662). 
This regulation was observed in cultured T cells treated with H2O2 or diamide (a thiol-
modifying reagent), and was prevented by raising the intracellular glutathione level. 
Moreover, T cells respond similarly when they are co-cultured with lipopolysaccharide-
activated macrophages that release H2O2 (Otsuji, M., Kimura, Y., Aoe, T., Okamoto, Y. 
and Saito, T. (1996) Proc. Natl. Acad. Sci. U.S.A. 93, 13119–13124). This down-
regulation of CD3 and CD16 may disrupt the T cell receptor complex and alter the 
immune response. 

Mild but chronic oxidative stress (which is relevant in several pathophysiological 
processes) has the same repressing effect as described above. Indeed, during aging, ROS 
production is increased. This redox imbalance modulates the expression of several genes 
involved in regulation of the immune system. On the one hand, activation of the 
transcription factor NF-κB induces the expression of several inflammatory cytokines (IL-
6, TNFα). The resulting inflammatory signal elicits further ROS production, leading 
to a positive-feedback loop. On the other hand, the redox imbalance has been shown to 
cause a decrease in IL-2 expression in the T cells of rodents and humans. In this case 
also, a decrease in the activity of nuclear factor of activated T cells is involved in 
repression of the IL-2 gene promoter. This could contribute to the alteration of the 
immune response in elderly or HIV-infected people. Patients suffering from rheumatoid 
arthritis (who have low intracellular GSH levels) display decreased IL-2 production, 
associated with hyporesponsiveness of synovial T cells to their specific stimuli. 

9.2.5  Oxidative stress and mitochondrial function 

The mitochondrion is a one of the most powerful generators of ROS within the cell. In 
this organelle, the electron-deficient dioxygen molecule O2 is brought close to electron 
suppliers. Indeed, the respiratory chain involves several successive complexes containing 
electron carriers (cytochrome c, ubiquinone, etc.) that allow the progressive and 



controlled reduction of O2 into water. A dysfunction at one step of this chain may thus 
result in massive production of ROS. Typically, the inhibition of complex III leads to 
H2O2 release (Garcia-Ruiz, C., Colell, A., Morales, A., Kaplowitz, N. and Fernandez-
Checa, J. C. (1995) Mol. Pharmacol. 48, 825–834).  

In addition, several stimuli, such as TNFα or ceramide, have been shown to induce 
mitochondrial H2O2 release. 

The mitochondrion possesses a specific genome and produces its own RNAs that are 
necessary to its function. In mammalian cells, UVB radiation has been reported to 
repress mitochondrial function by strongly inhibiting mitochondrial transcription. 
Investigators have shown that mitochondrial RNAs undergo specific degradation upon 
oxidative stress. Following treatment of hamster fibroblasts with H2O2, these authors 
observed that the 16 S rRNA, a major component of mitochondrial ribosomes, was 
specifically degraded, whereas cytosolic mRNAs were not. This resulted in a dramatic 
shut-down of mitochondrial protein biosynthesis. A similar observation was reported in 
human megakaryocytes, where endogenous H2O2 (produced as a result of homocysteine 
and Cu2+ treatment) leads to a decrease in mitochondrial RNA levels (Austin, R. C., Sood, 
S. K., Dorward, A. M., Singh, G., Shaughnessy, S. G., Pamidi, S., Outinen, P. A. and 
Weitz, J. I. (1998) J. Biol. Chem. 273, 30808–30817). 

In addition, oxidative stress caused by H2O2 treatment, catalase knock-out or aging 
contributes to mitochondrial dysfunction in Drosophila melanogaster (Schwarze, S. R., 
Weindruch, R. and Aiken, J. M. (1998) Free Radical Biol. Med. 25, 740–747). Oxidative 
stress was shown to reduce the levels of complex IV cytochrome c oxidase RNA. 

The mitochondria seem to be very sensitive to oxidative stress. I find this very hard to 
believe because of the amount of EMODs constantly produced in the mitochondrion. 
In hepatocytes from old rats, impaired mitochondrial function is associated with oxidative 
stress, and antioxidant supplementation leads to a recovery of this function (Hagen, T. 
M., Ingersoll, R. T., Lykkesfeldt, J., Liu, J., Wehr, C. M., Vinarsky, V., Bartholomew, J. 
C. and Ames, A. B. (1999) FASEB J. 13, 411–418).  

In addition, glutathione depletion (causing intracellular ROS production) in neural cells 
was also shown to cause decreased mitochondrial function (Merad-Boudia, M., Nicole, 
A., Santiard-Baron, D., Saille, C. and Ceballos-Picot, I. (1998) Biochem. Pharmacol. 56, 
645–655). 

Mitochondria have been shown to be central integrators of apoptosis (Lee, J. M. 
(1998) Oncogene 17, 1653–1662) (Susin, S. A., Zamzami, N. and Kroemer, G. (1998) 
Biochim. Biophys. Acta 1366, 151–165).  

In addition, ROS seem to be involved in apoptosis (Slater, A. F., Stefan, C., Nobel, I., 
van den Dobbelsteen, D. J. and Orrenius, S. (1995) Toxicol. Lett. 82/83, 149–153). It has 
been suggested that the global shut-down of mitochondrial function under conditions of 



oxidative stress could contribute to apoptosis because of the dramatic decrease in cellular 
energy supply. 

Conversely, decreased mitochondrial activity under conditions of moderate oxidative 
stress limits further ROS release within the cell. This limitation of endogenous ROS 
production could be part of the adaptive response to oxidative stress. 

9.2.6  Oxidative stress and growth arrest 

Oxidative stress has a strong influence on the cell cycle. In several mammalian cell types, 
Wiese et al. observed that micromolar H2O2 concentrations (that are non-apoptotic) 
induce temporary growth arrest and lengthening of the cell cycle (Wiese, A. G., 
Pacifici, R. E. and Davies, K. J. (1995) Arch. Biochem. Biophys. 318, 231–240).  

This slow-down of the cell cycle is correlated with the rapid de novo synthesis of at least 
20 proteins. Another study reported that glutathione depletion in human cells also causes 
a G2/M-phase arrest and delayed G1- and S-phases, via a p53-independent mechanism. 

In the yeast Saccharomyces cerevisiae, the mechanism of cell growth arrest under 
hyperoxia was investigated. The arrest in G1-phase was shown to be caused by inhibition 
of the Start function that prepares the yeast for S-phase. This deregulation results from 
inhibition of the transcription of two G1-autoregulated cyclins, CLN1 and CLN2. Unlike 
cyclin CLN3, which is constitutively expressed (under normoxic or hyperoxic 
conditions), CLN1 and CLN2 are inducible, and can trigger S-phase. Oxidative stress, 
which inhibits this induction, thus leads to transcriptional remodelling in eukaryotic cells. 
Another study in S. cerevisiae addressed the mechanism of G1-phase lengthening. It 
reported that oxidative stress induced transcription of the XBP1 protein, a transcription 
factor that is related to cell cycle regulatory factors. The XBP1 gene promoter contains 
several stress-regulated elements, one of which responds positively to oxidative stress. 
XBP1 acts as a transcriptional repressor of a G1 cyclin gene. Overexpression of XBP1 
results in lengthening of G1-phase and a slow-growth phenotype. 

These observation clearly demonstrate that oxidative stress can specifically repress 
genes driving the cell cycle. The lengthening of G1-phase allows time for the synthesis 
of enzymes that tend to buffer oxidative stress and can repair potential damage. This 
delay is important, since a base alteration could be converted into an irreversible mutation 
if a mismatch escaped the repair systems before replication. Hence there is a necessity 
not to activate S-phase too quickly when a cellular stress occurs. A cell cycle arrest is 
required in order to assess the amount of macromolecule alterations, and, if necessary, to 
enter the apoptotic pathway instead of carrying on the cellular division process. 

9.2.7    Novel Approach To Disease Prevention In Smoking-Related Oxidative Stress 

In the August 7, 2007, issue of PLoS One, researchers show how a poorly understood and 
previously unsuspected mechanism may be the key to understanding how life-style 
associated forms of oxidative stress, such as exposure to cigarette smoke, damage cells in 



the lungs.  
 
Toxins in cigarette smoke, they show, open unpaired hemichannels--small portholes in 
the cell surface--that can, with very little provocation, turn into major breaches in the 
cell's integrity, leading to rapid cell death.  
 
This discovery by researchers from the University of Chicago, the University of 
California at San Diego and the University of California at Los Angeles, suggests and 
possibly to put the brakes on other diseases tied to oxidative stress, including 
atherosclerosis, neurodegenerative diseases and even senescence.  
 
"Opening hemichannels allows stressful, often toxic, stimuli to flow directly into cells, 
overwhelming the delicate and carefully maintained balance within and triggering the 
signals that induce cell death," said study author Ratneshwar Lal, PhD, professor of 
medicine at the University of Chicago.  
 
"We were surprised to find out how little it took to cause such damage, only a small 
change in membrane electrical properties," he added, "and by how much damage it could 
cause."  
 
Hemichannels form a small gated pathway from the interior of a cell, through the cell 
membrane to the cell surface. They usually connect with an identical hemichannel from 
an adjoining cell to form a gap junction. By directly connecting two cells, gap junctions 
enable them to exchange the chemical signals they use to coordinate their activities and 
maintain metabolic and ionic homeostasis among connected cells in a tissue.  
 
About fifteen years ago, scientists realized that some hemichannels had no partners; they 
led directly from the cell's interior to the fluid extracellular space. In 2000, Lal and 
colleagues showed that cells used these channels to increase their volume, opening as 
necessary to take in water and calcium ions that allowed cells to reorganize their 
cytoskeleton and mechanical properties commonly related to cell growth and 
differentiation.  
 
In this study, they looked at the effects of oxidative stress on unpaired (or non-junctional) 
hemichannels found in the membrane of cells from the lungs and the heart--the primary 
targets of cigarette smoke.  
 
When they exposed these cells to low levels of an extract made from cigarette smoke, 
the non-junctional hemichannels opened. This allowed toxic molecules found in the 
smoke to flow directly into the cell, and vital metabolites such as ATP and NAD, to leak 
out, leading, ultimately, to cell injury and death.  
 
Drugs that prevented hemichannels from opening protected the cells from similar 
exposures. Treating the cells with silencing RNA for the hemichannel protein also 
protected cells by preventing the creation of these channels.  
 



"It required very little stress to open these channels," Lal said. "Substances found in 
smoke and other pollutants can alter the electrical potential of the cell's membrane. A 
small shift in the membrane's electrical potential, which we know occurs in many 
oxidative stress situations, appears to open these channels and allow unregulated flow. 
This can weaken and kill cells."  
 
Cells have multiple membrane channels that carefully control the flow of specific small 
molecules in and out of the cell, including calcium, sodium and potassium ions, each of 
which passes through a specific type of channel.  
 
Hemichannels, however, with ports nearly twice the size of an ion channel, are not as 
specific, permitting more rapid, less regulated flow of molecules up to the size of 1000 
Daltons--wide enough to allow exchange of many signaling and messenger molecules, 
such as ATP and small metabolites that are essential for normal cell sustenance.  
 
"We suspect that this mechanism could play a major role in the onset of diseases such as 
emphysema, which is associated with smoking," said Lal." Previous studies have found a 
role for hemichannel malfunction in stroke.  
 
"Improperly opened hemichannels may play a role in many other diseases tied to 
environmental stimuli," Lal said, "or even to normal aging, where oxidative stress is 
thought to contribute to the gradual accumulation of multiple small damaging hits. 
Finding and testing drugs or other mechanisms that can selectively block these unpaired 
channels offers a novel approach to disease prevention."  This paper is a study of a 
cigarette smoke isolate and thus many of the EMODs would have decomposed or 
changed form by the time the extract was tested, especially excited singlet oxygen or 
the hydroxyl ion.  Thus, this study does little to either establish oxidative stress as a 
genuine phenomenon or to implicate EMODs as being causative of any disease 
entities.  

9.2.8     Redox modulation of carbohydrate metabolism 

In the liver acinus, glucose is produced in the periportal region and degraded in the 
perivenous region. This is correlated with the periportal location of the gluconeogenic 
enzyme phosphoenolpyruvate carboxykinase (PEPCK) and the perivenous location of the 
glycolytic enzyme glucokinase. The opposing regulation of the expression of two key 
enzymes in carbohydrate metabolism is correlated with differential O2 pressures. 
Oxygen indeed plays a major role in the zonation of carbohydrate 
metabolism and associated gene expression in the liver. Hepatocytes located 
around the afferent (periportal) or efferent (perivenous) vessels are irrigated by blood 
which contains respectively high or low dioxygen concentrations. It is thus likely that 
their intracellular redox status differs. It has been reported that the induction of 
glucokinase by insulin is repressed by high (i.e. arterial) O2 pressure, whereas the 
induction of PEPCK by glucagon is repressed by low (i.e. venous) O2 pressure.  



In cultured hepatocytes, H2O2 mimics arterial O2 for the repression of glucokinase 
expression (Kietzmann, T., Roth, U., Freimann, S. and Jungermann, K. (1997) Biochem. 
J. 321, 17–20). H2O2 is thus likely to be a relevant marker of O2 pressure. It has been 
proposed that a system involving a haemoprotein able to produce H2O2 could act as a 
sensor of O2.  

H2O2 production by hepatocytes has indeed been observed as a function of O2 tension 
(Jungermann, K. and Kietzmann, T. (1997) Kidney Int. 51, 402–412). 

Oxidative stress may regulate carbohydrate metabolism through other pathways. For 
example, the production of ROS associated with the glycation process was reported 
to inhibit insulin mRNA production in pancreatic β cells (Matsuoka, T., Kajimoto, Y., 
Watada, H., Kaneto, H., Kishimoto, M., Umayahara, Y., Fujitani, Y., Kamada, T., 
Kawamori, R. and Yamasaki, Y. (1997) J. Clin. Invest. 99, 144–150).  

This down-regulation is consistent with the observation that diabetes mellitus is 
associated with pancreatic oxidative stress. Moreover, catalase gene transfer in human 
pancreatic islet cells allows unaltered insulin production under conditions of oxidative 
stress (Benhamou, P. Y., Moriscot, C., Richard, M. J., Beatrix, O., Badet, L., Pattou, F., 
Kerr-Conte, J., Chroboczek, J., Lemarchand, P. and Halimi, S. (1998) Diabetologia 41, 
1093–1100).  

Taken together, these observations show that oxidative stress can negatively modulate 
the expression of genes that control carbohydrate metabolism by repressing the 
insulin signalling pathway. The down-regulation of insulin expression by oxidative 
stress is consistent with this observation: insulin is a repressor of PEPCK and an inducer 
of the glucokinase gene. Thus oxidative-stress-based gene regulation may be integrated in 
the physiological regulation of carbohydrate metabolism. 

However, the complex mechanisms controlling the latter function are still unresolved. 
For example, H2O2 has been classically described as an insulino-mimetic 
agent. The group of Granner has reported that H2O2 could repress both the 
endogenous and the transfected PEPCK gene, by an as yet unknown mechanism that 
does not involve either p38 mitogen-activated protein kinase (a kinase typically activated 
by H2O2) or phosphoinositide 3-kinase (Sutherland, C., Tebbey, P. W. and Granner, D. K. 
(1997) Diabetes 46, 17–22). These discrepancies are still unexplained, but could be 
related to differences in the amount of H2O2 added to the cells, and thus to different levels 
of oxidative stress. 

9.2.9     Redox modulation of hormonal responses 

Several studies reported by different groups have consistently shown that oxidative stress 
can alter hormonal regulation. It was first reported that oxidation in vitro by tetrathionate 
of the glucocorticoid receptor (GR) resulted in the formation of a disulphide bridge 
within the protein. This oxidative inhibition of the GR was reversed by the thiol-reducing 
agent dithiothreitol. H2O2 was then shown to induce the formation of a disulphide bond 



between two close cysteine residues located within the GR DNA-binding domain (DBD). 
Evidence for the redox modulation of glucocorticoid function in cell cultures has also 
been obtained. In COS cells, glutathione depletion or H2O2 treatment altered the DNA 
binding of the GR [while that of another transcription factor, CAAT enhancer binding 
protein (or C/EBP), was unaffected]. This effect was prevented by the glutathione 
precursor N-acetylcysteine. Furthermore, the induction by dexamethasone (a synthetic 
glucocorticoid agonist) of reporter gene expression driven by glucocorticoid-responsive 
elements was repressed by GSH depletion. The redox modulation of the GR response is 
relevant in vivo. Indeed, rats treated with compounds derived from linoleic acid (resulting 
in endogenous hepatic oxidative stress) displayed an altered hormonal response. Under 
these conditions, the tyrosine aminotransferase and tryptophan 2,3-dioxygenase genes 
exhibited a low response to glucocorticoids. In contrast, the insulin and glucagon 
responses were not affected by moderate oxidative stress (Ashida, H., Ohue, 
K., Kanazawa, K. and Danno, G. (1997) Biosci. Biotechnol. Biochem. 61, 2089–2094). 

Investigators have extensively studied the role of redox modulation in hormonal 
regulation. Initially they showed, using transfection experiments, that antisense Trx 
mRNA expression mimicked the repressive effect of H2O2 on genes driven by 
glucocorticoid-responsive elements. The impaired cellular response to glucocorticoids 
was rescued by Trx overexpression. This suggests that cellular glucocorticoid 
responsiveness is co-ordinately modulated by the redox state. In CHO cells expressing 
the human GR, the same group showed that H2O2 treatment decreased the ligand-binding 
and transcriptional activity of this receptor. They also confirmed that the DBD was 
repressed by thiol-oxidizing reagents. This repression was prevented by a novel 
antioxidant named EPC-K1. Recently, these workers produced evidence that an 
association between Trx and the GR DBD occurs in the nucleus to restore GR function 
under conditions of oxidative stress. 

Convincing, although less extensive, evidence has shown that estrogen receptor (ER) 
function is likewise repressed by oxidative stress (Liang, X., Lu, B., Scott, G. K., Chang, 
C. H., Baldwin, M. A. and Benz, C. C. (1998) Mol. Cell. Endocrinol. 146, 151–161) 
(Hayashi, S., Hajiro-Nakanishi, K., Makino, Y., Eguchi, H., Yodoi, J. and Tanaka, H. 
(1997) Nucleic Acids Res. 25, 4035–4040).  

In human breast cancer cells, micromolar H2O2 concentrations inhibit pS2 mRNA 
production. The pS2 gene is a well known target of the ER in mammalian cells. In 
transfection experiments, ER-driven reporter genes were also repressed by oxidative 
stress. Overexpression of Trx can prevent this effect. As with the GR, transfection of 
expression plasmids for antisense Trx mRNA also decreased expression of an ER-
responsive reporter gene. Moreover, the specific DNA binding of recombinant ERs was 
inhibited by thiol-modifying agents, and this effect could be reversed by Trx addition. 
The modification of cysteine residues within the DBD of the ER was shown to induce a 
conformational change (loss of α-helix structure). Since oxidative stress does not affect 
the cellular content of ER or its ligand-binding capacity, the DBD seems to be the main 
target of ER redox regulation. 



In addition, it was reported that, in an adrenal-gland-derived cell line, intracellular H2O2 
generation (probably by a hemoprotein sensor) following hyperoxia repressed the 
expression of the tyrosine hydroxylase gene. Since this enzyme is rate limiting in the 
synthesis of catecholamines, this redox regulation could influence the secretion of these 
hormones. 

Taken together, these observations show that cellular glucocorticoid, estrogen and 
possibly catecholamine signalling is co-ordinately modulated by the redox state. In 
this respect, endogenous redox modulators such as Trx play a major role. 

9.3.0     Repression of CYP genes by oxidative stress 

The CYPs are a superfamily of ubiquitous enzymes involved in the metabolism of a wide 
range of either endogenous or exogenous (xenobiotic) compounds. These mono-
oxygenases have been studied intensively because of their important functions in drug 
and pollutant metabolism. Some isoforms are particularly inducible at the transcriptional 
level by specific compounds. In addition to these specific regulations, several CYP gene 
promoters have been shown to be regulated by physiological signals, such as 
glucocorticoids, inflammatory cytokines and growth factors. Morgan and colleagues 
showed that several inflammatory cytokines (IL-1, IL-6, IL-11), interferon inducers and 
various growth factors (epidermal growth factor, transforming growth factors α and β, 
hepatocyte growth factor) down-regulated expression of the CYP2C11 gene and other 
liver-expressed isoforms. Other groups showed that cytokines such as TNFα and IL-1β 
repressed the expression of CYPs belonging to subfamilies 1A, 3A, 2B and 2E. 
Moreover, expression of major liver CYPs (belonging to the 2E, 2C and 3A families) was 
shown to be repressed by endotoxins in the acute-phase response to lipopolysaccharide. 
This inhibition was not mediated by NO, a known mediator of the decrease in the 
catalytic activity and expression of several CYP isoforms. 

Since ROS have been shown to be second messengers of several physiological signals 
that are implicated in CYP gene regulation, the effect of oxidative stress was investigated. 
CYP1A1 is an isoform that is highly induced by planar aromatic compounds (such as 
dioxin or benzo[a]pyrene) and which is able to metabolize a wide range of substrates, in 
particular polycyclic aromatic hydrocarbons. They observed that, in hepatoma cells 
treated with dioxin, CYP1A1 expression was greatly decreased by oxidative stress (H2O2 
treatment or glutathione depletion. In addition, IL-1β and TNFα were shown to inhibit 
the expression of this CYP isoform. For TNFα, this effect was shown to be mediated by 
ROS. This ROS-mediated repression was, in turn, shown to be mediated by a nuclear 
factor I (NFI) site located in the promoter. They showed that the transcription factor NFI 
was particularly sensitive to oxidative stress. 

In the periportal region, where oxygen partial pressure (pO2) is relatively high, CYP 
mRNAs are less abundant than in the perivenous region, where pO2 is low. In addition, a 
high pO2 contributes to ROS generation, either by increasing the probability of 
uncontrolled partial reduction of oxygen or by stimulating pO2 sensors (haemoproteins) 



which can release H2O2. Indeed, intrahepatic H2O2 production was observed to be a 
function of oxygen tension. 

The repression of enzymes that release ROS could be part of a concerted stress response. 
Indeed, under conditions of oxidative stress (i.e. ROS production within the cell that 
exceeds its antioxidant capacity), it is important not only to induce ROS scavengers but 
also to repress ROS generators. Thus the cellular response to oxidative stress consists 
of opposite but complementary transcriptional regulation: the induction of 
antioxidant enzymes and the inhibition of putative ROS-releasing enzymes such as 
mono-oxygenases. 

9.3.1     Iron metabolism 

The iron-regulatory proteins IRP-1 and IRP-2 play an important role in the expression of 
genes required for iron metabolism. These proteins can bind to a specific mRNA 
sequence known as the iron-responsive element (IRE). IRP-1 contains an [Fe–S] cluster 
which is important for the regulation of its activity. At least six mRNAs are regulated by 
an IRE sequence. The binding of IRP-1 to the IRE of the transferrin receptor mRNA 
leads to stabilization of this mRNA and increased expression of this receptor. In contrast, 
when IRP-1 binds to the mRNA coding for ferritin, translation is repressed. IRP-1 
activity is up-regulated by iron deficiency and repressed when iron is in excess, in which 
case sequestration prevails upon uptake. Various modifications of the IRP proteins 
modulate their RNA binding, among which oxidoreduction plays a major role. The 
mechanism of regulation of IRP-1 by oxidative stress is still unclear. Several studies have 
reported that the oxidation of IRP-1 in a cell-free system, using xanthine oxidase as a 
generator of ROS, decreases its activity. This inhibition is prevented or reversed by the 
antioxidant enzymes SOD and catalase, as well as by β-mercaptoethanol (a disulphide 
reducing agent) or N-acetylcysteine (a glutathione precursor). Thus IRP-1 appears to be a 
direct target of ROS. Indeed, in a study of the effect of the strong biological oxidant 
peroxynitrite on IRP-1 activity, Drapier and colleagues found that Cys-447 was critical.  

The modulation of iron metabolism by the NO radical is complex. The generation of NO 
following interferon-γ/lipopolysaccharide treatment of macrophages can both slightly 
activate IRP-1 and strongly repress IRP-2. The same stimulus was reported to activate 
ferritin expression and to reduce the level of transferrin receptor mRNA. In this respect, 
NO seems to act like intracellular ROS, as described above. IRP-1 contains an [Fe–S] 
cluster that was suggested to be targeted by NO. In contrast, IRP-2 does not contain such 
a cluster, which may explain its opposite regulation by NO. 

Two physiological processes may account for the complex redox regulation of IRP 
activity. First, in order to explain the activation of IRP-1 by micromolar extracellular 
H2O2, it has been proposed that this molecule could play a role as a mitogenic signal, 
whereby the activation of a receptor and a specific signal transduction pathway may be 
involved. Therefore cellular proliferation, which requires the synthesis of additional Fe-
containing proteins, could explain the increase in iron uptake. Concerning the actual 
redox modulation of IRP within the cell, oxidants such as H2O2, O2

-  or peroxynitrite are 



inhibitors. With intracellular ROS production, the fact that iron sequestration prevails 
upon uptake appears to be a natural defence mechanism. This will limit free iron and thus 
limit the deleterious Fenton reaction (which produces the hyper-reactive hydroxyl 
radical OH ) and further spreading of the oxidative stress. To allow this sequestration, 
direct oxidation of IRP inhibits IRP–IRE binding, so that the expression of ferritin is 
increased, while that of the transferrin receptor is repressed.  

Consistent with this, hypoxia (i.e. low O2) regulates IRP activity in an opposite manner. 
Indeed, hypoxia induces the transcription factor hypoxia-inducible factor-1α (HIF-1α), 
which activates the erythropoietin (EPO) gene promoter. EPO stimulates erythroid 
proliferation and concomitant haemoglobin synthesis. EPO was shown to activate IRP-1–
IRE binding activity in order to stimulate iron uptake. ROS prevent this signalling 
pathway, because oxidative stress is a repressor of HIF-1α and of EPO synthesis. This 
physiological signalling pathway is consistent with the inhibition of IRP activity by 
oxidative stress, as mentioned above. Moreover, in fibroblasts, the inflammatory cytokine 
TNFα (which elicits ROS production within the cell; see the Introduction section) 
stimulates ferritin transcription (i.e. increases iron sequestration). The mechanism seems 
to involve a transcription factor of the NF-κB family which is activated by ROS. 
Conversely, anti-inflammatory cytokines such as IL-4 and IL-13 were reported to 
enhance iron uptake in macrophages. 

9.3.2     Total iron intake not related to risk of type 2 diabetes 

Excessive iron stores may promote insulin resistance and lead to the development of type 
2 diabetes. However, prospective data relating iron intake and blood donations 
(determinants of body iron stores) to diabetes incidence are limited. Investigators 
followed men aged 40–75 y who participated in the Health Professionals' Follow-up 
Study; were free of diabetes, cardiovascular disease, and cancer in 1986; and provided 
dietary data (n = 38 394). Of those participants, 33 541 also provided a history of blood 
donation during the past 30 y in 1992. During 12 y of follow-up, we ascertained 1168 
new cases of type 2 diabetes. After adjustment for age, body mass index, and other 
diabetes risk factors, total iron intake was not associated with the risk of type 2 diabetes. 
Intakes of total heme iron [multivariate relative risk (RR) for extreme quintiles: 1.28; 95% 
CI: 1.02, 1.61; P for trend = 0.045] and of heme iron from red meat (RR: 1.63; 1.26, 2.10; 
P for trend < 0.001) were associated with an increased risk. However, heme-iron intake 

from sources other than red meat was not associated with diabetes risk (RR: 0.99; 0.81, 
1.22). No significant associations were found between blood donation and the risk of type 
2 diabetes. Conclusions: Heme-iron intake from red meat sources is positively 

associated with the risk of type 2 diabetes. Total iron intake, heme-iron intake from 
non–red meat sources, and blood donations are not related to the risk of type 2 diabetes 
(Dietary iron intake and blood donations in relation to risk of type 2 diabetes in men: a 
prospective cohort study. Rui Jiang et al. American Journal of Clinical Nutrition, Vol. 
79, No. 1, 70-75, January 2004).  

However, iron status and iron intake was independently associated with risk of 
diabetes in Chinese women but not in men (Association Between Serum Ferritin, 



Hemoglobin, Iron Intake, and Diabetes in Adults in Jiangsu, China. Zumin Shi et al. 
Diabetes Care 29:1878-1883, 2006). 
 
Further, epidemiological studies suggest that high body iron stores are associated with 
insulin resistance and type 2 diabetes. They conducted a prospective cohort study within 
the Nurses’ Health Study. We followed 85,031 healthy women aged 34–59 years from 
1980 to 2000. This large cohort study suggests that higher heme iron intake is 
associated with a significantly increased risk of type 2 diabetes. The association 
between heme iron and the risk of diabetes was significant in both overweight and lean 
women. (Iron Intake and the Risk of Type 2 Diabetes in Women. A prospective cohort 
study. Swapnil Rajpathak et al. Diabetes Care 29:1370-1376, 2006). 
 
As is true in most studies involving EMODs, data is inconsistent and all over the 
place.  One can argue most any position and base it on limited data. 
 
Supplement users should be made aware of the amount of iron necessary to satisfy dietary 
requirements and informed of the possible influence that excess iron intake can have on 

body iron stores and health. Healthy adults who took supplements containing average 

daily amounts of iron at 3 times the recommended dietary allowance (RDA) did not 
have significantly higher iron transport or stores than did those who did not take 
supplements. In younger men, the intake of >32 mg Fe/d (>4x RDA) was associated with 

mean transport iron concentrations that were significantly higher than those in persons 
who took 0 to 24 mg Fe/d. In older men, the intake of >32 mg Fe/d (>4x RDA) was 
associated with mean iron stores that were significantly higher than those in persons 
who took 0 to 24 mg Fe/d; a similar result was observed in postmenopausal women, but 
it was of borderline statistical significance. (Iron supplement use and iron status among 
US adults: results from the third National Health and Nutrition Examination Survey. 
Heidi Michels Blanck, Mary E Cogswell, Cathleen Gillespie and Michele Reyes. 
American Journal of Clinical Nutrition, Vol. 82, No. 5, 1024-1031, November 2005). 

Epidemiologists have observed that blood donation is associated with decreased risk of 
type 2 diabetes and cardiovascular disease. Blood donation is simultaneously associated 
with increased insulin sensitivity and decreased iron stores. Stored iron seems to impact 
negatively on insulin action even in healthy people, and not just in classic pathologic 
conditions associated with iron overload (hemochromatosis and hemosiderosis). (Iron 
Stores, Blood Donation, and Insulin Sensitivity and Secretion. José Manuel Fernández-
Real, Abel López-Bermejo and Wifredo Ricart. Clinical Chemistry 51: 1201-1205, 
2005). Again, I say that the results are all over the place so be cautious of 
interpretations. 

9.3.3     Iron and free radicals 

Some of the following was abstracted, excerpted or modified from:  J.M. McCord, Iron, 
Free radicals and Oxidative Injury. J Nutr. 134: 1371S-1372S. 2004. 

http://www.clinchem.org/


Iron is usually in a chelated state and not in a free state.  Free state iron is believed to 
cause redox cycling and initiate a chain reaction of lipid peroxidation between 
upolyunsaturated fatty acyl groups in cell membranes and molecular oxygen.  This causes 
cell death. Some iron containing proteins may release free redox-active iron when a free 
radical mediated 1-electron reduction occurs (ferritin, aconitase).   

Iron is by far the most abundant transition metal in the human body because of its roles in 
oxygen binding and transport and electron transport.  It is essential in the metabolism of 
all aerobic organisms.  SOD enzymes contain 3 different transition metals, Cu, Mn and 
Fe.  Most iron in humans is in the blood and the rate at which it can resynthesize  lost 
blood cells exceeds by ~20 fold the rate at which it can absorb the necessary amount of 
dietary iron. 

Nearly all Caucasians with iron-overload disease (hemochromatosis) have a C282Y 
mutation in the HFE gene.   

Iron deficiency anemia is often associated with chronic inflammatory disease, 
cancer and infections such as HIV. I believe that this may indicate an EMOD 
deficiency, which is manifested as cancer, chronic inflammation and infections. 

Although iron is an essential element for normal cell metabolism, in excess quantities it is 
highly cytotoxic and lethal. In fact, acute iron poisoning is a leading cause of overdose 
mortality in young children. Hereditary hemochromatosis, a disorder of iron metabolism, 
is currently the most prevalent genetic disorder in the world, which results in organ 
failure and premature mortality. Results show that chronic iron loading results in highly 
significant dose-dependent increases in tissue concentrations of iron and systemic free 
radical generation. 

All transition metals, with the exception of copper contain one electron in their outermost 
shell and can be considered free radicals. Copper has a full outer shell, but loses and 
gains electrons very easily making itself a free radical (9). In addition iron has the ability 
to gain and lose electrons (i.e. (Fe2+«Fe3+) very easily. This property makes iron and 
copper two common catalysts of oxidation reactions. Iron is major component of red 
blood cells (RBC). Zinc only exists in one valence (Zn2+) and does not catalyze free 
radical formation. Zinc may actually act to stop radical formation by displacing those 
metals that do have more than one valence. 

Free radicals are naturally produced by some systems within the body and have beneficial 
effects that cannot be overlooked. The immune system is the main body system that 
utilizes free radicals. Foreign invaders or damaged tissue is marked with free radicals by 
the immune system. This allows for determination of which tissue need to be removed 
from the body . Because of this some question the need for antioxidant 
supplementation, as they believe supplementation can actually decrease the 
effectiveness of the immune system. 



Antioxidant means "against oxidation." Antioxidants work to protect lipids from 
peroxidation by radicals. Antioxidants are effective because they are willing to give up 
their own electrons to free radicals. When a free radical gains the electron from an 
antioxidant it no longer needs to attack the cell and the chain reaction of oxidation is 
broken (Dekkers, J. C., L. J. P. van Doornen, and Han C. G. Kemper. The Role of 
Antioxidant Vitamins and Enzymes in the Prevention of Exercise-Induced Muscle 
Damage. Sports Med 21: 213-238, 1996). After donating an electron an antioxidant 
becomes a free radical by definition.  

There are two lines of antioxidant defense within the cell. The first line, found in the fat-
soluble cellular membrane consists of vitamin E, beta-carotene, and coenzyme Q (10). Of 
these, vitamin E is considered the most potent chain breaking antioxidant within the 
membrane of the cell. Inside the cell water soluble antioxidant scavengers are present. 

According to Tory Hagen, PhD, oxygen can be converted into very deleterious forms 
called reactive oxygen species (ROS), which include free radicals, the same compounds 
that can be formed during a nuclear explosion.  This kind of statement is just dumb.  
These are the same compounds which are formed during normal metabolism in all 
aerobic cells. 

Lipoic acid has been reported to cause hypoglycemia if not taken with food.  

9.3.5     EPO expression 

EPO, a hormone that is mainly produced in the kidneys, stimulates erythroid 
proliferation. In this respect, it is involved in iron metabolism. EPO expression is 
repressed by ROS (mainly H2O2). It was also reported that EPO mRNA levels are 
decreased by H2O2. The full expression of EPO is allowed under conditions of low pO2 
through the activation of the gene promoter by HIF-1α. This transcription factor is 
inactivated under conditions of normal pO2 (normoxia). Its regulation will be described 
below. The ROS produced under normoxic conditions, and to a greater extent under 
hyperoxic conditions (i.e. oxidative stress), could mediate EPO gene repression. It has 
been suggested that a cytochrome-like hemoprotein could play the role of oxygen 
sensor, and release H2O2. Indeed, treatment of normoxic cells with exogenous catalase 
stimulates EPO production. 

Interestingly, the down-regulation of HIF-1α by oxidative stress could also be part of a 
negative-feedback mechanism. Indeed, it has been reported that two stimuli that induce 
the EPO gene (hypoxia and cobalt chloride) lead to mitochondrial ROS generation. These 
ROS could, in turn, repress HIF-1α (by increasing its degradation) and thus inhibit 
expression of HIF-1α-driven genes (such as the EPO gene). 

9.3.6     Muscle genes 



Oxidative stress has been suggested to be responsible for the decreased body weight, 
muscle wasting and skeletal-muscle molecular abnormalities of cachexia observed in 
TNFα-treated mice (Buck, M. and Chojkier, M. (1996) EMBO J. 15, 1753–1765).  

In cardiac muscle cells, ROS production elicited by TNFα or activation of NO synthase 
decreases the expression of myosin creatinine phosphokinase. The treatment of mice with 
antioxidants prevented these abnormalities. Another study showed that oxidative stress 
specifically repressed cardiac muscle genes (Torti, S. V., Akimoto, H., Lin, K., 
Billingham, M. E. and Torti, F. M. (1998) J. Mol. Cell. Cardiol. 30, 1173–1180). This 
makes no sense since EMODs are constantly produced in great quantities in cardiac 
cells. 

In cardiocyte cultures treated with exogenous H2O2 or with glucose/glucose oxidase 
(which generates H2O2), the mRNA levels of the muscle-specific genes cardiac α-actin, 
troponin I, myosin light chain 2 and the M isoform of creatine kinase were decreased, 
whereas those of the non-muscle genes pyruvate kinase and β-actin were unaffected. 

9.3.7     OXIDATIVE STRESS AND TRANSCRIPTION FACTORS 

9.3.8     Molecular insights 

The mechanisms controlling the induction of genes by oxidative stress have been 
intensively investigated. It has been shown that the transcription factors NF-κB and AP-
1, which are stimulated by ROS, could mediate such inductions. The antioxidant-
responsive element sequence, which can bind several proteins, plays a important role in 
gene promoters induced by oxidative stress. One of these proteins, Nrf2, has recently 
been shown to be derepressed by oxidative stress. Thus ROS were found to be able to 
interfere with gene expression at the transcriptional level.  

Proteins are susceptible to modification by oxidation, mainly on sulphur-containing 
residues (cysteines, but also methionines). The oxidation of such residues is easily 
observed in vitro, but the challenge is to establish the functional relevance of these 
alterations in vivo. Numerous studies have shown that a variation of the redox status 
within the cell can alter the function of transcription factors. This redox change can 
target transcription factors directly or can be mediated by other signals, such as 
phosphorylation/dephosphorylation or glycosylation. The redox regulation of 
transcription is now well established.  

For example, in Escherichia coli, the transcription factors SoxR and OxyR have been 
clearly shown to be activated by the oxidation of a [2Fe–2S] cluster, and are thus O2

-  and 
H2O2 sensors respectively. In the reduced state SoxR still binds to DNA, but it does not 
activate transcription. The redox potentials that control the activity of these factors have 
been determined. 

A large number of eukaryotic transcription factors are sensitive to modulation of the 
redox status within the cell. Their regulation may be positive or negative but, so far, 



owing to the historical focus on gene induction, the former situation has been most 
studied. The sensitivity of a transcription factor is variable, and depends essentially on its 
conformation and cysteine content. Most transcription factors contain strategic cysteine 
residues. Those located in the DBD may be crucial for DNA site recognition, where the 
thiol groups can interact with bases via hydrogen bonds or electronic interactions. 
Cysteine residues may be located elsewhere and make a critical contribution to the global 
conformation of the protein because of the formation of disulphide bridges or metal ion 
chelation (e.g. zinc-finger proteins). The oxidation of a cysteine may result in a functional 
alteration of the protein. The abnormal formation of a disulphide bridge can modify 
protein conformation and abolish dimerization (frequently required for transcription 
factor activation) or DNA recognition processes. An abnormal redox environment may 
also disrupt a useful disulphide bridge and lead to the formation of another one (involving 
the same cysteine residue). The cysteine residues may also undergo oxidation of their 
thiol moieties without necessarily forming a disulphide bridge. The thiol group (-SH) can 
gain oxygen atoms to yield sulphenic (-SOH), sulphinic(-SO2H) or sulphonic (-SO3H) 
moieties. In this case, the electronic and steric conformation of the cysteine residue can 
be drastically modified. This can, in turn, alter the function of a transcription factor if this 
cysteine is critical for a protein–protein or protein–DNA interaction. Below is a 
representative list of transcription factors whose function is impaired by oxidative stress. 

 

Table 2 Transcription factors that can undergo oxidative repression 

Abbreviations: SV40, simian virus 40; NLS, nuclear localization signal; PEBP2/CBF, 
polyoma virus enhancer-binding protein 2/core binding factor. 

Transcription 
factor 

ROS target Related gene redox regulation Reference(s) 

Sp1 DBD (Cys2His2 zinc 
fingers) 

SV40 (viral promoter); β-enolase; 
dihydrofolate reductase 

129–132 

NFI Several cysteines within 
the DBD 

CYP1A1 126 

 A cysteine within the 
TAD 

CYP1A1 93 

GR Cysteines within the 
DBD 

Tyrosine aminotransferase 76–78 

 Cys-481 within the NLS Tryptophan dioxygenase 49,82 
ER Cysteines within the 

DBD 
pS2 83,84 

USF Cys-229 and Cys-248 
(DBD) 

– 135 

MyoD Cys-135 – 137 

HIF-1α Cys-774 (TAD) EPO 139,141,143,144

PEBP2/CBF Cys-124 (DBD) – 159 
AP-1 (Jun) Cys-252 (DBD) – 160 
AP-1 (Fos) Cys-154 (DBD) – 160 



NF-κB (p50) Cys-61 (DBD) – 167,168 

p53 Several cysteines within 
the DBD 

– 148,149,151,152

 

9.4.0     Inhibition of transcription factor activity by oxidative stress 

The regulation of a gene is controlled by the activity of several transcription factors. 
These proteins act in co-operation with each other in a complex network involving both 
protein–DNA and protein–protein interactions. If a precise transcription factor plays a 
predominant role in the transactivation of a gene promoter, its inhibition by redox 
modification can result in a dramatic decrease in promoter activity and subsequent gene 
expression. 

9.4.1     Sp1 

The Sp1 transcription factor is ubiquitous and binds to GC-rich DNA sequences present 
in a wide range of promoters, particularly in those that do not contain a TATA box motif. 
The Sp1 protein contains three zinc-finger motifs that are crucial for DNA-binding 
activity. Sp1 DNA binding was shown to be particularly sensitive to thiol-oxidizing or -
alkylating reagents in vitro (while other factors, such as nuclear factor-Y and high-
mobility-group proteins, were unaffected). Zinc co-ordination as well as DNA binding 
appear to protect Sp1 from oxidative stress. The DNA-binding activity is impaired in 
vivo by H2O2 and thiol-modifying reagents. This alteration is reversible, since nuclear 
extracts of H2O2-treated cells can recover DNA-binding activity after treatment with 
dithiothreitol (a thiol-reducing compound). Moreover, it has been reported that low GSH 
concentrations within the cell also decreased Sp1 DNA binding, whereas the transcription 
factor CAAT enhancer binding protein (or C/EBP) remained unaffected. The 
transcriptional activity of Sp1 has also been shown to be altered in vivo by oxidative 
stress. Sp1-driven genes, such as aldolase A, pyruvate kinase M2, β-enolase and 
dihydrofolate reductase, were repressed by H2O2 treatment. Under the same conditions, 
the heme oxygenase and metallothionein genes were activated. 

One consequence of the regulation of Sp1 by oxidative stress is that viral promoters and 
enhancers that include Sp1 sites (such as simian virus 40) will be regulated. Thus one 
should be cautious when these promoters are used as transfection assay controls in 
studies of gene regulation by oxidative stress. Consistent with the results obtained in cell 
cultures with exogenous oxidants, HIV-infected cells display altered Sp1 activity. Indeed, 
the HIV Tat protein represses the SOD gene, and thus HIV-infected cells display chronic 
oxidative stress. Furthermore, a chronic shift in the intracellular redox status to more 
oxidant conditions was observed in aged rats. This was also associated with decreased 
Sp1 DNA-binding activity. Taken together, these observations suggest that the Sp1 
transcription factor is a sensitive target of oxidative stress in vivo. Since Sp1 is a 
ubiquitous transcription factor, it appears to be a major mediator of gene 
repression by redox modulation within the cell. 

Transcription factors containing a helix–loop–helix (HLH) motif 



9.4.2     HIF-1α. 

Another interesting example is HIF-1α. This transcription factor is involved in the 
regulation of the EPO gene. Considerable work has recently been undertaken in order to 
understand its regulation. HIF-1α is constitutively expressed, but is rapidly degraded 
under normoxic and oxidative conditions. It has been shown that normoxic oxygen 
tension induces the degradation of an oxygen-dependent degradation domain (which 
overlaps the NAD) by the ubiquitin/proteasome pathway. Conversely, HIF-1α is 
stabilized by hypoxia and by antioxidants through an as yet unknown mechanism and 
then heterodimerizes with HIF-1β (more commonly known as Arnt) to transactivate gene 
expression. The regulation of the AhR [which binds to so-called xenobiotic-responsive 
element (XRE) DNA sequences] by oxidative stress is unclear. Its DNA binding is not 
affected by oxidative stress. Transfection studies on the induction of the CYP1A1 gene 
showed that the response mediated by XRE sequences seemed to be unaffected by H2O2 
concentrations that strongly repress NFI. However, another study showed that higher 
(millimolar) H2O2 concentrations could repress reporter genes driven by XRE 
sequences. Thus the AhR may be sensitive to strong oxidation conditions but remain 
unaffected by moderate ROS concentrations. 

9.4.3     p53 

The well-known tumour-suppressor protein p53 has been shown to be a transcription 
factor. In vitro oxidation leads to several non-functional p53 conformations (DNA-
binding impairment). In addition, the in vivo DNA binding of p53 is impaired by H2O2, 
with the level of the p53 protein being unaltered. The expression of a reporter gene driven 
by a p53-responsive promoter is also decreased by oxidative treatment. Furthermore, the 
conformation of p53 is sensitive to metal cations. Redox modulation within the cell 
caused by copper uptake and Cu2+/Cu+ redox cycling also inhibits p53 DNA binding in 
vivo by a mechanism that does not involve ROS production. The perturbation of the 
intracellular copper content by agents such as pyrrolidine dithiocarbamate (which binds 
and transports extracellular copper) thus prevents p53 activation by known stimuli (UV, 
temperature shift). This inhibition of p53 function was shown to be caused by cysteine 
oxidation in vivo. Furthermore, the redox modulator Ref-1 was reported to re-activate 
oxidized p53 and stimulate p53 transactivating function in vivo. 

Thus it is well established that oxidative conditions alter the activity of p53 within 
the cell and related gene expression. This inhibition of a tumor suppressor may be 
correlated with the observation that abnormal cellular oxidative stress is associated 
with carcinogenesis. Conversely, since p53 is known to induce apoptosis by eliciting 
mitochondrial ROS production, the repression of p53 activity could allow the cell to 
escape from the p53-mediated apoptotic pathway in cases of transient intracellular ROS 
production. 

9.4.4     Antioxidant Role for the Tumor Suppressor p53 



The tumor suppressor p53 exerts its activity by preventing DNA-damaged cells from 
dividing until either the chromosomal repair is effected or the cell undergoes apoptosis. 
Reactive oxygen species (ROS) are enhanced through the action of p53-mediated 
transcription of apoptosis-promoting genes; however, p53 also can promote the 
expression of many antioxidant genes that prevent apoptosis. New research indicates 
that in low cellular stress, low concentrations of p53 induce the expression of 
antioxidant genes, whereas in severe cellular stress, high concentrations of p53 promote 
the expression of genes that contribute to ROS formation and p53-mediated apoptosis. 
p53-depleted cells injected into athymic mice increased significantly in tumor volume, 
whereas injected p53+/+ cells did not grow to the same degree. Interestingly, 
administration of the antioxidant compound N-acetylcysteine (NAC) inhibited the growth 
of tumor volume in p53-depleted injected cells, and NAC supplementation of p53–/– mice 
from birth greatly decreased the number of karyotype abnormalities and tumors formed in 
these mice by six months of age. Thus, under normal (or low stress) conditions, p53 
appears to have an antioxidant role that protects cells from oxidative DNA damage and 
although this effect might depend on the concentration of p53, other cellular factors likely 
participate in a cell’s final fate (Airing Out an Antioxidant Role for the Tumor 
Suppressor p53. Robert J. Tomko, Jr., Pallavi Bansal and John S. Lazo. Molecular 
Interventions 6:23-25, (2006).  I believe that low p53 levels “allow” the action of 
antioxidant enzymes and block apoptosis of cancer cells. High p53 levels and high 
EMOD levels promote apoptosis and tumoricidal activity. 

 

9.4.5     The crucial role of ubiquitous redox factors 

As described above, the DNA-binding activity of transcription factors often involves 
critical cysteine residues. This activity can be impaired if the thiol moiety of one such 
cysteine is modified by oxidation or alkylation, hence the necessity to keep these residues 
in their reduced state, at least in the nuclear compartment. Several proteins have been 
identified that are able to reduce cysteine residues. For example, Trx, Ref-1 and 
glutaredoxin (thioltransferase) have been shown to increase the DNA binding of several 
transcription factors by targeting a crucial cysteine. Human Trx is a small multifunctional 
protein of 12 kDa. It contains a conserved Cys-Gly-Pro-Cys sequence that confers redox 
activity by switching from dithiol to disulphide. It is thus able to reduce oxidized thiol 
groups located on a target transcription factor. Trx is therefore an antioxidant within the 
cell. When it is overexpressed, Trx protects the activity of several transcription factors 
from oxidative stress, as in the case of the GR and the ER, the iron-regulatory proteins 
and other important transcription factors described above. Conversely, antisense Trx 
sequences have a similar effect to oxidant reagents. 

It appears that oxidative redox modulations control AP-1 in two distinct and opposite 
manners: stimulating transactivation and inhibiting DNA binding. Other transcription 
factors also display similar regulation. The transcription of the egr-1 (early growth 
response 1) gene is induced by ROS, yet the protein contains three zinc fingers, and 
oxidized Egr-1 does not bind to its target DNA sequence in vitro. This oxidative 
repression is prevented by Ref-1. 



Finally, the transcription factor NF-κB also displays complex redox regulation. The 
cytosolic release of its inhibitor IκB and subsequent NF-κB nuclear translocation is 
induced by oxidative stress. In apparent contradiction to the activating effect of ROS, 
high levels of GSSG in T cells repress the DNA binding of NF-κB. Conversely, another 
study reported that the reducing proteins Trx and Ref-1 acted independently or 
synergistically to increase the in vitro DNA-binding activity of the p50 NF-κB subunit. 
This regulation involved a critical cysteine residue (Cys-61) in the DBD of p50. In 
addition, co-transfection of a Trx-expressing plasmid was shown to increase the 
transcription of a reporter gene driven by the HIV long-terminal repeat sequence, in a 
NF-κB-dependent manner. However, it should be noted that another study using Trx 
overexpression in cultured cells showed that Trx could inhibit NF-κB DNA binding. The 
DNA binding of NF-κB in vivo could thus be very sensitive to variations in the redox 
status within the cell, and needs fine redox tuning. Nonetheless, as with AP-1, it 
appears that NF-κB may undergo opposite regulation by oxidative stress within the 
cytosolic and nuclear compartments. On the one hand these transcription factors are 
activated by ROS in intact cells, and on the other hand the oxidation of a critical cysteine 
may impair their DNA-binding activities, as observed in vitro.  

It was shown in cultured cell lines that optimal activation of AP-1 and NF-κB by ROS 
was obtained if there was a transient shift of the intracellular redox conditions towards a 
more oxidant status, followed by a rapid restoration of the redox homoeostatic conditions. 
Dithiothreitol treatment 1 h after oxidative activation by ROS (or stimuli triggering ROS 
production) limited the inhibition of the DNA binding of these transcription factors. 
These apparent contradictory modes of regulation could be part of a feedback control 
loop that limits the activation of these ubiquitous and highly inducible transcription 
factors. Furthermore, it should be noted that the cytosolic and nuclear redox status 
can be different, owing to different GSH contents and to the function of redox 
proteins such as Trx and Ref-1. A cascade of redox interactions (thiol-disulphide 
exchanges) between these and possibly other, as yet unknown, redox proteins could 
influence gene transcription. Such a mechanism, and the translocation of redox proteins 
from the cytosol into the nucleus, could restore or maintain the activity of transcription 
factors under conditions of oxidative stress. Owing to the specificity of protein–protein 
interactions, fine control of the various redox-sensitive transcription factors is likely 
to be involved in the modulation of gene transcription by oxidative stress. 

9.4.6     CONCLUSIONS   

9.4.7     Differential redox regulation of transcription factors and gene expression 

A growing number of transcription factors have been shown to be modulated by 
variations in the cellular redox status. However, the sensitivity of the different 
transcription factors to oxidation varies considerably, and this has seldom been taken into 
account. Indeed, the redox sensitivity of a cysteine residue is variable, according to its 
localization within the protein (exposed outside or hidden inside) and its amino acid 
environment. The latter may influence the sensitivity to an oxidant of the thiol moiety of 
the cysteine itself. Because of the wide range of sensitivity of transcription factors, some 
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of them are specifically down-regulated by an oxidative stress that is not cytotoxic. 
In this respect, ROS appear to be actual modulators of gene transcription, 
independently of the degradation of biological macromolecules.  

For example, when two transcription factors can bind to the same DNA promoter 
sequence, modulation of the intracellular redox status may differentially regulate their 
binding. Hence there is the possibility of a redox switch, allowing the replacement of a 
transcription factor by another one, according to their redox responsiveness. This is the 
case with the α-globin gene proximal promoter, which is bound predominantly by NFI 
under normal conditions and by CP-1 under oxidative conditions. This redox switch is 
due to the particular sensitivity of NFI to the intracellular redox status. Other examples of 
competition between NFI and transcription factors that are activated or unaffected by 
oxidative stress have been reported. One is the switch between NF-κB and Sp1, which 
have been reported to be able to compete for the same DNA sequences. Such redox 
switches could provide an elegant mechanism for the regulation of gene transcription by 
ROS. 

The TADs of transcription factors can be differentially regulated by H O . They  
observed that, at low (micromolar) concentrations that repress the TAD of NFI, those of 
Oct and Sp1 were unaffected (whereas higher concentrations have more general 
repressive effects). These differences in the modulation of transcription factor activities 
provide an explanation for the differential regulation of genes by oxidative stress. 

2 2

The results reviewed above show that variations in the redox status within the cell can 
differentially regulate transcription factors. While positive sensors such as AP-1 or 
NF-κB are activated by oxidative stress, other transcription factors, such as NFI, are 
repressed. These modulations may be useful in adaptation to a stress. For example, 
abnormally high H O  production within the cell causes a rapid increase in 
production of antioxidant enzymes (through AP-1, NF-κB or the antioxidant-
responsive element sequence binding proteins) and also the repression of ROS-producing 
systems.  

2 2

The transcription of CYP1A1 is repressed. Mitochondrial activity (and ROS release) is 
repressed because of the specific decrease in mitochondrial RNAs. The uptake of iron is 
limited by the decrease in transferrin receptor expression (owing to inhibition of IRP-1 
RNA-binding activity). Another important regulation, occurring at the protein level, is 
repression of the activity of NADPH oxidase by oxidative modification of thiol moieties. 
This repression is prevented by the antioxidant dithiothreitol. Thus it is likely that high 
ROS concentrations could have a repressive effect on the activity of this enzyme. 

The ROS-mediated regulatory process is rapid (it does not need any protein synthesis) 
and reversible (it involves simple chemistry). It also allows a common and transient 
response to several cellular stresses: radiation, inflammation, heat shock, xenobiotic 
influx. Indeed, the stimuli that can trigger intracellular ROS production have been shown 
to differentially regulate many genes. The differential display technique provides an 
interesting tool with which to assess the modulation of a large number of genes by a 
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stimulus. Using this technique, UVB and serum (which contains several growth factors) 
were reported not only to activate immediate-early genes, but also to specifically repress 
others. Such approaches could allow a global view of the influence of oxidative stress on 
gene transcription, in addition to the use of DNA array technology. 

9.4.8     Oxidative stress and disease 

The chronic imbalance of the cellular redox status is associated with several pathological 
processes (Davies, K. J. (1995) Biochem. Soc. Symp. 61, 1–31) and may alter 
physiological functions, such as the immune response, mitochondrial function, etc. 
Endogenous ROS production rises with aging. Owing to altered enzymic reactions 
involving electron transport, electronic leakage is more important in cells from aged 
animals than in those from younger ones.  

Antioxidant systems are also less efficient (GSH and ascorbic acid levels in hepatocytes 
decline with age). Therefore the redox status of the cell is chronically imbalanced, 
because it is shifted to a more oxidant state. I have shown that this is a controversial 
point and is inconsistent in the literature. Among other deleterious effects, this can 
chronically modify the function of transcription factors and cause a global alteration of 
gene expression. It has been shown that Sp1 activity was decreased in 30-month-old rats 
compared with that in young rats (whereas the activity of NF-κB was increased). This 
may have important consequences, since Sp1 is a ubiquitous transcription factor often 
required for the expression of housekeeping genes.  

Other pathological conditions involving chronic inflammation are associated with an 
increase in ROS. The latter can alter immune functions by repressing several genes. This 
is relevant in several diseases, such as arthritis and HIV infection (Baier-Bitterlich, G., 
Fuchs, D. and Wachter, H. (1997) Biochem. Pharmacol. 53, 755–763). 

H2O2 has been shown to promote neoplastic transformation in a variety of tissues (Huang, 
R., Peng, A., Hossein, M., Fan, Y., Jagdale, A. and Boyonton, A. (1999) Carcinogenesis 
20, 485–492). The production of ROS is a common feature of a wide range of tumour 
promoters, such as dioxin, UV, peroxisome proliferators, phorbol esters, okadaic acid, 
phenobarbital, etc.  

Reactive oxygen species, including H2O2, allegedly play an important role in the tumor 
promotion process. Using an in vitro model of tumor promotion involving the rat liver 
epithelial oval cell line T51B, the tumor promoting activity of H2O2 in N-methyl-N'-
nitro-N-nitrosoguanidine-initiated cells was studied. In this assay system, the promoting 
effect of H O2 2 is evidenced by the formation of colonies in soft agar, appearance of foci 
in monolayer culture, disruption of gap junction communication (GJC) in foci areas and 
growth at higher saturation densities. H2O2 preferentially induced the expression of c-fos, 
c-jun, c-myc and egr-1, while JunB and JunD levels remained almost unchanged. H2O2 
also induced hyperphosphorylation of Cx43 and disruption of GJC. The effects of H2O2 
on tumor promotion, induction of immediate early (IE) genes and disruption of GJC are 
blocked by antioxidants. These results suggest that H2O2 acts as a tumor promoter in rat 



liver non-neoplastic epithelial cells and that the induction of IE genes and disruption of 
GJC are two possible targets of H2O2 during the tumor promotion process (Tumor 
promotion by hydrogen peroxide in rat liver epithelial cells. Huang RP, Peng A, Hossain 
MZ, Fan Y, Jagdale A, Boynton AL. Carcinogenesis. 1999 Mar;20(3):485-92). 

9.5.0     Tumor promotion by hydrogen peroxide in rat liver epithelial cells 

Despite the prevalence of many types of cancer, including hepatoma, the carcinogenic 
process is still poorly understood. The carcinogenic process in animal models is generally 
believed to involve initiation, in which supposedly irreversible genetic alterations take 
place, and promotion, in which clonal populations of initiated cells are expanded and 
ultimately progress to malignancy. Several tumor promoters are known, including 12-O-
tetradecanoylphorbol-13-acetate (TPA), okadaic acid (OA), thapsigargin, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) and H2O2, however, their precise mechanism of 
action is evasive.  

Allegedly, the involvement of reactive oxygen species (ROS), particularly H2O2, in 
the tumor promotion process is supported by both in vivo and in vitro studies. H2O2 
is capable of promoting neoplastic transformation in several two-stage transformation 
systems, including rat urothelial cells, murine myeloid progenitor cells, mouse epidermal 
cells and mouse embryo fibroblasts. In vivo studies also suggest that H2O2 is a mouse 
skin tumor promoter. The difference in sensitivity to multistage carcinogenesis between 
sensitive (SENCAR) and resistant (C57BL/6J) mice is related to the formation of H2O2 
by TPA. Indirect evidence supporting a role for ROS, including H2O2, in tumor 

promotion, is that inhibition of ROS generated by tumor promoters such as TPA, TCDD 
and chrysarobin profoundly reduces transformation. Treatment of SENCAR mice with 
chemopreventive agents such as epigallocatechingallate or tamoxifen prior to application 
of TPA diminished formation of H2O2. trans-tamoxifen and its derivatives are capable of 
inhibiting H2O2 formation by TPA-treated human neutrophils. Sarcophytol, a non-toxic 

and natural compound which inhibits the in vivo effect of tumor promotors, significantly 
decreases TPA-induced H2O2 formation in the epidermis of SENCAR mice. An 
antioxidant fraction of Chinese green tea can inhibit the production of H2O2 and TPA-
induced tumor promotion in mouse skin and in cultured lung cells it can inhibit oxidant-
induced DNA strand breaks. Furthermore, the production of ROS and H2O2 is a 
common feature of tumor promoters such as TPA, TCDD, UV, OA, peroxisome 
proliferators, steroidal estrogens (RMH Note: Estrogen is an antioxidant.), 
phenobarbital, chlordane and aroclor. Therefore, ROS, including H2O2, may 
allegedly play a critical role in the tumor promotion process.  

In spite of long speculation on the involvement of H2O2 in the tumor promotion process, 
current knowledge concerning the mechanism(s) by which H2O2 promotes tumor 
formation is still scarce and highly speculative.  

9.5.1     Tumor promotion protocol 
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T51B cells (between passages 8 and 10) at a density of 1.375x105 per 60 mm dish were 
plated on day 0 in complete medium. After 24 h, the cultures were treated for 24 h with 
the initiating agent, MNNG (0.25(g/ml) or with solvent control, dimethyl formamide 

(DMF). Twenty-four hours later, the cells were washed twice with serum-free medium 
and then the cells exposed to H2O2 (50, 100 and 200 µM) (RMH Note: 200 µM should 
be cytotoxic.) with an exchange of the H2O2-containing complete medium every week or 
twice a week or every other day. Once a week, cells were harvested from individual 
dishes and passaged at a density of 1.375x105 per 60 mm dish. This process was repeated 
up to five times. At passage numbers 1, 3 and 5, cells derived from each plate were 
subjected to the soft agar assay as described previously. Briefly, cells (5x104) in 0.26% 
agar medium were layered onto 0.65% agar-coated 60 mm plates. The plates were 
cultured for 14–20 days and the viable colonies were stained with p-iodonitrotetrazolium 
violet (Sigma) overnight. The number of colonies was determined under a microscope 
and colonies containing >100 cells were scored as positive. Cells treated with H2O2 
more than twice a week died during the experiment. For antioxidant 
treatment, NAC (2.5 mM) or -tocopherol (3x10–8 M) was added 30 min prior to H2O2 
treatment. The experiments were repeated twice and similar results were obtained.  

They used T51B rat liver epithelial oval cells as a model system. T51B is a non-
neoplastic epithelial cell line derived from rat liver 

9.5.1     H2O2 is a tumor promoter in T51B 

First, we performed cytotoxicity assays of H2O2 on T51B cells to select the suitable 
concentration for tumor promotion experiments. T51B cells (1x103 cells/well) were 
plated in a 96-well plate in complete medium and, 24 h later, H2O2 was added at six 
different concentrations. Forty-eight hours later, viable cells were determined by the MTT 
assay. The number of viable cells decreased at concentrations as low as 25 µM. 
Concentrations above 1000 µM caused a dramatic decrease in viable cell number. 
Since the tumor promotion protocol also used MNNG, we determined the cytotoxic effect 
of MNNG and MNNG plus H2O2 by MTT assay. H2O2 plus MNNG showed additive 
cytotoxicity to T51B cells. Thus, concentrations of 50, 100 and 200 µM for H2O2 and 0.5 
µg/ml for MNNG were used in subsequent experiments. I believe that this illustrates 
the toxic effect of increased concentration of H2O2 on cells and its tumoricidal 
activity. 
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Fig. 1. Cytotoxicity of H2O2 and MNNG to T51B cells. 
T51B cells were treated with H2O2 (A), MNNG (B) and 
H2O2 plus MNNG (C) at the indicated concentrations for 
48 h. Cell viability was determined by the MTT assay and 
expressed as a percentage of untreated cells. 

Although the hepatocarcinogenicity of peroxisome proliferators in rodents has been 
linked to oxidative DNA damage resulting from excessive leakage of peroxisomal H2O2 
and the role of oxidative stress in rat liver tumor promotion has been suggested, to the 
best of our knowledge, this is the first direct evidence that H2O2 acts as tumor promoter in 
rat liver epithelial cells. 

The mechanisms responsible for tumor promotion by H2O2 still remain unclear. H2O2 
may act as a `genotoxicant' or `epigenetic' agent in its role as a 



promoting agent. Although H2O2 can cause DNA damage, it is, at best, a 
very weak mutagen in mammalian cells (Takeuchi,T., Matsugo,S. and 
Morimoto,K. (1997) Mutagenicity of oxidative DNA damage in Chinese hamster V79 
cells. Carcinogenesis, 18, 2051–2055). In contrast, our studies, along with other studies, 
demonstrate that transcriptional modification and post-transcriptional protein 
modification is the result of exposure to ROS-inducing chemicals. Thus, tumor promotion 
by H2O2 is likely operating via `epigenetic' rather than `genotoxic' mechanisms in our 
system.  

One aspect of tumor promotion is an effect on cell cycle progression resulting in aberrant 
proliferative behavior. Proliferation is required to fix mutations in initiated cells and to 
expand this mutated population of cells. Abnormal cell cycle progression may result from 
the alteration of expression of IE genes. The role of IE genes in tumor promotion is 
strongly suggested by the following lines of evidence. Firstly, many tumor promoters 

induce expression of IE genes. TPA induces AP-1 activity, which mainly consists of c-
Fos and c-Jun. Subsequent studies demonstrate that other tumor promoters, including 
TCDD, UV, H2O2, peroxisome proliferators, trivalent arsenic and butylated 
hydroxytoluence hydroperoxide, induce the expression of IE genes. 

The model system established in this study will allow us to further dissect the molecular 
changes during tumor promotion and to test inhibitory agents of tumor promotion. Two 
agents tested in our system were NAC and -tocopherol, both of which efficiently inhibit 
the tumor promoting activity of H2O2. Clinical data suggest that vitamin E 
supplementation reduces the risk of colon cancer and prostate cancer, supporting the 

application of antioxidants in chemoprevention (Bostick,R.M., Potter,J.D., 
McKenzie,D.R., Sellers,T.A., Kushi,G.H., Steinmetz,K.A. and Folsom,A.R. (1993) 
Reduced risk of colon cancer with high intake of vitamin E: the Iowa woman' health 
study. Cancer Res., 53, 4230–4237) (Hoeinonen,O.P., Albanes,D., Virtamo,J. et al. 
(1998) Prostate cancer and supplementation with alpha-tocopherol and beta-carotene: 
incidence and mortality in a controlled trial. J. Natl Cancer Inst., 90, 440–446).  

Recently Trosko's group reported that H2O2 inhibits GJC in WB-F344 rat liver epithelial 

cells with an I50 value of 200 µM, but it seems that this effect does not involve oxidative 
stress because the antioxidants they used did not block the effect of H2O2 on the 
disruption of GJC. The discrepancy between these studies is not clear at this 
moment. It may be due to several factors, such as different antioxidants, cell lines and 
concentrations of H2O2. 

It is well recognized that the reduction–oxidation (redox) state is important for cell 
activity. Changes in the redox state are known to influence the DNA-binding activity of 
several transcription factors, such as Oxy R, AP-1, NF- B, Egr-1, Ets, Myb and v-Rel.  

A redox mechanism is also known to contribute to cell cycle progression, hormone 
receptor interactions, bacteriophage DNA replication, light signal transduction, regulation 
of iron metabolism, protein–RNA and protein–DNA interactions and RNA transcription 
and protein translation regulation.  



It is also known that ROS and H2O2 can induce single-strand breaks in cellular DNA, 
oxidation of DNA bases, chromosomal aberrations and DNA–protein crosslinks. 
Important here is the fact that the redox state is involved in tumor promotion and is 
tightly linked to ROS production. Taken together, the evidence strongly supports the 
notion that ROS are important mediators for many cellular activities. Although the 
tumor promotion process in vivo is certainly more complicated, a further 
characterization of the in vitro model system established in this study should shed light on 
the mechanism of tumor promotion. I believe that this in vitro study sheds very little 
light on the situation in the living/breathing cell. 

In c-Myc/transforming growth factor α transgenic mice, marked ROS overproduction 
was shown to accelerate hepatocarcinogenesis. In cancer cells, a chronic imbalance of the 
redox status, eliciting excessive ROS production, facilitates tumor promotion. Maximal 
growth promotion is observed when cells are protected from excessive toxicity but still 
maintain a sufficient oxidant signal for the induction of growth-competence genes. 
Indeed, ROS have been described as inducers of proto-oncogenes such as c-fos, c-jun and 
c-myc.  

However, the repressive effect of oxidative stress on gene expression is also implicated. 
The oxidative inhibition of p53 function can, for example, prevent the activation of genes 
necessary to induce apoptosis or repair DNA alterations. It may thus facilitate the 
survival and further development of transformed cells. In addition, ROS interfere with the 
complex signalling mechanisms regulating mitosis and differentiation (cf. the above-
mentioned inhibition of some cyclins). A deregulation of these processes may also 
increase cell transformation.  

Furthermore, long-term exposure to oxidative conditions leads to the accumulation of 
DNA damage, possibly leading to mutations. The guanine base is particularly sensitive to 
oxidation, and can be transformed into 8-oxoguanine; this is the case, for example, when 
CYP1A1 activity is high within the cell (and produces ROS). This could lead, after DNA 
replication, to a G T transversion. The effect of a mutation within the coding sequence 
of a gene is well known: it can inhibit the function of the encoded protein. Less attention 
has been paid to mutations occurring within the regulatory sequences of the genes. 
However, the mutation or modification of a base in the 5´ upstream sequence of a gene 
can prevent the interaction of a transcription factor with its cognate DNA site, which may 
repress the transcription of the gene. Thus chronic oxidative stress can repress gene 
expression either by altering the activity of a transcription factor or by modifying a 
promoter sequence. It should also be noted that oxidative alterations of RNA 
nucleotides may also be deleterious for protein expression, in addition to the effects of 
oxidation of RNA regulatory proteins. 

9.6.0  Hydrogen peroxide has tumoricidal activity 

9.6.1  Antitumor effects of H2O2 in vivo 



Glucose oxidase, covalently coupled to polystyrene microspheres (GOL), produced 
H2O2 at an average rate of 3.6 nmol/min per 10(9) beads under standard assay 
conditions. Injection of 1.3 × 10(10) to 1.1 × 10(11) GOL i.p. prolonged the survival of 
mice by 27 percent after injection of 10(6) P388 lymphoma cells in the same site, 
consistent with destruction of 97.6 percent of the tumor cells. Placing mice for several 
hours in 100 percent O2, the probable rate-limiting substrate for GOL, afforded a 42 
percent prolongation of survival from P388 lymphoma, consistent with destruction of 
99.6 percent of the tumor cells. When the P388 inoculum was 10(5), 10(4), or 10(3) cells, 
GOL led to long-term survival (presumed cure) of 23 percent, 77 percent, and 92 percent 
of the mice, respectively, consistent with reduction of the injected tumor dose to less than 
10 cells. Subcutaneous growth of 10(5) P388 cells (approximately 300 lethal dose to 50 
percent of mice) was suppressed in 83 percent of mice by admixture of GOL with the 
tumor cell inoculum. GOL alone had no effect against a more peroxide-resistant tumor, 
P815 mastocytoma. However, P815 cell glutathione reductase could be inhibited in vivo 
by well-tolerated doses of the antitumor agent, 1,3-bis(2-chloroethyl)- 1-nitrosourea 
(BCNU). BCNU alone cured few mice with P815. Together, BCNU and GOL apparently 
cured 86 percent of mice injected with 10(6) P815 cells i.p. The protective effect of GOL 
was abolished by boiling it to inactivate the enzyme, by co-injection of catalase coupled 
to latex beads, or by delaying the injection of tumor cells for 3 h, by which time the beads 
had formed aggregates. Soluble glucose oxidase, in doses threefold higher than that 
bound to GOL, had no detectable antitumor effect. A single injection of preformed 
H2O2 readily killed P388 cells in the peritoneal cavity, but only at doses nearly lethal 
to the mice. In contrast, GOL had very little toxicity, as judged by the normal appearance 
of the mice for over 400 d, gross and microscopic findings at autopsy, and various blood 
tests. GOL injected i.p. remained in the peritoneal cavity, where it was gradually 
organized into granulomata by macrophages, without generalized inflammation. Thus, 
an H2O2 generating system confined to the tumor bed exerted clear- cut 
antitumor effects with little toxicity to the host (Antitumor effects of 
hydrogen peroxide in vivo. CF Nathan and ZA Cohn. Journal of Experimental 
Medicine, Vol 154, 1539-1553).  
 

9.6.1  Catalase blocks H2O2 tumoricidal activity 

N-ß-Alanyl-5-S-glutathionyl-3,4-dihydroxyphenylalanine (5-S-GAD) exhibits selective 
cytotoxicity toward certain human tumor cell lines. 5-S-GAD has been shown to 
release hydrogen peroxide autonomously. Hydrogen peroxide is converted to water and 
oxygen by catalase. The purpose of this study is to determine whether or not 5-S-GAD 
exhibits selective cytotoxicity toward tumor cells with low catalase levels, but not 
toward ones with high catalase levels. They transfected MDA-MB-435S cells, which are 
sensitive to 5-S-GAD, with catalase cDNA to establish high catalase producer cells, and 
then examined their 5-S-GAD sensitivity. Similarly, they repressed catalase expression in 
T47D cells, which are insensitive to 5-S-GAD, by catalase RNA interference to create 
low catalase producer cells, and then examined their 5-S-GAD sensitivity. They show 
that the overexpression of catalase made MDA-MB-435S cells insensitive to 5-S-
GAD, whereas the suppression of catalase made T47D cells sensitive to 5-S-GAD. 



The cellular catalase level was found to be crucial for cell sensitivity to 5-
S-GAD (Correlation between the Catalase Level in Tumor Cells and Their Sensitivity to 
N-ß-Alanyl-5-S-Glutathionyl-3,4-Dihydroxyphenylalanine (5-S-GAD). Takeshi 
Nishikawa, Satoshi Nishikawa, Nobuko Akiyama and Shunji Natori. J. Biochem, 2004, 
Vol. 135, No. 4 465-469). 

9.6.3      Antitumor Therapy via Enzymatic Generation of Hydrogen Peroxide 

Hydrogen peroxide (H2O2) is a strong oxidant that induces apoptosis of tumor cells in 
vitro. Here, we investigated the antitumor activity of an H2O2-generating enzyme, D-
amino acid oxidase (DAO), and its conjugate with polyethylene glycol (PEG; PEG-
DAO). Compared with DAO, PEG-DAO showed improved pharmacokinetic parameters 

in mice after i.v. injection. PEG-DAO administered i.v. accumulated selectively in tumor 
tissue with insignificant accumulation in normal organs and tissues. To generate cytotoxic 
H2O2 at the tumor site, PEG-DAO was first administrated i.v. to tumor-bearing mice. 
After an adequate lag time, the substrate of DAO, D-proline, was injected i.p. This 
treatment resulted in significant suppression of tumor growth compared with tumor 
growth in control animals (not given treatment; P < 0.001). Similar treatment with native 
DAO showed no effect under the same conditions. Oxidative metabolites were 
significantly increased in solid tumors by administration of PEG-DAO followed by D-
proline (P < 0.002, compared with the group receiving no treatment), as evidenced by 
thiobarbituric acid-reactive substance assay. This treatment did not affect results from the 
metabolites in the liver and kidney. These findings suggest that tumor-targeted delivery of 
DAO is accomplished by using pegylated enzyme and thereby taking advantage of the 
enhanced permeability and retention effect in solid tumor. PEG-DAO thus delivered 
together with D-proline produces remarkable antitumor activity via 
extensive generation of H2O2. (Tumor-targeted Delivery of Polyethylene Glycol-
conjugated D-Amino Acid Oxidase for Antitumor Therapy via Enzymatic Generation of 
Hydrogen Peroxide. Jun Fang, Tomohiro Sawa, Takaaki Akaike and Hiroshi Maeda. 
Cancer Research 62, 3138-3143, June 1, 2002). 

9.6.4      EMODs kill leukemia cells 

Cancer cells are under intrinsic increased oxidative stress and vulnerable to free radical-
induced apoptosis. Here, 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, we 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. Pelicano et al. study shows 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. Hélène Pelicano et al. J. Biol. Chem., Vol. 278, Issue 39, 37832-
37839). 
 
 
 
9.6.5      Heme oxygenase inhibition leads to increased EMODs and tumor kill 

High expression of the inducible isoform of heme oxygenase (HO-1) is now well known 
in solid tumors in humans and experimental animal models. Fang et al. reported 
previously that HO-1 may be involved in tumor growth (Tanaka et al., Br. J. Cancer, 88: 
902–909, 2003), in that inhibition of HO activity in tumors by using zinc 
protoporphyrin (ZnPP) significantly reduced tumor growth in a rat model. Fang et 
al. demonstrate here that poly(ethylene glycol)-conjugated ZnPP (PEG-ZnPP), a water-
soluble derivative of ZnPP, exhibited potent HO inhibitory activity and had an 
antitumor effect in vivo. In vitro studies with cultured SW480 cells, which express HO-
1, showed that PEG-ZnPP induced oxidative stress, and consequently apoptotic death, of 
these cells. Pharmacokinetic analysis revealed that PEG-ZnPP-administered i.v. had a 
circulation time in blood that was 40 times longer than that for nonpegylated ZnPP. More 

important, PEG-ZnPP preferentially accumulated in solid tumor tissue in a murine 
model. In vivo treatment with PEG-ZnPP (equivalent to 1.5 or 5 mg of ZnPP/kg, i.v., 
injected daily for 6 days) remarkably suppressed the growth of Sarcoma 180 tumors 
implanted in the dorsal skin of ddY mice without any apparent side effects. In addition, 
this PEG-ZnPP treatment produced tumor-selective suppression of HO activity as well as 
induction of apoptosis. The major reason for tumor-selective targeting of PEG-ZnPP is 

attributed to the enhanced permeability and retention effect that is observed commonly in 
solid tumors for biocompatible macromolecular drugs. These findings suggest that 
tumor-targeted inhibition of HO activity could be achieved by using PEG-ZnPP, 

which induces apoptosis in solid tumors, probably through increased oxidative 
stress (In Vivo Antitumor Activity of Pegylated Zinc Protoporphyrin. Targeted 
Inhibition of Heme Oxygenase in Solid Tumor. Jun Fang et al. Cancer Research 63, 
3567-3574, July 1, 2003).  This is consistent with many other studies showing that 
increased EMOD levels are tumoricidal. 
 
9.6.6      Heme oxygenase inhibition increases EMODs and kills pancreatic cancer 

Heme oxygenase-1 (HO-1) is believed to represent a key enzyme for the protection of 
cells against "stress." Its overexpression in different types of human cancers supports the 
notion that HO-1 provides a growth advantage and contributes to cellular resistance 
against chemotherapy and radiotherapy. Given the poor survival rates of patients with 
pancreatic cancer due to its aggressive growth behavior and its exceptional resistance to 



all known forms of anticancer treatment, Berberat et al. have investigated the expression 
of HO-1 in human pancreatic cancer cells growth behavior and prognosis. Expression of 
HO-1 was analyzed in human pancreatic cancer samples in comparison with normal 
pancreas by quantitative PCR, Western blot, and confocal microscopy. The influence of 
radiotherapy and chemotherapy on HO-1 expression in pancreatic cancer cell lines was 
evaluated. Furthermore, HO-1 expression was specifically suppressed by small interfering 

RNA transfection and subsequently the alterations of growth behavior and resistance to 
anticancer treatment were tested. Human pancreatic cancer showed a 6-fold and 3.5-
fold HO-1 up-regulation in comparison to normal pancreas based on mRNA and 
protein level, respectively (P < 0.05). Cancer tissues revealed marked HO-1 

immunoreactivity in tumor cells and in tumor associated immunocytes. Treatment of the 
pancreatic cancer cell lines with gemcitabine or radiation strongly induced HO-1 
expression. Targeted knockdown of HO-1 expression led to pronounced growth 
inhibition of the pancreatic cancer cells and made tumor cells significantly more 

sensitive to radiotherapy and chemotherapy. Therefore, specific inhibition of HO-1 
expression may be a new option in pancreatic cancer therapy and may be used as 
sensitizer to chemotherapy and radiotherapy (Inhibition of Heme Oxygenase-1 Increases 
Responsiveness of Pancreatic Cancer Cells to Anticancer Treatment. Pascal O. Berberat 
et al. Clinical Cancer Research Vol. 11, 3790-3798, May 15, 2005). 
 
9.6.7      Heme oxygenase inhibition increases EMODs and kills chronic leukemia 
cells 
 
Chronic myeloid leukemia (CML) is a stem cell disease in which BCR/ABL promotes the 
survival of leukemic cells. Heme oxygenase-1 (HO-1) is an inducible stress protein that 
catalyzes the degradation of heme and has recently been implicated in the regulation of 

growth and survival of various neoplastic cells. In the present study, they analyzed the 
expression and role of HO-1 in CML cells. As assessed by Northern and Western blot 
analysis as well as immunostaining, primary CML cells were found to express HO-1 

mRNA and the HO-1 protein in a constitutive manner. Exposure of these cells to the 
BCR/ABL tyrosine kinase inhibitor STI571 resulted in decreased expression of HO-1 
mRNA and protein. In addition, BCR/ABL was found to up-regulate HO-1 promoter 
activity, mRNA levels, and protein levels in Ba/F3 cells. To investigate the role of HO-1 
for survival of primary CML cells, the HO-1 inducer hemin was used. Hemin-induced 
expression of HO-1 was found to protect CML cells from STI571-induced cell death. 
In addition, inhibition of HO-1 by zinc-(II)-deuteroporphyrin-IX-2,4-
bisethyleneglycol resulted in a substantial decrease of cell viability. Furthermore, 
overexpression of HO-1 in the CML-derived cell line K562 was found to counteract 
STI571-induced apoptosis. Together, their data identify HO-1 as a novel BCR/ABL-
driven survival molecule and potential target in leukemic cells in patients with CML. The 
pathogenetic and clinical implications of this observation remain to be elucidated (). 
 
9.7.0   EMOD tumoricidal activity with combinatorial approach 
 
9.7.1   PDT, iron and HBO act synergistically to kill cancer  
 



Photodynamic therapy (PDT) is a new therapeutic approach for the treatment of 
malignant tumors. Hyperbaric oxygen (HBO(2)) shows beneficial effects in various 
modalities of cancer interventions. Tumor cells tend to accumulate large 
amount of iron. There is interaction between tissue content of oxygen, iron, free 
radical production and tissue damage. Accumulation of intracellular iron is necessary 
for the production of oxygen radicals. HBO(2) increases tissue oxygen and 
hydrogen peroxide production in the cells. Malignant cells require iron, and 
exhibit more transferrin receptors. The photodynamic sensitization of human leukemic 
cells is achieved with accumulation of porphyrins stimulated by 5-aminolaevulanic acid 
(ALA) plus hemin. Further, a significant improvement in tumor response is obtained 
when PDT is delivered during hyperoxygenation. When PDT is combined with 
hyperoxygenation, the hypoxic condition is improved and the cell killing rate at 
various time points after PDT is significantly enhanced. Photosensitization with use of 
porphyrins is used with HBO(2) and PDT for treatment of certain tumors. PDT with ALA 
is used for treatment of actinic keratosis (AK). The combination of iron administration 
(by injection or oral route), hemin, or transferrin, as a source for iron, HBO(2) as a source 
of oxygen under pressure and PDT as a source of generating free-radical tissue damage 
may be useful in the treatment of tumors. The possibility of combining HBO(2), iron, 
light and local photosensitizers to overcome skin tumors deserve extensive laboratory and 
clinical research work. Conclusively, iron, HBO(2), and PDT may have 
synergistic effect to hamper tumor cells (Phototherapy and malignancy: 
Possible enhancement by iron administration and hyperbaric oxygen. 
Al-Waili, NS and Butler, GJ. Med Hypotheses. 2006;67(5):1148-58). I believe that this 
conforms my belief that a combinatorial approach to increase EMOD levels is 
effective in killing cancer.  It may be possible to increase iron and vitamin C intake 
to a level needed to oxidatively kill cancer and still be safe. 
 
9.7.2   PDT/HBO increases EMODs and tumoricidal activity 
 
Photodynamic tumor therapy (PDT) is based upon a photochemical reaction that is 
limited by the availability of molecular oxygen in the target tissue. The use of hyperbaric 
oxygenation (HBO) increases the amount of oxygen available for the process may 
thereby enhance the efficacy of PDT. They proved in a prospective, non-randomized 
clinical pilot study the acute effects on malignant bronchial stenosis and the technical 
feasibility of combined PDT/HBO. Forty patients (29 males, 11 females, mean age: 64.3 
years; range 39-82 years) with inoperable, advanced malignant bronchial tumor stenosis 
were studied prospectively. Photosensitization was carried out using a hematoporphyrin-
derivative 2 mg/kg bw 48 h prior to PDT. The light dose was calculated as 300 J/cm fiber 
tip. The assessment of outcome 1 and 4 weeks after PDT/HBO was done by endoscopy, 
chest X-ray, spirometry, laboratory parameters, subjective report of dyspnea and 
Karnofsky performance status. At 1 and 4 weeks after the treatment the patients felt a 
significant improvement of dyspnea and hemoptysis alongside with an objective 
subsiding of poststenotic pneumonia, though spirometric parameters revealed no 
significant difference. A significant reduction of tumor stenosis (P<0.05) and an 
improvement of the Karnofsky performance status (P<0.05) were documented 1 and 4 



weeks after PDT/HBO. No therapy related complications were observed. 
CONCLUSION: Although the small number of patients does not allow to draw definitive 
conclusions, the results suggest that combined PDT/HBO represents a new, safe and 
technically feasible approach. It enables efficient and rapid reduction of the 
endoluminal tumor load and helps conditioning the patient for further treatment 
procedures (Photodynamic therapy enhanced by hyperbaric oxygen in acute endoluminal 
palliation of malignant bronchial stenosis. F. Tomaselli et al. Eur J Cardiothorac Surg. 
2001 May;19(5):549-54). 
 
 
 
9.7.3   PDT/HBO increases EMODs and esophageal tumoricidal activity  
  
The photochemical reaction of photodynamic therapy (PDT) depends on the presence 
of molecular oxygen. Due to anoxic regions in tumor tissue and vascular shutdown 
during PDT the efficiency is limited. Therefore, the use of hyperbaric oxygen which 
increases the oxygen in tumor tissue, as well as the amount of singlet oxygen, may 
enhance the efficiency of PDT. According to this prospective non-randomized study, 
combined PDT/HBO represents a new approach in the treatment of esophageal and cardia 
cancer which appears to have enhanced the efficiency of PDT (Combined photodynamic 
therapy and hyperbaric oxygenation in carcinoma of the esophagus and the esophago-
gastric junction. A. Maier et al. Eur J Cardiothorac Surg. 2000 Dec;18(6):649-54). My 
singlet oxygen delivery system circumvents the problems associated with both  
PDT/HBO.  
 
 
9.7.4   PDT/HBO increases EMODs and lung tumoricidal activity  
 
Photodynamic tumor therapy (PDT) is based upon a photochemical reaction that is 
limited by the availability of molecular oxygen in the target tissue. The use of hyperbaric 
oxygenation (HBO) increases the amount of oxygen available for the process may 
thereby enhance the efficacy of PDT. Although the small number of patients (30) was 
small it does not allow to draw definitive conclusions to be drawn, the results suggests 
that combined PDT/HBO represents a new, safe, and technically feasible approach. It 
enables efficient and rapid reduction of the endoluminal tumor load and helps 
conditioning the patient for further treatment procedures (Acute effects of combined 
photodynamic therapy and hyperbaric oxygenation in lung cancer. F. Tomaselli et al. 
Lasers Surg Med. 2001;28(5):399-403). 
 
9.7.5   PDT tumoricidal activity improved by HBO 
 
Photodynamic therapy (PDT) requires molecular oxygen during light irradiation to 
generate reactive oxygen species. Tumor hypoxia, either preexisting or induced by PDT, 
can severely hamper the effectiveness of PDT. Lowering the light irradiation dose rate or 
fractionating a light dose may improve cell kill of PDT-induced hypoxic cells but will 
have no effect on preexisting hypoxic cells. In this study hyperoxygenation technique 



was used during PDT to overcome hypoxia. C3H mice with transplanted mammary 
carcinoma tumors were injected with 12.5 mg/kg Photofrin and irradiated with 630 nm 
laser light 24 h later. Tumor oxygenation was manipulated by subjecting the animals to 3 
atp (atmospheric pressure) hyperbaric oxygen or normobaric oxygen during PDT light 
irradiation. The results show a significant improvement in tumor response when PDT was 
delivered during hyperoxygenation. With hyperoxygenation up to 80% of treated tumors 
showed no regrowth after 60 days. In comparison, when animals breathed room air, only 
20% of treated tumors did not regrow. To explore the effect of hyperoxygenation on 
tumor oxygenation, tumor partial oxygen pressure was measured with microelectrodes 
positioned in preexisting hypoxic regions before and during the PDT. The results show 
that hyperoxygenation may oxygenate preexisting hypoxic cells and compensate for 
oxygen depletion induced by PDT light irradiation. In conclusion, hyperoxygenation may 
provide effective ways to improve PDT efficiency by oxygenating both preexisting and 
treatment-induced cell hypoxia (Improvement of tumor response by manipulation of 
tumor oxygenation during photodynamic therapy. Q.Chen et al. Photochem Photobiol. 
2002 Aug;76(2):197-203).  The foregoing papers illustrate the principlel taught in my 
previous books which demonstrate the tumoricidal activity of EMODs, especially 
singlet oxygen. 
 
9.8.0   EMOD production and stress 
 
9.8.1  “Sick companion” decreases WBCs 
 
Investigators studied the effects of cohabitation for 11 days with a sick cage mate on 
behavior and Ehrlich tumor growth in mice. Pairs of female mice were divided into one 
control and one experimental group. One mouse of each control pair was kept 
undisturbed and called 'healthy companion' (HC). One animal of each experimental pair 
of mice was inoculated (i.p.) with 5 x 10(6) Ehrlich tumor cells, and the other, the object 
of this study, was called 'sick companion' (SC). The SC mice presented: (1) increased 
activity in an open field, (2) increased number of entries and of movements within the 
plus-maze open arms, (3) similar levels of plus-maze closed-arm exploration, (4) a 
decrease in the exploratory activity in a hole board, (5) a decrease in the number of 
white but not red blood cells, and (6) similar corticosterone serum levels. Eleven days 
after cohabitation with a nonspecific, HC and SC mice were injected with 5 x10(6) 
Ehrlich tumor cells. Results showed that SC animals presented decreased resistance to the 
ascitic form of the Ehrlich tumor. The observed data provide experimental evidence that 
psychosocial stress induced by cohabitation with a sick cage mate changed at the same 
time some behavioral and physiological parameters, and decreased resistance to Ehrlich 
tumor. These data are discussed in the light of a possible neuroimmune system interaction 
(Cohabitation with a sick cage mate: consequences on behavior and on ehrlich tumor 
growth. MS Margoulis et al. Neuroimmunomodulation. 2004;11(1):49-57).  
 
9.8.2      Maternal stress increases tumor growth 
 
This study analyzed the effects of maternal stress on behavior and immune function of 
mice. Pregnant mice received a daily footshock (0.4 mA) from gestational day 15 (GD 



15) to GD 19. Experiments were performed on male offspring aged 2 months. The 
following results were obtained for offspring from dams stressed during pregnancy: (1) 
decreased locomotor activity observed in the open-field central zone; (2) decreased 
number of entries into the open arms of the plus-maze and decreased time spent in the 
exploration of these arms; (3) decreased macrophage spreading and phagocytosis, but 
no changes in macrophage NO(2)(-) production; (4) increased growth of both the 
ascitic and solid forms of Ehrlich tumor. These changes were unrelated to differences 
in gestational parameters and did not reflect altered maternal-pup interactions or 
nutritional factors. The observed data provide experimental evidence that maternal stress 
alters stress/anxiety levels, macrophage activity and Ehrlich tumor growth at the same 
time and in the same litter. The data were discussed in the light of possible 
neuroendocrine-immune system interactions (Effects of maternal stress on anxiety levels, 
macrophage activity, and Ehrlich tumor growth. J. Palermo-Neto et al.  Neurotoxicol 
Teratol. 2001 Sep-Oct;23(5):497-507).  
 
9.8.3      Combined effect of stress 
 
This study analyzed the effects of physical and psychological stressors on behavior, 
immune function, and serum corticosterone in mice. Adult mice were submitted once 
daily, for 6 days to one of the following conditions: escapable (ES) or inescapable (IS) 
footshocks (0.2 mA) signaled by a tone cue or to a psychological stressor (PS) generated 
through the use of a communication box; in this box, mice received no footshock but 
were exposed to responses delivered by IS mice. Results showed that IS and PS: (1). 
decreased locomotor activity observed in an open-field; (2). decreased number of entries 
into the open arms and decreased time spent in the exploration of the open arms of the 
plus-maze; (3). decreased macrophage spreading and phagocytosis; (4). increased 
macrophage H(2)O(2) release; and (5). increased growth of the ascitic form of 
Ehrlich tumor. Behavioral and/or immunological changes were not observed after ES; 
this absence of effects, however, might not be attributed solely to footshock 
controllability since mice of groups ES and IS differed with respect to the psychological 
setting used and the amount of shock they received. An increase of serum corticosterone 
concentrations was also observed in the stressed mice of all groups; this increment was 
higher in animals of group IS. These data provide evidence that inescapable footshock 
and psychological stressors alter, at the same time and in mice, stress levels, macrophage 
activity, and Ehrlich tumor growth. They also show that ES and PS induced similarly 
elevated serum corticosterone concentrations, but significantly differ in the 
immunological and behavioral outcomes they produced in mice. These findings suggest 
that another factor besides HPA axis activation might be responsible for behavioral and 
immunological consequences of IS and PS in mice. It is proposed that the final neural 
link between behavioral and immunological changes observed after physical and 
psychological stressors might involve catecholaminergic systems within the central 
nervous system and/or sympathetic autonomic nerve fibers and also opioid peptides 
(Effects of physical and psychological stressors on behavior, macrophage activity, and 
Ehrlich tumor growth. J. Palermo-Neto et al.  Brain Behav Immun. 2003 Feb;17(1):43-
54).  
 



9.8.4   Cu-metallothionein aids H2O2 in killing Ehrlich tumor cells 
 
This study was concerned with the role of copper (Cu) and Cu-metallothionein (Cu-MT) 
in oxidative stress. H2O2 induced oxidative injury was examined in Ehrlich ascites tumor 
cells isolated from host mice pretreated with 0, 1 or 2mg of CuSO(4) (ip) 24h earlier. 
Control Ehrlich cells contained low levels of Cu and Cu treatment produced dose-related 
increases in cellular Cu and Cu-MT levels and corresponding increases in sensitivity 
to oxidative toxicity of H2O2 (LC(50), cell blebbing, lipid peroxidation, GSH 
depletion, and increase in intracellular free [Ca(2+)](i)). Hydrogen peroxide treatment 
also resulted in the oxidation of MT thiolates, reduction in the binding of Cu to MT 
resulting in translocation of Cu to other subcellular sites. d-penicillamine, a Cu-chelating 
agent, obliterated the sensitization effect of Cu-pretreatment and reduced the 
redistribution of MT-bound Cu, suggesting the participation of Cu ions derived from MT 
in promoting oxidant stress. Additional experiments with desferoxamine and mannitol 
have revealed the involvement of a Cu-dependent Fenton reaction in the mediation of the 
prooxidative effect of Cu-MT. These data suggest that cells with high levels of Cu-MT 
may be particularly susceptible to oxidative stress (Prooxidative effect of copper--
metallothionein in the acute cytotoxicity of hydrogen peroxide in Ehrlich ascites tumour 
cells. ZE Suntris and  EM Lui. Toxicology. 2006 Jan 16;217(2-3):155-68).  
 
9.8.5  Zinc-metallothionein reduced killing Ehrlich tumor cells 
 
This study was concerned with the role of zinc (Zn) and zinc-metallothionein (Zn-MT) in 
oxidative stress. Hydrogen peroxide-induced oxidative injury was examined in Ehrlich 
ascites tumour cells isolated from control host mice, mice pretreated with 10 mg/kg 
ZnSO4 (i.p.) to increase cellular Zn/Zn-MT levels, and mice exposed to Zn-deficient diet 
to reduce the cellular Zn/Zn-MT levels. The results of the present study showed that 
Ehrlich cells with seven-fold differences in Zn-MT concentrations could be obtained by 
manipulating the Zn status of host mice and that high Zn and Zn-MT levels can make 
Ehrlich cells more resistant to H2O2-induced oxidative injury (cell viability, lipid 
peroxidation, [Ca2+]i) while cells with reduced Zn/Zn-MT levels were more susceptible 
to this treatment. H2O2 treatment resulted in oxidation of MT thiolate groups and loss of 
its metal binding capacity with translocation of Zn released from oxidized MT to other 
cellular sites. Preincubation of Ehrlich cells with ZnSO4 in vitro also conferred some 
degree of resistance to H2O2 toxicity, suggesting the inherent antioxidative property of 
Zn ions. These data suggested that Zn-MT can be considered as an antioxidant by 
virtue of its thiolate groups and its Zn ions that are released in the presence of 
oxidative stress (Antioxidant effect of zinc and zinc-metallothionein in the acute 
cytotoxicity of hydrogen peroxide in Ehrlich ascites tumour cells. ZE Suntris and  EM 
Lui. Chem Biol Interact. 2006 Jul 25;162(1):11-23). 
 
9.8.6  Zn enhances oxidative effects 
 
To analyze the effects of high concentrations of zinc ions on oxidative stress protection, 
we developed an original model of zinc-resistant HeLa cells (HZR), by using a 200 
microM zinc sulfate-supplemented medium. Resistant cells specifically accumulate high 



zinc levels in intracellular vesicles. These resistant cells also exhibit high expression of 
metallothioneins (MT), mainly located in the cytoplasm. Exposure of HZR to Zn-
depleted medium for 3 or 7 d decreases the intracellular zinc content, but only slightly 
reduces MT levels of resistant cells. No changes of the intracellular redox status were 
detected, but zinc resistance enhanced H2O2-mediated cytotoxicity. Conversely, zinc-
depleted resistant cells were protected against H2O2-induced cell death. Basal- and 
oxidant-induced DNA damage was increased in zinc resistant cells. Moreover, 
measurement of DNA damage on zinc-depleted resistant cells suggests that cytoplasmic 
metal-free MT ensures an efficient protection against oxidative DNA damage, while Zn-
MT does not. This newly developed Zn-resistant HeLa model demonstrates that high 
intracellular concentrations of zinc enhance oxidative DNA damage and subsequent 
cell death. Effective protection against oxidative damage is provided by 
metallothionein under nonsaturating zinc conditions. Thus, induction of MT by zinc may 
mediate the main cellular protective effect of zinc against oxidative injury (Zinc 
resistance impairs sensitivity to oxidative stress in HeLa cells: protection through 
metallothioneins expression. F Chimienti et al. Free Radic Biol Med. 2001 Nov 
15;31(10):1179-90). 
 
9.8.7  Amine oxidase generates H2O2  for tumoricidal activity 
 
Bovine serum amine oxidase (BSAO) oxidatively deaminates polyamines containing 
primary amine groups, spermidine and spermine, to form the cytotoxic products 
hydrogen peroxide and aldehyde(s). Polyamines are present at elevated levels in 
many tumor tissues. The aims of the study were to evaluate the anti-tumoral activities of 
native and immobilized BSAO in mouse melanoma and also to determine the mechanism 
of tumor cell death. C57BL mice received a subcutaneous injection of B16 melanoma 
cells to induce formation of tumors, prior to antitumor treatments with native and 
immobilized BSAO. The enzyme was immobilized in a poly(ethylene glycol) (PEG) 
biocompatible matrix. Antitumor treatments consisted of a single injection of enzyme 
into the tumor. When immobilized BSAO (2.5mU) was injected into the tumor, there was 
a marked decrease of 70% of the tumor growth. This was compared with a decrease of 
only 32% of tumor size when the same amount of native BSAO was administered. The 
type of cell death was analysed in tumors that were treated with native or immobilized 
BSAO. When tumors were treated with immobilized BSAO, there was induction of a 
high level of apoptosis (around 70%), compared to less than 10% with the native enzyme. 
Apoptotic cell death was assessed by nuclear chromatin condensation using Hoechst 
staining and labelling of externalized phosphatidylserine using Annexin V. However, 
native BSAO, probably due to a burst of cytotoxic products, induced a high level of 
necrosis of about 40%, compared to less than 10% with immobilized BSAO. In 
conclusion, the advantage is that immobilized BSAO can act by allowing the slow release 
of cytotoxic products, which induces tumor cell death by apoptosis rather than necrosis 
(Anti-tumoral effect of native and immobilized bovine serum amine oxidase in a mouse 
melanoma model. DA Averill-Bates et al. Biochem Pharmacol. 2005 Jun 
15;69(12):1693-704). 
 
9.8.8  Hyperthermia increases tumoricidal activity of EMODs 



 
This study investigates the potential of using polyamines as thermosensitizers, in the 
presence of bovine serum amine oxidase (BSAO), as a new anticancer strategy. The 
effect of hyperthermia on cytotoxicity of spermine oxidized by purified bovine serum 
amine oxidase was investigated in Chinese hamster ovary cells. Several different 
spermine concentrations were employed in the presence of BSAO at 37 degrees and 42 
degrees. Cytotoxicity was considerably enhanced at 42 degrees. Heat also increased 
the individual cytotoxicity of both exogenous H2O2 and the exogenous 
aldehyde acrolein. Thus, both of these species could contribute to the thermal 
enhancement of cytotoxicity caused by BSAO and spermine. The effect of temperature 
was especially marked in the presence of exogenous catalase. This cytotoxicity 
cannot be accounted for by H2O2 and was attributed to aldehyde(s). The involvement 
of aldehyde(s) in cytotoxicity at 42 degrees was also confirmed by the complete 
inhibition of cytotoxicity with both exogenous aldehyde dehydrogenase and exogenous 
catalase. A particularly interesting finding, in the presence of exogenous catalase, was 
that conditions of BSAO and spermine (< or = 50 microM) which were non-toxic at 37 
degrees became cytotoxic at 42 degrees. This suggests that spermine-derived aldehyde(s), 
that were non-toxic at 37 degrees, contributed to cytotoxicity at 42 degrees and resemble 
thermosensitizers. The thermosensitizing activity of aldehyde(s) produced in the BSAO-
catalysed oxidation of spermine has potential value for improving the therapeutic effects 
of hyperthermia and could be considered for future application in cancer therapy. 
Polyamines are present at elevated levels in tumor cells and have been considered as heat 
sensitizers. By delivering BSAO into tumor cells, toxic oxidation products of polyamines 
could be produced in situ for selective killing of tumor cells (Heat enhancement of 
cytotoxicity induced by oxidation products of spermine in Chinese hamster ovary cells. 
E.Agostinelli et al Biochem Pharmacol. 1994 Sep 15;48(6):1181-6). I believe that this 
study suggests that increasing the body temperature may add to the combinatorial 
effect of increasing prooxidant levels of EMODs.  This may be accomplished simply 
by placing the patient into a sauna to raise core body temperature, while raising 
EMOD levels. 
 
9.8.9  Hypothermia therapy 

Hypothermia therapy has for years been used in the operating room when doctors want to 
slowly reduce a patient's need for oxygenated blood during heart and other surgeries. 
While researchers do not fully understand why, studies have shown that cooling allows 
the body to get by with less oxygen by decreasing the metabolic demand.  

9.9.0  Flavones increase intracellular H2O2 
 
Colorectal carcinoma is a human malignant tumor, which is very resistant to currently 
available methods of treatment. Therefore, developing an effective agent with anti-
colorectal carcinoma activity is important. In the present study, 8 structurally related 
flavones including flavone, 3-OH flavone, 5-OH flavone, 7-OH flavone, quercetin, 
kaempferol, quercetin, and morin were used to study their effects on colorectal carcinoma 
cells (HT29, COLO205, COLO320-HSR). Results of MTT assay indicated that flavone 



shows the most potent cytoxic effect among them on these three cell types. The 
cytotoxicity induced by flavone is mediated by inducing the occurrence of apoptosis 
characterized by the appearance of DNA ladders, apoptotic bodies and hypodiploid cells. 
Activation of caspase 3 protein procession and enzyme activity with inducing cleavage of 
caspase 3 substrates PARP was identified in flavone-treated cells, and an inhibitory 
peptide Ac-DEVD-FMK for caspase 3, but not Ac-YVAD-FMK for caspase 1, attenuates 
the cytotoxic effect of flavone in COLO205 and HT29 cells. Elevation of p21 but no p53 
protein was observed in flavone-treated cells. Increasing intracellular peroxide 
level was detected in flavone-treated cells by DCHF-DA assay, and antioxidants 
such as tiron, catalase, SOD, PDTC, but not DPI, suppress flavone-induced cytotoxic 
effect (Flavone inhibition of tumor growth via apoptosis in vitro and in vivo. YC Chen et 
al. Int J Oncol. 2004 Sep;25(3):661-70). Flavones are frequently said to be good 
antioxidants but this study indicates that they increase intracellular levels of H2O2. 

9.9.1  'Redox-active' xenobiotics 

Moderate but chronic oxidative stress can result in modulation of gene expression, 
possibly leading to pathophysiological consequences. Various factors elicit oxidative 
stress. Apart from metabolic dysfunctions, environmental factors are critical. ROS 
production is increased upon intake of a high-calorie diet. Diet restriction (without 
malnutrition) was shown to decrease oxidative stress and increase the life span in animals 
(Sohal, R. S. and Weindruch, R. (1996) Science 273, 59–63).  

Likewise, many xenobiotics (e.g. pollutants, food contaminants) cause ROS generation 
during their metabolism. Some compounds are strong inducers of enzymes (such as CYP 
family members) that may release ROS during their catalytic cycles. Thus the regular 
intake of antioxidants is currently thought to prevent, or at least limit, the deleterious 
effects of chronic oxidative stress (among which is altered gene expression). I know that 
this is wrong and is based on old data. This has led to the recent development of drugs 
with antioxidant properties. These drugs may contribute to maintain a homoeostatic redox 
balance within the cell. In this respect, they may help to restore the correct regulation of 
gene transcription. Some results suggest that N-acetylcysteine, a precursor of glutathione, 
or direct cysteine complementation could help to buffer chronic oxidative stress (and its 
related deleterious effects), as is the case in cancer or in HIV-infected patients.  

The antioxidant drugs mainly contain selenium (a necessary cofactor of glutathione 
peroxidase and Trx reductase), ascorbic acid (vitamin C), carotenoids (including vitamin 
A) and derivatives of α-tocopherol (vitamin E). A wide range of other antioxidant 
cocktails have been clinically tested, including various flavinoids. It is possible that the 
integration of such compounds in the diet decreases the risk of cancer or enhances 
immune function, but additional evidence is needed to support these 
conclusions. 

9.9.2  H2O2 paradox 
 



Since the discovery of hydrogen peroxide in 1819 it was known as a toxic agent for 
human organs. Due to the recent findings its role should be reevaluated. The enzyme 
catalase which is the main regulator of hydrogen peroxide metabolism (Blood. 1997 
Dec 15;90(12):4973-8), while glutathione peroxidase and hemoglobin has a limited role 
in this process.. The concentration of hydrogen peroxide changes between 0.05 
micromol/l and 117 micromol/l in exhaled breath condensate and in human fluids. 
Hydrogen peroxide is generated by physiological processes such as glycation, 
phagocytosis, cell metabolism and by pathological changes such as different tumors and 
side effects of some drugs.  
 
Low concentration of hydrogen peroxide plays a role in degradation of some proteins, as 
a messenger in cell signaling and could contribute to apoptosis. The enzyme catalase, due 
to its structure and function, is very effective in destroying the toxic concentration of 
hydrogen peroxide without changing its low, physiologic concentration. Decrease in 
catalase due to anemia, decreased synthesis and especially to its inherited deficiency may 
be a risk factor in diabetes, cell damage due to ischemia, in uricase and ascorbic acid 
treatment as well as in sterilization with hydrogen peroxide. The hydrogen peroxide 
paradox means that its low concentration is vital for some physiological processes 
while its high concentration is toxic for human cells. (The hydrogen peroxide paradox. 
Goth, L. Orv Hetil. 2006 May 14;147(19):887-93). I believe that investigators may be 
misinterpreting the data in that high levels of H2O2 are designed to be cytotoxic and 
this is not a fault of H2O2. This is part of normal cellular regulation. 
 
Hydrogen peroxide at high concentrations is allegedly a toxic agent, while at low 
concentrations it appears to modulate some physiological processes such as 
signaling in cell proliferation, apoptosis, carbohydrate metabolism, and 
platelet activation. 
 
Decomposition of hydrogen peroxide (H2O2) at physiological levels was studied in 
human erythrocytes by means of a recently developed sensitive H2O2 assay. The 
exponential decay of H2O2 in the presence of purified erythrocyte catalase was followed 
down to 10(-9) mol/L H2O2 at pH 7.4. H2O2 decomposition by purified erythrocyte 
glutathione peroxidase (GPO) could be directly observed down to 10(-7) mol/L H2O2. No 
enzyme inhibition was observed at these low H2O2 concentrations. Catalase and GPO 
activities can be determined separately in a titrated mixture of purified enzymes, which 
simulates the conditions of H2O2 removal by the erythrocyte. Experiments with fresh 
human hemolysate allowed them to determine H2O2 decomposition by catalase and GPO 
using these enzymes in their original quantitative ratio. The different kinetics of these 
enzymes are shown: H2O2 decomposition by catalase depends linearly on H2O2 
concentration, whereas that by GPO becomes saturated at concentrations above 10(-6) 
mol/L H2O2. Even at very low H2O2 concentrations GPO reaches only approximately 8% 
of the rate at which catalase simultaneously degrades H2O2. These data indicate an 
almost exclusive role for catalase in the removal of H2O2 in normal human 
erythrocytes (Direct evidence for catalase as the predominant H2O2-removing enzyme in 
human erythrocytes. Mueller, et at. Blood. 1997 Dec 15;90(12):4973-8) 
 



9.9.3  Acatalasemia not associated with chronic hemolysis 
 
Two Hungarian acatalasemic and eight hypocatalasemic patients revealed normal 
erythropoesis. Contrary to their decreased defence system against the toxic hydrogen 
peroxide, the biochemical tests (serum catalase, serum hemoglobin, serum lactate 
dehydrogenase (LDH) ratio of LDH1 and LDH2 isoenzymes and serum haptoglobin) 
excluded hemolysis. The normal activity of glutathione peroxidase and the decreased 
catalase activity could prevent the lysis of the erythrocytes. (Hungarian hereditary 
acatalasemia and hypocatalasemia are not associated with chronic hemolysis. Goth, L. 
and Vitae, M. Clin Chim Acta. 1995 Jan 16;233(1-2):75-9). Since the enzyme catalase 
which is the main regulator of hydrogen peroxide metabolism, I believe that this 
strongly argues against the hemolysis of RBCs with 0.0375% IV infusions of H2O2 
with oxidative therapy. 
 
9.9.4  Acatalasemic Erythrocytes Treated with Low and High Dose H2O2 

 
In 1952, Takahara reported that Japanese acatalasemia (catalase deficiency) patients 
suffered from progressive oral gangrene (Takahara disease) as a result of being infected 
with hydrogen peroxide-generating bacteria (Takahara, S. (1952) Lancet 263, 1101–
1104).  
 
Subsequently, Swiss and Hungarian acatalasemia-afflicted people were reported, but they 
did not evidently suffer from the symptomatic features of the disease (Eaton, J. W., and 
Ma, M. (1995) The Metabolic and Molecular Bases of Inherited Disease (Scriver, C. R, 
Beaudet, A. L., Sly, W. S., and Valle, D., eds), Vol. 2, pp. 2371–2383, McGraw-Hill, 
New York, NY).  
 
The residual catalase (EC 1.11.1.6 ) activity in Swiss and Hungarian acatalasemic 
erythrocytes was found to be higher than in the erythrocytes from the Japanese. Ogata et 
al. (Ogata, M., Sadamoto, M., and Takahara, S. (1966) Proc. Jpn. Acad. 42, 828–832) 

suggested the catalase deficiency in the blood to be the etiological cause of the disease. 
Masuoka et al became interested in the scavenging of hydrogen peroxide in erythrocytes 
to understand the metabolism of hydrogen peroxide in acatalasemic erythrocytes. The 
hydrogen peroxide scavenging rates in normal and acatalasemic mouse and human 
erythrocytes were examined. It was found that hydrogen peroxide was dominantly 
scavenged by hemoglobin in hemolysates of acatalasemic erythrocytes. The scavenging 
rate was enhanced in the presence of reduced pyridine nucleotides (NAD(P)H) or ascorbic 
acid (AsA).  
 

Masuoka et al examined the effects of hydrogen peroxide on erythrocytes. Although the 
protein leakage from normal erythrocytes was hardly observed 30 min after the addition 
of 0.1 mM hydrogen peroxide, the protein leakage from the acatalasemic erythrocytes was 
severe. Surprisingly, with the addition of a higher concentration of hydrogen peroxide, 
protein leakage from the acatalasemic erythrocytes was reduced, and the erythrocytes 
immediately became insoluble in water in the presence of more than 0.5 mM

 hydrogen 
peroxide. On the other hand, normal erythrocytes treated with hydrogen peroxide 



exhibited only mild hemolysis. These results indicate that acatalasemic erythrocytes are 
easily distinguishable from normal erythrocytes after the addition of hydrogen peroxide 
(Characterization of Acatalasemic Erythrocytes Treated with Low and High Dose 
Hydrogen Peroxide. Noriyoshi Masuoka et al. J. Biol. Chem., Vol. 281, Issue 31, 21728-
21734, August 4, 2006). 
 
9.9.5  Effect of hypervitaminosis A on hemolysis and lipid peroxidation in the rat 
 
Erythrocytes from rats fed large doses of Vitamin A alone, or large doses of vitamin A 
and vitamin E or diphenyl-p-phenylene diamine (DPPD) were studied for H2O2-induced 
hemolysis. The vitamin A-dosed rats were more susceptible than normal rats to H2O2-
induced hemolysis. Hemolysis was not accompanied by lipid peroxidation. The causal 
relationship between lipid peroxidation and oxidative hemolysis does not seem to be 
established, although in dietary vitamin E or selenium deficiency, such a relationship 
has been reported (Krishnamurthy, S., and J. G. Bieri. 1961. An effect of dietary 
selenium on hemolysis and lipid autoxidation of erythrocytes from vitamin E deficient 
rats. Biochem. Biophys. Res. Commun. 4: 384-387).  
 
In the present study it is shown that hemolysis can occur in the absence of lipid 
peroxidati0n his oxidative hemolysis is unrelated to lipid peroxidation 
(Effect of hypervitaminosis A on hemolysis and lipid peroxidation in the rat. V. N. R. 
Kartha and S. Krishnamurthy. Journal of Lipid Research. Volume 19, 1978. pg. 332-
334). 
 
 
9.9.6  H2O2 removal by hemoglobin 
 
Hydrogen peroxide removal rates by hemoglobin were enhanced in the presence of 
reduced pyridine nucleotides. The species which had the activity to oxidize pyridine 
nucleotides was purified from human blood and identified as hemoglobin A. Hydrogen 
peroxide removal rates by hemoglobin A without reduced pyridine nucleotides at 0.2 mM 
hydrogen peroxide were 0.87+/-0.11 micromol/s/g hemoglobin, and the removal rates 
using 0.2 mM NADH and NADPH were 2.02+/-0.20 and 1.96+/-0.31 micromol/s/g 
hemoglobin, respectively. They deduced that the removal reaction by hemoglobin 
included formations of methemoglobin and the ferryl radical and reduction of the latter 
with pyridine nucleotides. The hydrogen peroxide removal ability by hemoglobin was 
less than that by catalase but was larger than that by glutathione peroxidase-
glutathione reductase system at 0.2 mM hydrogen peroxide. Under acatalasemic 
conditions, it was suggested that NAD(P)H were important factors to prevent the 
oxidative degradation of hemoglobin (Characterization of hydrogen peroxide removal 
reaction by hemoglobin in the presence of reduced pyridine nucleotides. Masuako, N, et 
al. Biochim Biophys Acta. 2003 Jan 20;1637(1):46-54). 
 
9.9.7  SOD may produce hydroxyl radical from H2O2 
 



Cu, Zn superoxide dismutase (Cu,Zn-SOD; EC 1.15.1.1) is known to be inhibited slowly 
by H2O2. Using EPR and the spin traps 5,5-dimethyl-1-pyrroline 1-oxide (DMPO) and 
N-tert-butyl-alpha-phenylnitrone (PBN), they have shown that Cu,Zn-SOD catalyzes the 
formation of "free" .OH radicals from H2O2 in pH 7.6 bicarbonate buffer. Supporting 
evidence includes the following: (i) H2O2 and active Cu,Zn-SOD are required to yield 
significant signals from spin-trap-OH adducts. (ii) With O2-., Cu,Zn-SOD causes the 
appearance of intense resonance signals due to DMPO-OH adducts. These signals were 
inhibited strongly by catalase. (iii) With H2O2, Cu,Zn-SOD, and DMPO, radical 
scavengers formate and azide, but not ethanol, decrease DMPO-OH signals while causing 
new intense signals due to their corresponding DMPO-radical adducts. Failure of ethanol 
to quench DMPO-OH signals is discussed in light of the positively charged active 
channel of the enzyme. (iv) With PBN as a spin trap, ethanol quenches .OH radical 
signals and yields PBN-trapped hydroxyethyl radical signals. (v) Mn-SOD does not 
catalyze "free" .OH radical formation and it also exerts no effect on the signals of 
DMPO-OH adducts when added together with the Cu,Zn-SOD. The capacity of Cu,Zn-
SOD to generate "free" .OH radicals from H2O2 may in part explain the biological 
damage associated with elevated intracellular SOD activity (Copper, zinc superoxide 
dismutase catalyzes hydroxyl radical production from hydrogen peroxide. Yim M.B. et 
al. Proc Natl Acad Sci U S A. 1990 Jul;87(13):5006-10). I believe that the biological 
damage seen with elevated SOD is due to deficiency levels of H2O2. 
 
The fact that the hallowed antioxidant SOD can produce the highly oxidative 
hydroxyl radical further complicates the data and further undermines the free radi-
crap theory.  However, others have argued that SOD and H2O2 oxidize and hydroxylate 
substrates and spin traps through a peroxidase reaction with bound (.)OH not release of 
(.)OH from the enzyme (J Biol Chem. 1999 Dec 3;274(49):34576-83). 
 
9.9.8  Hydroxyl radicals are often called the "detergent" of the atmosphere 
 
Hydroxyl radicals are often called the "detergent" of the atmosphere because they 
control the atmosphere's capacity to cleanse itself of pollutants. They show that the 
reaction of electronically excited nitrogen dioxide with water can be an important source 

of tropospheric hydroxyl radicals. Using measured rate data, along with available solar 
flux and atmospheric mixing ratios, we demonstrate that the tropospheric hydroxyl 
contribution from this source can be a substantial fraction (50%) of that from the 
traditional O(1D) + H2O reaction in the boundary-layer region for high solar zenith 
angles. Inclusion of this chemistry is expected to affect modeling of urban air quality, 
where the interactions of sunlight with emitted NOx species, volatile organic compounds, 
and hydroxyl radicals are central in determining the rate of ozone formation 
(Atmospheric Hydroxyl Radical Production from Electronically Excited NO2 and H2O. 
Shuping Li, Jamie Matthews, Amitabha Sinha. Science 21 March 2008: 
Vol. 319. no. 5870, pp. 1657 - 1660).  Again, I believe that EMODs, such an the 
hydroxyl radical, effectively “clean” our bodies internally. 
 
9.9.9   10-100 µM of H2O2 known to be sublethal in human diploid fibroblasts 
 



The reactive oxygen species are known as endogenous toxic oxidant 
damaging factors in a variety of cell types, and in response, the antioxidant genes 
have been implicated in cell proliferation, senescence, immortalization, and 
tumorigenesis. The expression of manganese superoxide dismutase mRNA was shown 
to increase in most of the immortal chicken embryo fibroblast (CEF) cells tested, while 
expression of catalase mRNA appeared to be dramatically decreased in all immortal CEF 
cells compared to their primary counterparts. The expression of copper-zinc superoxide 
dismutase mRNA was shown to increase slightly in some immortal CEF cells. The 
glutathione peroxidase expressed relatively similar levels in both primary and immortal 
CEF cells. As primary and immortal DF-1 CEF cells were treated with 10-100 microM 
of hydrogen peroxide (concentrations known to be sublethal in human diploid 
fibroblasts), immortal DF-1 CEF cells were shown to be more sensitive to hydrogen 
peroxide, and total cell numbers were dramatically reduced when compared with primary 
cell counterparts (Necrotic cell death by hydrogen peroxide in immortal DF-1 chicken 
embryo fibroblast cells expressing deregulated MnSOD and catalase. Kim, H. et al. 
Biochim Biophys Acta. 2001 Aug 22;1540(2):137-46). 
 
 
 
10.0.0  Cancer kill 
 
 
 

Overall, humans appear to accept death 
as they near their inescapable fate. 

It appears that after enduring the travails of Job, 
their demise is not nearly as distasteful, 

as during their times of youthful indiscretions. 
Whilst multiple organs increasingly dysfunction, 

the eternal respite 
is increasingly palatable. 

Naked you came and naked 
Ye’ shall return, 

but I will take my knowledge with me. 
In the vernacular of 21st century youth,  

“Holy Moley, Dude,  
it kinda’ sounds like 

“Death is a dead certainty.” 
R. M. Howes, M.D., Ph.D. 

9/23/07 
 
 



 
 

 

 

10.0.1  Hyperthermia may kill cancer cells via H2O2 

Regional hyperthermia has potential for human cancer treatment, particularly in 
combination with systemic chemotherapy or radiotherapy. The mechanisms involved 
in heat-induced cell killing are currently unknown. Hyperthermia may increase oxidative 
stress in cells, and thus, oxidative stress could have a role in the mechanism of cell death. 
We use hydrogen peroxide as a model oxidant to improve understanding of interactions 
between heat and oxidative stress. Heat increased cytotoxicity of hydrogen peroxide in 
Chinese hamster ovary cells. These findings are relevant to mechanisms of cell killing at 
elevated temperatures and suggest the involvement of oxidative stress (Enhancement of 
cytotoxicity of hydrogen peroxide by hyperthermia in chinese hamster ovary cells: role of 
antioxidant defenses. Lord-Fontaine, S. et al. Arch Biochem Biophys. 1999 Mar 
15;363(2):283-95). 
 
10.0.2  Chronic lymphocytic leukemia cells killed by EMODs 

Chronic lymphocytic leukemia (CLL) cells are long lived in vivo but undergo 
spontaneous apoptosis when cultured in vitro. Intriguingly, CLL cells also appear to have 
a specific susceptibility to oxidative stress - a potent inducer of apoptosis. They show that 
serum albumin can function as a cytoprotective antioxidant of potential relevance to 
circulating CLL cells, and that autocrine catalase - a hydrogen peroxide-inactivating 
enzyme that may be released extracellularly - can perform a similar role under the 
crowded conditions that prevail at sites of tissue involvement. Albumin lowered 
oxidative stress in cultured CLL cells and inhibited spontaneous and reactive 
oxidant-induced apoptosis. Maximal effects were observed at a concentration of 10 
mg/ml - fourfold lower than that in plasma and twofold higher than that in standard 
culture medium containing 10% fetal calf serum. Oxidative stress and spontaneous 
apoptosis were also decreased by cell crowding and by conditioned medium (CM) from 
crowded CLL cells, indicating that these processes were subject to autocrine regulation. 
CLL cells were found to express catalase and release enzyme activity into the culture 
medium. Exogenous catalase decreased oxidative stress and spontaneous apoptosis, and 
the anti-apoptotic effect of CM from crowded CLL cells was abrogated by the specific 
catalase inhibitor, 3'-amino-1,2,4-triazole. Together, these data strongly implicate 
autocrine catalase as a cytoprotective antioxidant. Oxidative stress in CLL cells was 
greatly diminished by ruthenium red - an inhibitor of mitochondrial reactive oxidant 
production - and by the glutathione (GSH) precursor N-acetylcysteine, suggesting that the 
GSH peroxidase antioxidant system may be compromised by lack of available substrate. 
Our findings highlight the importance of endogenous reactive oxidants in regulating 
CLL-cell apoptosis, and help to explain why CLL cells survive for prolonged periods in 
vivo despite their vulnerability to oxidative stress and spontaneous apoptosis when 
cultured in vitro (Cytoprotective antioxidant activity of serum albumin and autocrine 
catalase in chronic lymphocytic leukaemia. Moran, E. C. et al. Br J Haematol. 2002 
Feb;116(2):316-28), I believe that this clearly indicates that antioxidants protect 
tumor cells for EMOD-induced apoptosis. 



 

 

During wound healing, the transition from granulation to scar tissue shows a decrease in 
myofibroblast cellularity (apoptosis). Previous results have correlated the disappearance 
of these cells with the induction of apoptotic cell death by some unknown stimuli. In 
contrast, hypertrophic scar appearance after wound healing is thought to be linked 
to a disorder of apoptotic function which induces myofibroblast persistence in 
granulation tissue. Oxidative stress is an important mediator of apoptosis. They evaluated 
the apoptotic response of normal and pathological wound myofibroblasts (WMyo and 
HMyo respectively) in their interaction with two oxidative stress inducers: hydrogen 
peroxide, using a high concentration as a single dose, and sodium ascorbate which 
induced a continuous release of H2O2 at a low concentration (Sensitivity of 
myofibroblasts to H2O2-mediated apoptosis and their antioxidant cell network. J Cell 
Physiol. 2004 Aug; 200(2):263-71). 
 
Yet, vitamin C is a well known antioxidant whose precise role in protecting cells from 
oxidative challenge is uncertain. In vitro results have been confounded by pro-oxidant 
effects of ascorbic acid and an overlapping role of glutathione. 
 
10.0.3  MnSOD overexpression decreases tumor growth and metastatic potential 

Manganese superoxide dismutase (MnSOD) activity is generally lower in cancer cells 
when compared with their normal cell counterparts. Many studies have shown that 
replacing the diminished MnSOD activity leads to inhibition of the malignant phenotype. 
We sought to overexpress MnSOD in a chemically transformed, malignant rat cell line 
with low endogenous MnSOD activity to determine the effect on the malignant 
phenotype. After MnSOD cDNA transfection, clonal populations were characterized at 
the molecular level for protein, RNA, and DNA, as well as for in vitro and in vivo growth 
and in vivo lung metastasis. MnSOD transfectants, which both under- and overexpressed 
MnSOD protein, were identified. These transfectants demonstrated variations in 
glutathione peroxidase and catalase activity levels, indicating differences in peroxide-
generating versus peroxide-metabolizing enzymes (antioxidant imbalance); these 
differences were suggestive of alterations in their abilities to metabolize peroxide when 
compared with the parental cell line. In addition, these transfectants 
demonstrated reductions in both in vitro and in vivo growth, as well as a 
reduction in metastatic potential, which correlated with antioxidant imbalance. 
These results suggest that the tumor suppressive effect of MnSOD overexpression is in 
part mediated by an antioxidant imbalance resulting in the reduced capacity to metabolize 
increased levels of intracellular peroxides (Tumor Suppressive Effects of MnSOD 
Overexpression May Involve Imbalance in Peroxide Generation Versus Peroxide 
Removal. Lisa A. Ridnour. Antioxidants & Redox Signaling. Jun 2004, Vol. 6, No. 3: 
501-512). I believe that these results indicate that overexpression of SOD results in 
increased generation of H2O2 and subsequent tumoricidal activity. 
 
10.0.4  EMODs and the reproductive system 
 



Some of the following material was excerpted, abstracted or modified from: Fundamental 
roles of reactive oxygen species and protective mechanisms in the female reproductive 
system. Junichi Fujii, Yoshihito Iuchi and Futoshi Okada. Reproductive Biology and 
Endocrinology 2005, 3:43. 
 
The reproductive system utilizes ROS in some processes that are essential for 
reproduction. 
 
Homozygous SOD2-deficient mice suffer severe cardiovascular damage and die soon 
after birth (Li Y, Huang TT, Carlson EJ, Melov S, Ursell PC, Olson JL, Noble LJ, 
Yoshimura MP, Berger C, Chan PH, Wallace DC, Epstein CJ: Dilated cardiomyopathy 
and neonatal lethality in mutant mice lacking manganese superoxide dismutase. Nat 
Genet 1995, 11:376-381). I believe that this is due to insufficient peroxide synthesis 
by SOD. 
 
Although no abnormality in the genital tract has been reported for heterozygous mice, 
transgenic male mice that express higher levels of Mn-SOD are infertile but the 
mechanism for this is unknown (Raineri I, Carlson EJ, Gacayan R, Carra S, Oberley TD, 
Huang TT, Epstein CJ: Strain-dependent high-level expression of a transgene for 
manganese superoxide dismutase is associated with growth retardation and decreased 
fertility. Free Radic Biol Med 2001, 31:1018-1030). 
 
EC-SOD is present at high levels in the epididymis as well as the lung (Mruk DD, 
Silvestrini B, Mo MY, Cheng CY: Antioxidant superoxide dismutase – a review: its 
function, regulation in the testis, and role in male fertility. Contraception 2002, 65:305-
311).  
 
EC-SOD is also localized in the nuclei in the seminiferous tubules of the testis. 
 
Oxidation reactions, in conjunction with the appropriate redox system, also exert 
beneficial roles. One of the most striking functions is sulfoxidation in sperm nuclei 
during their maturation. While ROS easily damages DNA, the regulated oxidation 
of sulfhydryls to disulfide in protamines is required for sperm 
maturation in the epididymis (Perreault SD, Naish SJ, Zirkin BR: The timing of 
hamster sperm nuclear decondensation and male pronucleus formation is related to sperm 
nuclear disulfide bond content. Biol Reprod 1987, 36:239-244).  
 
The regulated sulfoxidation plays a role in the correct packaging of the nucleus into the 
small sperm head and resistance to ROS during the fertilization process, GPX3 and 
GPX4 present in the epididymal fluid may be responsible for the reduction of 
coincidently produced peroxides (Fouchecourt S, Metayer S, Locatelli A, Dacheux F, 
Dacheux JL: Stallion epididymal fluid proteome: qualitative and quantitative 
characterization; secretion and dynamic changes of major proteins. Biol Reprod 2000, 
62:1790-1803).  
 



Peri-hatching blastocysts generate a considerably large amount of ROS for an extremely 
short period of time when compared to unhatched and hatched blastocysts (Thomas M, 
Jain S, Kumar GP, Laloraya M: A programmed oxyradical burst causes hatching of 
mouse blastocysts. J Cell Sci 1997, 110:1597-1602).  
 
Despite the potential importance of SOD1, knockout mice are born and 
grow normally. The most striking phenotype is the infertility of the SOD1-deficient 
female (Matzuk MM, Dionne L, Guo Q, Kumar TR, Lebovitz RM: Ovarian function in 
superoxide dismutase 1 and 2 knockout mice. 
Endocrinology 1998, 139:4008-4011).  
 
In spite of a precise examination, the actual cause of embryonic lethality is unknown. 
Although both homozygous and heterozygous embryos grow normally in heterozygous 
females, both embryos die in homo-knockout females. This suggests the cause can be 
attributed to a maternal factor. Other groups have reported defects in ovary function in 
homo-knockout mice. 
 
10.0.5  EMODs and cancer killing 

Some of the following material was excerpted, abstracted or modified from: 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. 

The traditional view of intracellular oxidation–reduction, or redox, balance in epithelial 
cells, which is more than three decades old, emphasizes a dynamic equilibrium between 
the production of reactive oxygen species (ROS; these include superoxide anion, O2

–; 
hydrogen peroxide, H2O2; and chemical species with the characteristics of the hydroxyl 
radical, OH) by a variety of flavin dehydrogenases that occupy essentially every cellular 

compartment, and the detoxification of these species by a broad range of antioxidant 
enzymes and related small molecules. ROS are produced by the mitochondrial electron 
transport chain during the course of cellular respiration, by cytochrome P450–related 

components of microsomes, and, in many human tumors, by the recently described family 
of membrane-bound NADPH oxidases that possess a high degree of homology with 
components of the NADPH oxidase system of polymorphonuclear leukocytes and 
macrophages. ROS are detoxified by a complex and interactive series of proteins and 
small molecules—including members of the superoxide dismutase, glutathione 
peroxidase, and peroxiredoxin gene families, as well as catalase—that ultimately reduce 

O2
– and H2O2 (or lipid peroxides) to nontoxic species, such as lipid alcohols or water.  

In this perspective, ROS are toxic by-products of "normal" cell growth and metabolism 
that contribute to the production of oxidized DNA base lesions in both the nucleus and 
mitochondrion. These DNA lesions increase in frequency with age, are mutagenic if not 
repaired, and may contribute to the senescent phenotype. Similarly, pathologic "oxidant 
stress," which is 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.  

Until recently, reactive oxygen metabolism was seen as synonymous with the potential 
for the development of tissue injury. Reactive oxygen formation was associated many 
years ago with the cardiac toxicity of the anthracycline antibiotics and the site-specific 

oxidative metabolism of these drugs in cardiac sarcoplasmic reticulum and mitochondria. 
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. 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.  

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).  

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).  

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 (Nargi JL, Ratan RR, 
Griffin DE. p53-independent inhibition of proliferation and p21(WAF1/Cip1)-modulated 
induction of cell death by the antioxidants N-acetylcysteine and vitamin E. Neoplasia 
1999;1:544–56) (Kang J, Chen J, Zhang D, Da W, Ou Y. Synergistic killing of human 
leukemia cells by antioxidants and trichostatin A. Cancer Chemother Pharmacol 
2004;54:537–45) (Sekharam M, Trotti A, Cunnick JM, Wu J. Suppression of fibroblast 
cell cycle progression in G1 phase by N-acetylcysteine. Toxicol Appl Pharmacol 
1998;149:210–6) (Chinery R, Brockman JA, Peeler MO, Shyr Y, Beauchamp RD, Coffey 
RJ. Antioxidants enhance the cytotoxicity of chemotherapeutic agents in colorectal 
cancer: a p53-independent induction of p21WAF1/CIP1 via C/EBPbeta. Nat Med 
1997;3:1233–41).  

In light of our evolving understanding of the role of ROS in tumor cells, there are at least 
three perspectives from which to evaluate the work of Alexandre et al. in this issue of the 

Journal (Alexandre J, Nicco C, Chéreau C, Laurent A, Weill B, Goldwasser F, Batteux F. 
Improvement of the therapeutic index of anticancer drugs by the superoxide dismutase 
mimic mangafodipir. J Natl Cancer Inst 2006;98:236–44).  

The first perspective is the traditional understanding of oxidant stress as a precursor to 
tissue injury, which involves the complex interaction of free radical production, 
detoxification, and repair of radical damage.  

The second perspective is the view of ROS as critical messengers of signal transduction 
that play an essential role in tumor cell proliferation or in the maintenance of genomic 
instability, which facilitates growth (Nathan C. Specificity of a third kind: reactive 
oxygen and nitrogen intermediates in cell signaling. J Clin Invest 2003;111:769–78). I 
believe that the absence of EMODs leads to cellular proliferation; whereas, high 
EMOD levels lead to apoptosis. 

The third, evolving perspective is the view of ROS as secondary "death markers" for 
cells that are in the process of committing to apoptotic or necrotic pathways following a 

toxic insult (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).  

Alexandre et al. extended their prior observation that mangafodipir, a contrast agent 
used clinically for magnetic resonance imaging, possesses antioxidant (specifically, O2

–- 

and H2O2-detoxifying) properties, to evaluate the role of ROS in the therapeutic activity 
and toxicity of oxaliplatin, paclitaxel, and 5-fluorouracil. They examined the effect of 
mangafodipir on the growth-inhibiting properties of these chemotherapeutic agents 
against mouse colon cancer cells and on their hematologic toxicity in the mouse, as well 



as their toxic effects against human leukocytes in vitro. The strongest portion of the work 

demonstrates that mangafodipir is protective against the hematologic toxicity of 
paclitaxel in a murine model. Two other well-known chemicals, MnTBAP and 
CuDIPS—which, like mangafodipir, have superoxide dismutase–like activity (that 
is, the ability to catalyze the reduction of O2

– to H2O2) but, unlike mangafodipir, lack 
known effects on H2O2—were ineffective in the same model.  

The glutathione precursor N-acetylcysteine (NAC), which can function directly in the 
detoxification of H2O2 and as a thiol donor to protect critical sulfhydryl groups 

throughout the cell, also prevented the hematologic toxicity of paclitaxel. On the other 
hand, mangafodipir, but not NAC or MnTBAP or CuDIPS, appeared to improve the 
therapeutic activity of paclitaxel against CT26 mouse colon cancer cells in vivo. 
Mangafodipir and NAC, but not MnTBAP or CuDIPS, also protected normal leukocytes 
from the toxic effects of oxaliplatin and 5-fluorouracil in vitro. Alexandre et al.'s results 
are of interest primarily because they suggest that at least some of the toxic effects of 
secondary ROS production following prolonged exposure to chemotherapeutic agents can 
be ameliorated. Because mangafodipir has been used clinically as a contrast agent, this 
drug might be appropriate for study as a chemoprotective compound in human trials.  

However, 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, as was confirmed in the present paper, NAC itself has profound 

antiproliferative effects across a wide spectrum of tumor cell types. Furthermore, 
other thiol-containing antioxidants have been shown to dramatically enhance the 
therapeutic activity of 5-fluorouracil in vivo.  

These antitumor effects may well be due to the ability of antioxidants to interfere with the 
critical growth factor–dependent oxidant proliferation pathways outlined above.  

Thus, depending on the model system, therapeutic benefit may arise either by 
increasing reactive oxygen production in tumors, as suggested by the 
work of Alexandre et al., or by decreasing the intracellular reactive oxygen levels 

required by a variety of signal transduction pathways essential for tumor cell replication. 
Also, although the in vivo results in this study seem clear, the data regarding both the 
protective effects of mangafodipir in leukocytes in vitro and the enhancement of ROS 
production in drug-treated tumor cells by mangafodipir are less compelling because the 
concentrations of paclitaxel, oxaliplatin, and 5-fluorouracil used for these experiments 
were far in excess of those achieved in routine clinical practice.  



10.1.0 Parasites killed by EMODs 

10.1.1      Malaria killed by H2O2 

The murine malaria parasite Plasmodium yoelii was killed in vitro when incubated with 
glucose and glucose oxidase, a system generating hydrogen peroxide, or with xanthine 
and xanthine oxidase, a system which produces the superoxide anion and subsequently 
other products of the oxidative burst. Catalase blocked the killing in both cases; 
superoxide dismutase and scavengers of hydroxyl radicals or singlet oxygen were 
ineffective in the xanthine oxidase system. Thus, hydrogen peroxide appears to 
be the main reactive oxygen species killing P. yoelii. (Killing of Plasmodium 
yoelii by enzyme-induced products of the oxidative burst. Dockrek H. M. and Playfair, 
JH. Infect Immun. 1984 Feb;43(2):451-6). 
 
10.1.2      Artemisinin endoperoxide-bridge needed for antimalarial activity 
 
Elucidation of the principal targets of the action of the antimalarial drug artemisinin is an 
ongoing pursuit that is important for understanding the action of this drug and for the 
development of more potent analogues. We have examined the chemical reaction of Hb 
with artemisinin. Malaria, one of the commonest diseases in tropical countries, is 
responsible for more than 1 million deaths worldwide each year. Widespread resistance 
of Plasmodium falciparum to quinoline-based drugs has made the disease situation 
difficult to manage in endemic malaria areas. In spite of serious efforts, a successful 
malaria vaccine has remained a distant dream, and therefore development of new 
antimalarials is crucial to the control and management of the disease (Reaction of 
artemisinin with haemoglobin: implications for antimalarial activity. Rangiah Kannan et 
al. Biochem J. 2005 January 15; 385(Pt 2): 409–418). 
 
During the blood stages, the malaria parasite utilizes host Hb as a major source of amino 
acids for its own protein synthesis. However, the degradation of Hb in the food vacuole is 
accompanied by the release of free heme, which is extremely toxic to the parasite. There 
is concomitant production of superoxide anion; this dismutates to H2O2 with almost 
∼15 mmol/litre H2O2 being produced, resulting in exposure of the parasites to high 
fluxes of reactive oxygen species (Hunt, N. H.; Stocker, R. Oxidative stress and the redox 
status of malaria-infected erythrocytes. Blood Cells. 1990;16:499–526). The malaria 
parasite, which lacks haem oxygenase enzymes, averts the toxicity of the liberated haem 
mostly by converting it into haemozoin or malarial pigment.  
 
Artemisinin and its derivatives are effective against multidrug-resistant P. falciparum 
strains, and have been in use for more than two decades, mainly in Southeast Asia and 
more recently in Africa, without any reported cases of resistance. Artemisinins owe 
their antimalarial activity to the presence of an endoperoxide bridge, since 
deoxyartemisinin, which lacks the bridge, is devoid of antimalarial activity (Klayman, 
D. L. Qinghaosu (artemisinin): an antimalarial drug from China. Science. 
1985;228:1049–1055).  
 



The infected red blood cells, with extensive modifications in the plasma membrane, 
facilitate the active uptake of artemisinin into the food vacuole, creating a nanmolar to 
micromolar concentration gradient across the food vacuole membrane. Several studies 
have suggested that the heme-promoted cleavage of the peroxide in artemisinin, 
leading to the formation of C-radicals which alkylate some proteins of the malaria 
parasite, also contributes to its antimalarial action (Asawamahasakda W., Ittarat I., Pu 
Y.-M., Ziffer H., Meshnick S. R. Reaction of antimalarial endoperoxides with specific 
parasite proteins. Antimicrob. Agents Chemother. 1994;38:1854–1858). 

10.1.3      Microfilariae killed by H2O2 and singlet oxygen 

The toxicity of the active oxygen species hydrogen peroxide, superoxide radical, 
hydroxyl radical and singlet oxygen to microfilariae (mf) has been studied in vitro, using 
active oxygen-generating systems and scavengers/inhibitors. Mf viability was monitored 
by uptake of the radiolabel, [3H]2-deoxy-D-glucose. Hydrogen peroxide and 
singlet oxygen, but not superoxide radical or hydroxyl radical, are toxic 
for mf. Hydrogen peroxide was toxic for mf within 2 h at concentrations as low as 5 
microM, an amount eosinophils have been shown to release in vitro (Weiss et al. 
1986). Catalase and thiourea, but not inactivated catalase, superoxide dismutase 
(SOD), singlet oxygen scavengers, or hydroxyl radical scavengers, protected mf. Mf 
have relatively high levels of endogenous SOD but no measurable glutathione peroxidase 
and low levels of catalase when compared with other parasites (Callahan, Crouch & 
James, 1988). The low levels of hydrogen peroxide-scavenging enzymes correlate well 
with mf sensitivity to hydrogen peroxide and the protective effect of exogenous catalase 
(Hydrogen peroxide is the most toxic oxygen species for Onchocerca cervicalis 
microfilariae. Callahan, H. L. et al. Parasitology. 1990 Jun;100 Pt 3:407-15). Again, 
these data indicate potential harm caused by antioxidants which would block the 
ability of EMODs to kill pathogens. 
 

 
10.1.4      Leishmania susceptible to H2O2  

Leishmania chagasi, the cause of South American visceral leishmaniasis, must survive 
despite exposure to the toxic oxidant hydrogen peroxide (H2O2) during phagocytosis by 
macrophages. They investigated the mechanism of H2O2 toxicity for L. donovani chagasi 
promastigotes, and factors responsible for their relative H2O2 resistance. There was a 
dose-dependent toxic effect of H2O2 for promastigotes isolated during logarithmic 
phase of growth. In contrast, stationary phase promastigotes were less susceptible to 
H2O2 toxicity, and more infectious for BALB/c mice. By spin trapping we found that 
hydroxyl radical (.OH) was generated after exposure of promastigotes to H2O2, and the 
amount of .OH was greater with log-phase than with stationary-phase promastigotes. .OH 
was generated after the addition of H2O2 to the cytosol but not the membranes of 
fractionated promastigotes, and the magnitude of .OH was greater in log than in 
stationary promastigote cytosol. Deferoxamine inhibition suggested that intracellular 
promastigote iron catalyzes .OH formation via the Fenton reaction. Furthermore, 
exposure of log-phase promastigotes to heat shock induced a relative H2O2-resistant state, 
which was not associated with a decrease in .OH formation but which required ongoing 



transcription. Thus, growth to stationary phase and heat shock both induce a state of 
relative H2O2 resistance, but these are probably due to different resistance mechanisms 
(Hydrogen peroxide-mediated toxicity for Leishmania donovani chagasi promastigotes. 
Role of hydroxyl radical and protection by heat shock. Zarley, J.H. et al. J Clin Invest. 
1991 Nov;88(5):1511-21). 
 

 

10.2.0  Breast cancer cell metastasis may be modulated by H2O2 

Hydrogen peroxide was produced as a by-product of LOX activity and the removal of 
hydrogen peroxide by catalase treatment in invasive breast cancer cells led to a dose-
dependent loss in Src activation. These results suggest that LOX facilitates migration and 
cell-matrix adhesion formation in invasive breast cancer cells through a hydrogen 
peroxide–mediated mechanism involving the FAK/Src signaling pathway. These data 

show the need to target LOX for treatment of aggressive breast cancer. (Cancer Res 2005; 
65(24): 11429-36) 

10.2.1  EMODs may regulate normal cerebral vascular tone 

Reactive oxygen species have multiple effects on vascular cells. Defining the sources and 
the impact of the various reactive oxygen species within the vessel wall has emerged as a 
major area of study in vascular biology. Although higher concentrations may be 
important for cerebral vascular biology in disease, relatively low concentrations of 
reactive oxygen species may function as signaling molecules involved 
with normal regulation of cerebral vascular tone (Reactive oxygen species: 
influence on cerebral vascular tone. Frank M. Faraci. J Appl Physiol 100: 739-743, 
2006). 

Recent studies suggest that the superoxide generating enzyme NADPH oxidase may play 
a functional role in regulating cerebral vascular tone. Investigators tested whether the 
activity, function, and expression of NADPH oxidase differs between rat cerebral and 

systemic arteries. Superoxide production (basal or in response to NADPH or angiotensin 
II) in the intracranial arteries, BA, and MCA was 10- to 100-fold greater than in AO, CA, 
RA, or MA. Similar results were found using either intact vessels or arterial 
homogenates, and were associated with 10-fold greater expression of Nox4 in the BA 
versus AO, CA, and MA. Superoxide production was attenuated by the NADPH oxidase 
inhibitors, diphenyleneiodonium, apocynin, and gp91ds-tat. NADPH and H2O2 were 
strong relaxing stimuli in the BA, where the H2O2 scavenger catalase, as well as 
apocynin, attenuated these relaxations and also augmented contractions to angiotensin II. 
NADPH oxidase activity is markedly higher in intracranial versus systemic arteries, in 
association with higher Nox4 expression. In cerebral arteries, endogenous H2O2

 derived 
from NADPH oxidase activation appears to cause relaxation and is able to offset 
angiotensin II-induced constriction. These data are consistent with the concept that 
NADPH oxidase-derived reactive oxygen species modulate cerebral vascular tone 
under physiological conditions. (Profoundly Greater in Cerebral Versus Systemic 
Arteries. Alyson A. Miller, Grant R. Drummond, Harald H.H.W. Schmidt, Christopher 



G. Sobey. Circulation Research. 2005;97:1055). Again, this illustrates the profound 
importance of H2O2 in normal cerebral vascular functioning. 
 
10.2.2  Hyperoxia increases immune collectins to fight microorganisms 

Collectins belong to the super family of mammalian C-type lectins, and are believed to be 
involved in innate defense systems. The following eight collectins have been identified so 
far: mannan-binding lectin (MBL), surfactant protein A (SP-A), surfactant protein D (SP-
D), collectin liver 1 (CL-L1), collectin placenta 1 (CL-P1), conglutinin, collectin of 43 
kDa (CL-43) and collectin of 46 kDa (CL-46). As part of the innate immune system, 
collectins have a key role in the first line of defense against invading microorganisms, as 
demonstrated by elegant experiments with genetically manipulated mice made deficient 
in MBL, SP-A or SP-D, which show increased susceptibility to bacterial and viral 

infections (Collectins. Players of the innate immune system . J. Koenraad van de 
Wetering, Lambert M. G. van Golde and Joseph J. Batenburg. Eur. J. Biochem. 271, 
1229-1249 (2004).  
 

 

Interestingly, hyperoxia also induces an increase in SP-A and SP-D concentrations in the 
alveolar compartment (White, C.W., Greene, K.E., Allen, C.B. & Shannon, J.M. (2001) 
Elevated expression of surfactant proteins in newborn rats during adaptation to 
hyperoxia. Am. J. Respir. Cell Mol. Biol. 25, 51–59).  

As damaged epithelium is more susceptible to infection, this might represent a 
mechanism by which oxygen-damaged alveolar epithelium protects itself against the 
increased susceptibility to invading microorganisms. 

10.2.3   Effect of multivitamins on immune system 
 
A study looked at the effect of regular intake of low doses of a multivitamin on the free-
radical-producing activity of peritoneal (membrane of abdomen) macrophages under 
conditions resembling a possible infection in vitro. (Macrophages are long-lived cells 
that engulf bacteria, protozoa, and tumor cells, and stimulate other cells of the 
immune system.) For two weeks mice were fed a basic diet, with or without 
supplementation of a multivitamin. Multivitamin supplementation increased the 
number and activity of macrophages. (RMH Note: How can the antioxidants 
increase the activity of macrophages and still lower EMOD levels?)This effect 
persisted for two weeks after higher doses of supplementation were stopped. 
Multivitamin supplementation lowered the steady-state free radical concentrations of the 
liver and spleen and increased their antioxidant reactivity. Thus, when taken regularly, 
low doses of multivitamin supplementation may have a beneficial effect on the body's 
immune system (British Journal of Nutrition 2002;87(5):501-8).  I believe that this 
indicates that the antioxidant vitamins inactivated some of the EMODs and the 
body had to counter this effect by producing more macrophages and macrophages 
with greater activity. 

10.2.4  NO blocks H2O2 by inducing catalase formation 



Yoshioka investigated the cytoprotective effect of NO on H2O2-induced cell death in 
mouse macrophage-like cell line RAW264. H2O2-treated cells showed apoptotic features, 
such as activation of caspase-9 and caspase-3, nuclear fragmentation, and DNA 
fragmentation. These results indicate that NO at a low concentration protects 
macrophages from H2O2-induced apoptosis by inducing the production of catalase 
(Nitric Oxide Protects Macrophages from Hydrogen Peroxide-Induced Apoptosis by 
Inducing the Formation of Catalase. Yasuhiro Yoshioka, Tatsuya Kitao, Takashi Kishino, 
Akiko Yamamuro and Sadaaki Maeda. The Journal of Immunology, 2006, 176: 4675-
4681). 

10.2.5  Antioxidants do not block cigarette smoke effects 

Cigarette smoke causes significant oxidant stress which is further enhanced by 
recruitment and activation of inflammatory cells to the lung. Polymorphisms in some 
detoxification enzymes are thought to increase the risk of developing chronic obstructive 

pulmonary disease (COPD), but the ultimate role of genetic variability in antioxidant 
and/or detoxification enzymes in COPD remains obscure. Some antioxidant enzymes are 
inducted, but the extent of induction is insufficient to protect the lung/alveolar epithelium 

against cigarette smoke. Exogenous antioxidants such as vitamins do not seem to 
protect against cigarette smoke related lung injury. Glutathione related synthetic 
drugs such as N-acetylcysteine have shown some benefits, but they may have pro-
oxidant side effects. Synthetic compounds with superoxide dismutase and catalase 

activities have shown promising results in animal models against a variety of oxidant 
exposures including cigarette smoke in the lung (Focus on antioxidant enzymes and 
antioxidant strategies in smoking related airway diseases. V L Kinnula. Thorax 
2005;60:693-700). 
 
10.2.6  Nicotine suppresses oxidative burst  
 
Now new research published in the open access April 2008 issue of the journal BMC Cell 
Biology shows that nicotine affects neutrophils, the short-lived white blood cells that 
defend against infection, by reducing their ability to seek and destroy bacteria.  
 
Neutrophils are generated by our bone marrow, which they leave as terminally 
differentiated cells. Although nicotine is known to affect neutrophils, there has been no 
study until now of the mechanisms at work when nicotine is present during neutrophil 
differentiation. David Scott from the Oral Health and Systemic Disease Research Group 
at the University of Louisville School of Dentistry, Kentucky, USA, along with a team of 
international colleagues decided to investigate how nicotine influenced the differentiation 
process.  
 
The authors suggest the processes they observed as contributing to impaired 
neutrophil function partially explain chronic tobacco users' increased susceptibility 
to bacterial infection and inflammatory diseases. A better understanding of this 
relationship could pave the way for specific therapeutic strategies to treat a number of 
important tobacco-associated inflammatory diseases and conditions. The team modeled 



the neutrophil differentiation process beginning with promyelocytic HL-60 cells, which 
differentiated into neutrophils following dimethylsulfoxide (DMSO) treatment both with 
and without nicotine. The researchers found that nicotine increased the percentage of 
cells in late differentiation phases (metamyelocytes, banded neutrophils and segmented 
neutrophils) compared to DMSO alone, but did not affect other neutrophil differentiation 
markers that they examined.  
 
However, the nicotine treated neutrophils were less able to seek and destroy bacteria than 
nicotine-free neutrophils. The nicotine suppressed the oxidative burst in HL-
60 cells, a function that helps kill invading bacteria. Nicotine also increased 
MMP-9 release, a factor involved in tissue degradation.  
 
"It must be acknowledged that our study model, DMSO-differentiated HL-60 cells, are 
not entirely similar to normal neutrophils," says Scott. "However, this leukemic human 
cell line does permit the reproducible study of differentiation while retaining many of the 
key effector functions of primary neutrophils."  
 
(The influence of nicotine on granulocytic differentiation - inhibition of the oxidative 
burst and bacterial killing and increased matrix metalloproteinase-9 release 
Minqi Xu, James E. Scott, Kan-Zhi Liu, Hannah R. Bishop, Diane E. Renaud, Richard 
M. Palmer, Abdel Soussi-Gounni, and David A. Scott. 
BMC Cell Biology (in press).  I believe that the suppression of the oxidative burst, in 
combination with the effects of carbon monoxide, account for the increased 
association of diseases in smokers and coexistence or clustering of diseases, ROSI 
syndrome. 

10.3.0   HYPERBARIC OXYGEN IN DIABETES 

Some of the following material was excerpted, abstracted or modified from:  Hyperbaric 
Oxygen Therapy, www.emedicine.com M. Neumeister, M.D. 

Henshaw, a British clergyman, built the first sealed chamber, termed the Domicilium, in 
1662.  

Following Priestley's discovery of oxygen in the late 1700s, Beddoes developed a 
pneumatic laboratory enriched with oxygen to treat chronic conditions such as leprosy. In 
the early 1930s, the Junod reported improvement in patients with cardiorespiratory 
disorders when treated in 2 atm of pressure in a copper compression chamber. These 
early reports spawned the creation of a number of "pneumatic institutes" in Europe. 
These chambers were able to treat up to 10 people at once and reached pressures of 2 or 
more atm. Compression therapy became the "in vogue" spas of the day. Pneumatic spas 
came to North America in 1860. Corning introduced the therapeutic compression 
chamber to the US in 1891 to treat nervous and mental afflictions. 

Orville Cunningham noted 25 years later that patients with certain cardiovascular 
disorders improved when moved from high altitudes to sea-level altitudes. He 

http://www.emedicine.com/


discovered this during the Spanish flu epidemic in 1918, which resulted in more than 
500,000 deaths. Many of these victims died in a cyanotic state. Under the care of Dr 
Cunningham, a rather sick resident physician was treated in the compression chamber 
and recovered completely. Cunningham subsequently built an 88-ft long and 10-ft wide 
chamber to treat numerous patients, with remarkable success. The credibility of the 
compression chamber was reinforced during treatment of flu patients. 

In 1928, Mr Timkin, an appreciative patient whose uremic state was resolved after 
receiving hyperbaric therapies, constructed for Cunningham an enormous 60-ft tall, 6-
story hyperbaric hospital that looked like a steel sphere. Conditions such as 
hypertension, diabetes, syphilis, and cancer were treated here until 1930, when the local 
medical society closed the hyperbaric hospital for lack of scientific evidence or merit. 
After 1930, much of the medical or scientific community did not look favorably upon the 
use of hyperbaric medicine.  

A flurry of interest in therapeutic hyperbaric medicine was fostered by Dr I. Boerema, 
who, while in Amsterdam in 1956, reported hyperbaric oxygen (HBO) as an aid in 
cardiopulmonary surgery, particularly for congenital conditions such as tetralogy of 
Fallot, transposition of great vessels, and pulmonic stenosis. A colleague of Boerema's, 
W. H. Brummelkamp, also interested in hyperbaric medicine, discovered in 1959 (and 
subsequently published in 1961) that anaerobic infections were inhibited by 
hyperbaric therapy. Meanwhile, Boerema had published an article, "Life without 
blood," a report of fatally anemic pigs treated successfully with volume expansion and 
pressurized hyperoxygenation. Boerema often is credited as the father of modern-day 
hyperbaric medicine.  

In 1962, Smith and Sharp reported the enormous benefits of HBO in carbon monoxide 
poisoning. The benefits of hyperbaric medicine subsequently were observed for split-
thickness skin graft acceptance, flap survival and salvage, wound re-epithelization, and 
acute thermal burns. These studies lent credibility to the therapeutic employment of HBO 
therapy. This fostered the establishment of organized scientific congresses and societies 
such as the International Congress on Hyperbaric Oxygen and the Undersea Medical 
Society. Unfortunately, as the availability of hyperbaric medicine chambers increased, 
the indiscriminate and inappropriate use of the chamber for a variety of medical 
conditions by practitioners searching for a "cure-all" therapy resulted in a backlash from 
the scientific society, once again tarnishing the credibility of hyperbaric medicine. As a 
result, by the late 1970s, the Undersea Medical Society had formulated guidelines for the 
use of hyperbaric therapy.  

In 1989, in recognition of advances in hyperbaric treatments, the American Board of 
Medical Specialists approved a certification of added competency in Undersea Medicine. 
The National Board of Hyperbaric Medicine Technology gave its first certification to 
hyperbaric technicians in 1991. In 1986, the Undersea Medical Society changed its name 
to the Undersea and Hyperbaric Medical Society. 

10.3.1  Secondary effects of HBO  



Leukocyte oxidative killing  �  Increased oxygen free radicals  
�  Anaerobes lack superoxide dismutase to control 
oxygen free radicals  

Angiogenesis �  Increased oxygen gradient between wound and 
surrounding environment  
�  Increased fibroblast proliferation leading to increased 
collagen deposition and increased fibronectin, which aids 
in neovascularization  

Antibiotic synergy  �  Fluoroquinolones, amphotericin B, and 
aminoglycosides - Use oxygen to transport across cell 
membranes  

The application of HBO depends on the physical properties of gases under pressure, 
specifically, oxygen at pressure greater than 1 atm. Oxygen is essential in a variety of 
enzymatic, biochemical, and physiologic interactions that promote normal cellular 
respiration and tissue function. Mono-oxygenase, intradioxygenase, and 
interdioxygenase are specific enzymes that recruit oxygen as a cofactor to perform 
required biologic processes. Collagen deposition and synthesis depend on an oxygen-
dependent prolyl-hydroxylase hydroxylation of proline. Angiogenesis and 
epithelization also are oxygen dependent.  

Under normal conditions, 97.5% of oxygen is carried in the bloodstream bound to 
hemoglobin. The remaining 2.5% is dissolved in plasma. Oxygen is combined with 
hemoglobin in the bloodstream, with each gram of hemoglobin combined with 1.34 cm3 
of oxygen. This represents a physiologic maximum. Under normal conditions at sea 
level, the arterial hemoglobin saturation is 97%, and the venous hemoglobin 
saturation is 70%.  

The average metabolic consumption of oxygen by the human body at sea level is 6.6 
cm3/100 cm3 of blood. Under hyperbaric conditions of 3 atm while breathing 100% 
oxygen, the total dissolved oxygen content delivered is in excess of this metabolic 
requirement, meaning that oxygen can be supplied under these conditions even in the 
absence of hemoglobin. 

HBO treatment increases the relative dose of oxygen; thus susceptible patients need to be 
recognized and modifications made to prevent the manifestations of oxygen toxicity. 
Damaging or toxic effects of oxygen therapy likely are related to the unbridled formation 
and release of reactive oxygen species, such as superoxide, hydroxyl radical, and 
hydrogen peroxide. Superoxide dismutase, catalase, glutathione, and glutathione 
reductase keep the formation of these radicals in check until the oxygen load overwhelms 
the enzymes, leading to the detrimental affects on cell membranes, proteins, and 
enzymes. Other antioxidants used by the body include vitamins C and E, selenium, and 
glutathione.  I believe that the EMODs are responsible for the beneficial effects of HBO. 



Patients with diabetes mellitus deserve special mention. Hyperbaric therapies may 
affect glucose uptake and metabolism. The vasoconstricting effects of hyperbaric 
therapy also may impair the subcutaneous absorption of insulin, rendering the patient 
hypoglycemic.  

10.3.2  Foot wounds of patients with diabetes  

Recently, a number of randomized prospective studies demonstrated the benefit of 
hyperbaric therapy in healing foot wounds of patients with diabetes. Other 
retrospective studies demonstrated similar results.  

10.3.3  Reperfusion injuries  

The benefits of hyperbaric treatment on ischemic insults, ischemia reperfusion injuries, 
and crush injuries also have been subject to controversy. Using hyperbaric treatment 
that may increase oxygen free radicals to benefit the reperfusion injury seems 
paradoxical.  

Zamboni et al demonstrated that HBO promotes hyperoxygenation and 
vasoconstriction to decrease edema and neurovascularization and inhibits 
neutrophil activation, preventing margination, rolling, and accumulation of white 
cells. Neutrophils therefore are not permitted to produce detrimental oxygen free 
radicals (Zamboni WA, Roth AC, Russell RC, et al: Morphologic analysis of the 
microcirculation during reperfusion of ischemic skeletal muscle and the effect of 
hyperbaric oxygen. Plast Reconstr Surg 1993 May; 91(6): 1110-23).  

2004. This meta-analysis examined 4 trials involving 147 Diabetes patients who were 
treated with HBOT for chronic ulcers of the lower limb (diabetic foot ulcers, venous and 
arterial ulcers and pressure ulcers). The analysis concluded, "In people with foot ulcers 
due to diabetes, HBOT significantly reduced the risk of major amputation and may 
improve the chance of healing at 1 year.  

Compared with the placebo group, hyperbaric oxygen resulted in significant higher 
lipid peroxidation stress of the erythrocytes and resistance of erythrocytes to 
deformation in rats of the HBO2 group. Work demonstrates that hyperbaric oxygen 
treatment significantly changes the hemorheological parameters in diabetic rats (The 
influence of hyperbaric oxygen on hemorheological parameters in diabetic rats. Liu DZ, 
Chien SC, Tseng LP, Yang CB. Biorheology. 2003;40(6):605-12). 

10.3.4   HBO in the diabetic foot 

In addition to standard multidisciplinary management, HBO doubles the mean healing 
rate of nonischemic chronic foot ulcers in selected diabetic patients. (Hyperbaric 
oxygenation accelerates the healing rate of nonischemic chronic diabetic foot ulcers: a 
prospective randomized study. Kessler L, Bilbault P, Ortega F, Grasso C, Passemard R, 
Stephan D, Pinget M, Schneider F. Diabetes Care. 2003 Aug;26(8):2378-82).  
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The rationale for the use of HBO as an adjunctive treatment for the diabetic foot stems 
from its beneficial effects on the microenvironment of the wound. If high oxygen 
pressure over a long time period (several days) stimulates an abnormal angiogenesis (as 
demonstrated in the eyes of newborns), several studies have reported that cycling high 
and low oxygen pressure over a short period (1 or 2 h) stimulates a physiological 
angiogenesis at the site of the ulcer. This is due, in part, to the release of collagen from 
fibroblasts and vascular growth factors by macrophages. The vascular response to high 
O2 tension is usually vasoconstriction. However, the promotion of new vessel growth 
follows the withdrawal of the high oxygen with relative hypoxia in the constricted tissues 
area. Moreover, oxygen is able to strengthen microbiocidal capacity of endogenous 
defense mechanisms in addition to its direct anti-anaerobic activity. HBO cannot 

dramatically increase the O2 transported by hemoglobin, but it significantly increases the 
fraction of O2 dissolved in plasma and delivered throughout the organism, as 
demonstrated by TcPO2 measurements. 

Elevation of O2 tension in hypoxic wound ulcers enhances neutrophil oxidative 
killing of bacteria and stimulates fibroblast proliferation, collagen production, 
neovascularization, and epithelialization (Bonomo SR, Davidson JD, Yu Y, Xia Y, Lin 
X, Mustoe TA: Hyperbaric oxygen as a signal transducer: up regulation of platelet 
derived growth factor-beta receptor in the presence of HBO and PDGF. Undersea Hyper 
Med 25:211–216, 1998).  

In addition, O2 is directly toxic to anaerobic organisms (Bakker DJ: Hyperbaric oxygen 
therapy and the diabetic foot. Diabete Metab Res Rev 16:55–58, 2000).  

Only two randomized controlled clinical trials evaluating HBO in the diabetic foot 
(Zamboni WA, Wong HP, Stephenson LL, Pfeifer MA: Evaluation of hyperbaric oxygen 
for diabetic wounds: a prospective study. Undersea Hyper Med 24:175–179, 1997) 
(Wunderlich RP, Peters EJG, Laverty AL: Systemic hyperbaric oxygen therapy: lower-
extremity wound healing and the diabetic foot (Review Article). Diabetes Care 23:1551–
1555, 2000) are available. In these studies, the authors have demonstrated that HBO is 

effective in decreasing major amputations in diabetic patients with severely 
prevalent ischemic foot ulcers. 

These findings lend credence to the expectation that peritransplant application of 
adequate frequency of HBO to diabetic recipients would enhance the performance and 
growth of the islet graft, resulting in an improvement of the outcome of the 
transplantation (Beneficial effects of hyperbaric oxygen therapy on islet transplantation. 
Juang JH, Hsu BR, Kuo CH, Uengt SW. Cell Transplant. 2002;11(2):95-101). I believe 
that this discounts the fears of EMOD production by HBO as it is not toxic or lethal 
to islet transplants. 

If the free radical theory is correct, how can hyperbaric oxygen reverse the effects of 
hypoxia, which are believed to be caused by oxygen free radicals? 
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After hyperbaric oxygen therapy, the autonomic neuropathy tests and 
electromyelographic findings were significantly improved 

Hyperbaric oxygen therapy was an effective therapeutic modality for the treatment of 
diabetic autonomic neuropathy. 

Also, if the effects of diabetes are caused by oxygen free radicals, how can HBT 
correct it, since it generates more EMODs? 

Diabetes mellitus is the commonest cause of neuropathy in industrialized countries.  

10.3.5   Diabetes and NO 

Nitric oxide (NO) is a multifunctional biomolecule involved in a variety of physiological 
and pathological processes, including regulation of blood vessel dilatation and anti-
arteriosclerotic effects. However, a large amount of NO is toxic to the host and causes 
several diseases such as apoptosis, septic shock, and diabetes mellitus. Inducible-
form NO synthase is induced in inflammatory diseases, including insulitis and 
arteriosclerosis. Endoplasmic reticulum (ER) stress pathway was first identified as a 
cellular response pathway induced by the accumulation of unfolded proteins in ER to 
preserve ER functions. Later it was found that ER stress pathway is also activated by 
various cellular stresses to protect cells, but when stresses are severe, apoptosis is 
induced to remove damaged cells. It is reported that NO and reactive oxygen species 
disturb ER functions, then ER stress-mediated apoptosis pathway is activated. 
CHOP/GADD153, which belongs to C/EBP transcription factor family, is induced in 
this process and mediates apoptosis. ER stress pathway induced by NO can be involved 
in the pathogenesis of various vascular diseases (Nitric Oxide and Endoplasmic 
Reticulum Stress. Gotoh T, Mori M. Arterioscler Thromb Vasc Biol. 2006 Apr 27; [Epub 
ahead of print]). 

Nitric oxide (NO*) is an important protective molecule in the vasculature, and 
endothelial NO* synthase (eNOS) is responsible for most of the vascular NO* produced. 
A functional eNOS oxidizes its substrate L-arginine to L-citrulline and NO*. This normal 
function of eNOS requires dimerization of the enzyme, the presence of the substrate L-
arginine, and the essential cofactor (6R)-5,6,7,8-tetrahydro-L-biopterin (BH4), one of the 
most potent naturally occurring reducing agents. Cardiovascular risk factors such 
as hypertension, hypercholesterolemia, diabetes mellitus, or chronic 
smoking stimulate the production of reactive oxygen species in the 
vascular wall. I believe that this is protective reaction of the body.   

Nicotinamide adenine dinucleotide phosphate (NADPH) oxidases represent major 
sources of this reactive oxygen species and have been found upregulated and activated in 
animal models of hypertension, diabetes, and sedentary lifestyle and in patients with 
cardiovascular risk factors. Superoxide (O2*-) reacts avidly with vascular NO* to form 
peroxynitrite (ONOO-). The cofactor BH4 is highly sensitive to oxidation by ONOO-. 
Diminished levels of BH4 promote O2*- production by eNOS (referred to as eNOS 
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uncoupling). This transformation of eNOS from a protective enzyme to a contributor to 
oxidative stress has been observed in several in vitro models, in animal models of 
cardiovascular diseases, and in patients with cardiovascular risk factors. In many cases, 
supplementation with BH4 has been shown to correct eNOS dysfunction in animal 
models and patients. In addition, folic acid and infusions of vitamin C are able to restore 
eNOS functionality, most probably by enhancing BH4 levels as well (Endothelial nitric 
oxide synthase in vascular disease: from marvel to menace. Forstermann U, Munzel T. 
Circulation. 2006 Apr 4;113(13):1708-14). 

10.4.0  Molecular Mechanisms:  Antioxidants Suppress Apoptosis 

Some of the following materials sere abstracted, excerpted or modified from:  
Supplement: Free Radicals: The Pros and Cons of Antioxidants. Antioxidants Suppress 
Apoptosis. Steven H. Zeisel. The American Society for Nutritional Sciences J. Nutr. 
134:3179S-3180S, November 2004. 
 

 

The generation of excess levels of reactive oxygen species is important for activation 
of internal cell programs for cell suicide (apoptosis) that are important protection 

mechanisms that kill cancer cells (Weijl, N. I., Cleton, F. J. & Osanto, S. (1997) Free 
radicals and antioxidants in chemotherapy-induced toxicity. Cancer Treat. Rev. 23:209-
240) (Kuipers, G. K. & Lafleur, M. V. (1998) Characterization of DNA damage induced 
by gamma-radiation-derived water radicals, using DNA repair enzymes. Int. J. Radiat. 
Biol. 74:511-519).  

Also, this mechanism is critical for effective cancer chemotherapy and radiation 

treatment (Kuipers, G. K. & Lafleur, M. V. (1998) Characterization of DNA damage 
induced by gamma-radiation-derived water radicals, using DNA repair enzymes. Int. J. 
Radiat. Biol. 74:511-519) (Blumenthal, R. D., Lew, W., Reising, A., Soyne, D., Osorio, 
L., Ying, Z. & Goldenberg, D. M. (2000) Anti-oxidant vitamins reduce normal tissue 
toxicity induced by radio-immunotherapy. Int. J. Cancer 86:276-280). Perhaps, before 
cancer patients supplement their diets, suppression of apoptosis by antioxidants needs to 
be considered. 

Apoptosis occurs when internal monitors recognize damage or malfunction and 
initiate signaling cascades that eventually activate caspases and endonucleases 
that kill the cell (Kokileva, L. (1994) Multi-step chromatin degradation in apoptosis. Int. 
Arch. Allergy Immunol. 105:339-343) (Zhivotovsky, B., Wade, D., Nicotera, P. & 
Orrenius, S. (1994) Role of nucleases in apoptosis. Int. Arch. Allergy Immunol. 105:333-
338) (Arends, M. J., Morris, R. G. & Wyllie, A. H. (1990) Apoptosis. The role of the 
endonuclease. Am. J. Pathol. 136:593-608).  

One of the important functions of apoptosis is the elimination of preneoplastic and 
neoplastic cells (Lowe, S. W., Ruley, H. E., Jacks, T. & Housman, D. E. (1993) p53-
Dependent apoptosis modulates the cytotoxicity of anticancer agents. Cell 34:957-967) 
(Thompson, C. B. (1995) Apoptosis in the pathogenesis and treatment of disease. Science 
267:1456-1462) (Tomlinson, I.P.M. & Bodmer, W. F. (1995) Failure of programmed cell 
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death and differentiation as causes of tumors: Some simple mathematical models. Proc. 
Natl. Acad. Sci. U.S.A. 92:11130-11134).  

 

 

10.4.1  Apoptotic signaling cascade 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) 
(Vrablic, A. S., Albright, C. D., Craciunescu, C. N., Salganik, R. I. & Zeisel, S. H. (2001) 
Altered mitochondrial function and overgeneration of reactive oxygen species precede 
the induction of apoptosis by 1-O-octadecyl-2-methyl-rac-glycero-3-phosphocholine in 
p53-defective hepatocytes. FASEB J 15:1739-1744) (Slater, A. F., Nobel, C. S. & 
Orrenius, S. (1995) The role of intracellular oxidants in apoptosis. Biochim. Biophys. 
Acta 1271:59-62) (Johnson, T. M., Yu, Z. X., Ferrans, V. J., Lowenstein, R. A. & Finkel, 
T. (1996) Reactive oxygen species are downstream mediators of p53-dependent 
apoptosis. Proc. Natl. Acad. Sci. U.S.A. 93:11848-11852) (Sugiyama, H., Kashihara, N., 
Makino, H., Yamasaki, Y. & Ota, Z. (1996) Reactive oxygen species induce apoptosis in 
cultured human mesangial cells. J. Amer. Soc. Nephrol. 7:2357-2363).  

This EMOD messenger function is the reason that antioxidants are capable of 
inhibiting apoptosis. Antioxidants such as -tocopherol, which partition into the 
lipid compartment of cells, or N-acetylcysteine, a free radical scavenger that 
partitions into the aqueous phase of the cytosol, can delay or inhibit apoptosis 
(Hawkins, R. A., Sangster, K. & Arends, M. J. (1998) Apoptotic death of pancreatic 
cancer cells induced by polyunsaturated fatty acids varies with double bond number and 
involves an oxidative mechanism. J. Pathol. 185:61-70) (Takahashi, H., Kosaka, N. & 
Nakagawa, S. (1998) Alpha-tocopherol protects PC12 cells from hyperoxia-induced 
apoptosis. J. Neurosci. Res. 52:184-191). Thus, it is reasonable to suggest that removal 
of antioxidants from the diet might enhance apoptosis, and thereby inhibit tumor 

growth.  

Zeisel et al observed a reduction in brain tumor size in the TgT (121) transgenic 
mouse model, which spontaneously develops brain cancer, when these mice were fed 
diets depleted of antioxidants; there was enhanced apoptosis within tumors 
(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).  

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).  

 

 

10.4.2   Antioxidant depletion inhibited tumors and metastasis 

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.  

Cells contain endogenous antioxidant enzymes (e.g., catalase, superoxide dismutase, and 
glutathione peroxidase), and many, but not all, human cancer cell types have 
decreased antioxidant enzyme levels compared to their normal tissue counterparts 
(Coursin, D. B., Cihla, H. P., Sempf, J., Oberley, T. D. & Oberley, L. W. (1996) An 
immunohistochemical analysis of antioxidant and glutathione S-transferase enzyme 
levels in normal and neoplastic human lung. Histol. Histopathol. 11:851-860) (Oberley, 
T. D., Sempf, J. M. & Oberley, L. W. (1996) Immunogold analysis of antioxidant 
enzymes in common renal cancers. Histol. Histopathol. 11:153-160) (Oberley, T. D. & 
Oberley, L. W. (1997) Antioxidant enzyme levels in cancer. Histol. Histopathol. 12:525-
535).  

The concentrations of free oxygen radicals are reportedly higher in malignant cells 
than in normal cells (Sztarovski, T. R. & Nathan, C. F. (1991) Production of large 
amounts of hydrogen peroxide by human tumor cells. Cancer Res 51:794-798) 
(Toyokuni, S., Okamoto, K., Yodoi, J. & Hiai, H. (1995) Hypothesis: persistent oxidative 
stress in cancer. FEBS Lett 358:1-3).  

10.4.3   Antioxidant Blocking of EMODs can Block apoptosis 

Thus, some cancer cells may be more sensitive to generated reactive 
oxygen species, and this may be a useful difference that can be exploited 

when seeking to kill cancer cells but spare normal cells. Even a moderate 
increase in the accumulation of oxygen radicals in malignant cells of animals fed an 
antioxidant-poor diet could increase reactive oxygen species to the critical level required 



for progression of apoptosis. Conversely, even modest quenching of oxygen 
radicals by dietary antioxidants could block completion of apoptosis.  

 

 

 

10.4.4   Antioxidants can promote cancer 

Antioxidants, by preventing oxidant-mediated damage to diverse targets (DNA, RNA, 
proteins, and lipids), may play a protective role in healthy individuals with no existing 
cancer cells that must be eliminated; however, by inhibiting apoptosis, these  same 
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 ß-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) but decreased carcinogenesis in the prostate 
(Heinonen, O. P., Albanes, D., Virtamo, J., Taylor, P. R., Huttunen, J. K., Hartman, A. 
M., Haapakoski, J., Malila, N. & Rautalahti, M., et al (1998) Prostate cancer and 
supplementation with alpha-tocopherol and beta-carotene: incidence and mortality in a 
controlled trial. J. Natl. Cancer Inst. 90:440-446) (where, presumably, smoking had not 
caused precancerous lesions that predated antioxidant treatment).  

Thus, though early administration of antioxidants may prevent the initiation and 
progression of cancer by quenching the action of potentially mutagenic reactive free 
radicals, 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. 

Concern has been expressed that antioxidant supplement use might pose a risk for 
adverse effects as well as provide possible benefits, especially in vulnerable populations 
such as individuals who have been diagnosed with cancer (Gottlieb, N. (1999) Cancer 
treatment and vitamin C: the debate lingers. J. Natl. Cancer Inst. 24:2073-2075).  

Results from national surveys suggest that dietary supplement use has been increasing in 
the U.S. over the past two decades (Blendon, R. J., DesRoches, C. M., Benson, J. M., 
Brodie, M. & Altman, D. E. (2001) Americans’ views on the use and regulation of 
dietary supplements. Arch. Intern. Med. 161:805-810), with 50% of the general 
population currently reporting regular dietary supplement use. Micronutrients often 
categorized as antioxidants, such as vitamin C, vitamin E, and the carotenoids, comprise 
one subset of the ingredients in these products. 

A notable trend that has emerged in the supplement usage patterns being monitored in the 
Women’s Healthy Eating and Living (WHEL) Study from 1995 to the present is that the 



products being reported are increasingly complex mixtures of ingredients. Another trend 
is that these products increasingly include non-nutrient ingredients, such as herbal 
and botanical compounds (including those that may have antioxidant properties), 
rather than being limited to nutrient constituents. A related challenge in terms of 
estimating influence on disease risk or recurrence is the identification and monitoring of 
non-nutrient constituents of new and fortified food products (Supplement: Free 
Radicals: The Pros and Cons of Antioxidants. Antioxidant Supplement Use in Cancer 
Survivors and the General Population. Cheryl L. Rock. The American Society for 
Nutritional Sciences J. Nutr. 134:3194S-3195S, November 2004). 

10.4.5   Supplements and diabetes 

One small double-blind, placebo-controlled study suggests that regular use of 
multivitamin/multimineral supplements may reduce incidence of infectious illness in 
people with diabetes (Barringer TA, Kirk JK, Santaniello AC, et al. Effect of a 
multivitamin and mineral supplement on infection and quality of life. A randomized, 
double-blind, placebo-controlled trial. Ann Intern Med. 2003;138:365-71).  

Another study failed to find that general nutritional supplementation accelerated 
healing of diabetic foot ulcers (Eneroth M, Larsson J, Oscarsson C, et al. Nutritional 
supplementation for diabetic foot ulcers: the first RCT. JWound Care. 2004;13:230-4).  

Intriguing evidence from a small study suggests that vitamin E may also help protect 
people with diabetes from developing damage to their eyes and kidneys (Bursell SE, 
Clermont AC, Aiello LP, et al. High-dose vitamin E supplementation normalizes retinal 
blood flow and creatinine clearance in patients with type 1 diabetes. Diabetes Care. 
1999;22:1245–1251).  

However, a large long-term study failed to find vitamin E effective for 
preventing kidney damage in diabetics (Lonn E, Yusuf S, Hoogwerf B, et al. 
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). (Vitamin E also did not help prevent coronary artery disease.). 

10.4.6   PMN Antioxidants and Type II Diabetes 

Investigators examined the effect of Type 2 diabetes mellitus (DM) on enzymes of 
importance for oxygen-dependent killing of microorganisms by leucocytes. Twenty 
patients with Type 2 DM and 20 nondiabetic controls provided blood samples for 
analysis.  

The superoxide dismutase (SOD) activity was lower by 41% in 
polymorphonuclear leucocytes (PMNL) from patients with Type 2 DM 
than in controls. Glutathione peroxidase (GSHPx) and glutathione reductase (GR) 
activities of Type 2 DM patients were 73.04% and 81.12% of control values. The 
catalase activity showed no significant difference. A significant increase (141.37% of 
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control) in the concentration of thiobarbituric acid reactive products was observed. 
(RMH Note:  this begs the question “where is the increased lipid peroxidation 
coming from?”  because SOD is also low.  What is the level of NADPH oxidase?)  A 
positive correlation between thiobarbituric acid reactive products and glucose, glycated 
hemoglobin and fructosamine in the serum of diabetic patients was observed 
(Antioxidant systems in polymorphonuclear leucocytes of Type 2 diabetes mellitus. J. 
Muchová et al. Diabetic Medicine. Volume 16, Issue 1, Page 74 - January 1999). I 
believe that this demonstrates that lower levels of SOD results in decreased levels of 
EMODs, especially hydrogen peroxide. This creates the vulnerability to repeated 
infections seen in diabetic patients. 

 
10.4.7   Insulin and neutrophil function 
Several studies have shown impairment of neutrophil function, a disorder that contributes 
to the high incidence of infections in diabetes. Since glucose and glutamine play a key 
role in neutrophil function, Alba-Loureiro investigated their metabolism in 
neutrophils obtained from the peritoneal cavity of streptozotocin-induced diabetic 
rats. The activities of hexokinase, glucose-6-phosphate dehydrogenase (G6PDH), 
phosphofructokinase (PFK), citrate synthase, phosphate-dependent glutaminase, 
NAD+-linked and NADP+-linked isocitrate dehydrogenase were assayed. Glucose, 
glutamine, lactate, glutamate and aspartate, and the decarboxylation of [U-14C], [1-
14C] and [6-14C]glucose; [U-14C]palmitic acid; and [U-14C]glutamine were measured 
in 1-h incubated neutrophils. Phagocytosis capacity and hydrogen peroxide (H2O2) 
production were also determined. All measurements were carried out in neutrophils 
from control, diabetic and insulin-treated (2–4IU/day) diabetic rats. Phagocytosis and 
phorbol myristate acetate (PMA)-stimulated H2O2 production were decreased in 
neutrophils from diabetic rats. The activities of G6PDH and glutaminase were 
decreased, whereas that of PFK was raised by the diabetic state. The activities of the 
remaining enzymes were not changed. Diabetes decreased the decarboxylation of [1-
14C]glucose and [U-14C]glutamine; however, [6-14C]glucose and [U-14C]palmitic acid 
decarboxylation was increased. These observations indicate that changes in 
metabolism may play an important role in the impaired neutrophil function 

observed in diabetes. The treatment with insulin abolished the changes induced by the 
diabetic state even with no marked change in glycemia. Therefore, insulin may have a 
direct effect on neutrophil metabolism and function (Diabetes causes marked changes in 
function and metabolism of rat neutrophils. T C Alba-Loureiro, S M Hirabara, J R 
Mendonça, R Curi and T C Pithon-Curi. Journal of Endocrinology (2006) 188,295-303). 

10.5.0    EMODs can activate T cells and lymphocytes 

Some of the following material was abstracted, excerpted or modified from:  Phagocytic 
NADPH Oxidase Overactivity Underlies Oxidative Stress in Metabolic Syndrome. Ana 
Fortuño. et al. Diabetes 55:209-215, 2006. 
 
10.5.1  Howes’ rational for EMOD benefits and antioxidant harm 
 



One of the important functions of apoptosis is the elimination of preneoplastic and 
neoplastic cells (Thompson, C. B., 1995) 
 

 

 

 

Some cancer cells are more sensitive to generated reactive oxygen 

species, and this may be a useful difference that can be exploited when 
seeking to kill cancer cells but spare normal cells. 
 
Apoptosis itself is largely based on free radicals released from 
mitochondria. ROS generation in mitochondria no longer appears to be a precise 
mechanism used in signaling pathways such as apoptosis, as demonstrated in 
cardiomyocytes (Duranteau, J.,  1998). 

In most forms of cell suicide, the signaling cascade utilizes reactive oxygen 
species as essential intermediate messenger molecules (Albright, C. D., 2003) 
(Vrablic, A. S., 2001) (Slater, A. F., 1995) (Johnson, T. M., 1996) (Sugiyama, H., 1996). 

Even modest quenching of oxygen radicals by dietary antioxidants could 
block completion of apoptosis.  Administration of antioxidants 
subsequent to a mutagenic event may effectively intercept free radicals 
that are critical in promoting apoptosis. 
 
Oxidants can also activate lymphocytes, which then use ROS as weapons against 
infection (Reth, M., 2002). 
 
10.5.2  ROS and redox signaling as communication systems 

ROS can play specific roles in the active sites of enzymes, and redox reactions can affect 
the activity of transcription factors such as NF-kB, JUN and FOS. It is now clear that 
ROS can have a great impact on gene expression and on global cellular behaviors 
like proliferation, apoptosis, and senescence. Redox state and ROS can act as 
messengers during cellular growth and proliferation. In mammalian cells, a number of 
extracellular stimuli like growth factors have been shown recently to induce a transient 
increase in intracellular ROS. It now appears that ROS induced by growth factors are part 
of a downstream propagation of mitogenic and anti-apoptotic signals. Exemplifying, 
epidermal growth factor can induce a transient increase in H2O2 generation through 
the tyrosine kinase activity of the epidermal growth factor receptor (Bae, Y.S., Kang, 
S.W., Seo, M.S., Baines, I.C., Tekle, E., Chock, P.B., Rhee, S.G., 1997. Epidermal 
growth factor (EGF)-induced generation of hydrogen peroxide. Role in EGF receptor-
mediated tyrosine phosphorylation. J. Biol. Chem. 272, 217–221).  
 
ROS appear to exert their effects through the reversible oxidation of active sites in 
protein tyrosine phosphatases. The inhibition caused by ROS helps the propagation of 
receptor tyrosine kinase signals mediated by protein tyrosine phosphorylation in turn 
associated with the proliferative stimulus. Similarly, low amounts of hydroperoxides 



can stimulate cell growth (Baker, M.A., He, S.Q., 1991. Elaboration of cellular DNA 
breaks by hydroperoxides. Free Radic. Biol. Med. 11, 563–572).  
 
Furthermore, cancer cells often have increased levels of ROS and yet proliferate 
vigorously (Szatrowski, T.P., Nathan, C.F., 1991. Production of large amounts of 
hydrogen peroxide by human tumor cells. Cancer Res. 51, 794–798).  
 
ROS have been widely implicated in mitogenic signaling and cancer  (Suh, Y.A., 
Arnold, R.S., Lassegue, B., Shi, J., Xu, X., Sorescu, D., Chung, A.B., Griendling, K.K., 
Lambeth, J.D., 1999. Cell transformation by the superoxide-generating oxidase Mox1. 
Nature 401, 79–82) (Ha, H.C., Thiagalingam, A., Nelkin, B.D., Casero Jr., R.A., 2000. 
Reactive oxygen species are critical for the growth and differentiation of medullary 
thyroid carcinoma cells. Clin. Cancer. Res. 6, 3783–3787). 
 
Apoptosis, necrosis, and growth arrest can all be regulated by ROS (Aw, T.Y., 1999. 
Molecular and cellular responses to oxidative stress and changes in oxidation–reduction 
imbalance in the intestine. Am. J. Clin. Nutr. 70, 557–565) (Kwon, Y.W., Masutani, H., 
Nakamura, H., Ishii, Y., Yodoi, J., 2003. Redox regulation of cell growth and cell death. 
Biol. Chem. 384, 991–996). 
 
Apoptosis itself is largely based on free radicals released from 
mitochondria. In fact, ROS generation in mitochondria no longer appears to be an 
unwanted random process, but rather a precise mechanism used in signaling pathways 
such as apoptosis, as demonstrated in cardiomyocytes (Duranteau, J., Chandel, N.S., 
Kulisz, A., Shao, Z., Schumacker, P.T., 1998. Intracellular signaling by reactive oxygen 
species during hypoxia in cardiomyocytes. J. Biol. Chem. 273, 11619–11624).  
 
Moreover, it is intriguing that the oncogenic protein ras increases the intracellular 
levels of ROS, thus inducing senescence, and likewise p21waf1 and p53 have been 
shown to trigger ROS. Indeed, even though details are still lacking, oxidative signaling 
influences the way p53 mediates apoptosis and growth arrest. ROS also appear to serve 
as messengers in many developmental stages. For example, a burst of ROS occurs at 
fertilization in sea urchins and prenatal and embryonic development in mammals has 
been suggested to be regulated by redox state (Dennery, P.A., 2004. Role of redox in fetal 
development and neonatal diseases. Antioxid. Redox. Signal. 6, 147–153).  
 
It is also noteworthy that H2O2 is required for thyroxine synthesis which accelerates 
developmental processes dramatically. In thyroid cells, regulation of H2O2 concentration 
is critical for thyroxine synthesis since H2O2 is needed to catalyze the binding of iodine 
atoms to thyroglobulin. Finally, ROS are used by the immune system. ROS have 
been shown to trigger proliferation in T cells through NF-kB activation 
(Ginn-Pease, M.E., Whisler, R.L., 1998. Redox signals and NF-kappaB activation in T 
cells. Free Radic. Biol. Med. 25, 346–361).  
 
Macrophages and neutrophils generate ROS in order to kill certain bacteria that they 
engulf by phagocytosis. Oxidants can also activate lymphocytes, which then use ROS 



as weapons against infection (Reth, M., 2002. Hydrogen peroxide as second messenger 
in lymphocyte activation. Nat. Immunol. 3, 1129–1134). 
 
Furthermore, TNF-a mediates cytotoxicity of tumor and virus infected cells; it has 
been proposed that, at least partly, TNF-a does not affect normal cells by inducing SOD2 
(Kamata, H., Honda, S., Maeda, S., Chang, L., Hirata, H., Karin, M., 2005. Reactive 
oxygen species promote TNFalpha-induced death and sustained JNK activation by 
inhibiting MAP kinase phosphatases. Cell 120, 649–661). 
 
10.5.3   Garlic (ajoene) induces apoptosis and EMODs 
 

 

Investigators tried to determine the biochemical pathways involved in induction of 
apoptosis by ajoene, an organosulfur compound from garlic. Ajoene induced 
apoptosis of 3T3-L1 adipocytes in a dose- and time-dependent manner. Ajoene treatment 
resulted in activation of JNK and ERK, translocation of AIF from mitochondria to 
nucleus, and cleavage of 116-kDa PARP-1 in a caspase-independent manner. Ajoene 
treatment also induced an increase in intracellular ROS level. Furthermore, the 
antioxidant N-acetyl-l-cysteine effectively blocked ajoene-mediated ROS 
generation, activation of JNK and ERK, translocation of AIF, and degradation of 
PARP-1. DISCUSSION: These results indicate that ajoene-induced apoptosis in 3T3-
L1 adipocytes is initiated by the generation of hydrogen peroxide, which 
leads to activation of mitogen-activated protein kinases, degradation of PARP-1, 
translocation of AIF, and fragmentation of DNA. Ajoene can, thus, influence the 
regulation of fat cell number through the induction of apoptosis and may be a new 
therapeutic agent for the treatment of obesity (Molecular Mechanisms of Apoptosis 
Induced by Ajoene in 3T3-L1 Adipocytes. Yang JY, Della-Fera MA, Nelson-Dooley C, 
Baile CA. Obesity (Silver Spring). 2006 Mar;14(3):388-97). I believe that the 
blockage of apoptosis by NAC indicates the potential danger of 
antioxidants of this variety, in that they may block tumoricidal EMODs 
and also lead to more vulnerability to pathogens. 
 

10.5.4   Garlic increases EMODS and apoptosis of cancer cells 
Garlic-derived organosulfur compounds such as diallyl sulfide (DAS), diallyl 
disulfide (DADS), and diallyl trisulfide (DATS) provide significant protection 
against carcinogenesis. METHODS.: Dose-dependent cytotoxic effects of the garlic 
compounds (DAS, DADS, and DATS) were tested in human glioblastoma T98G and 
U87MG cells. Wright staining and ApopTag assay confirmed induction of apoptosis. 
Measurements showed that production of reactive oxygen species (ROS) and an 
increase in intracellular free [Ca(2+)] promoted apoptosis. Western blot analysis 
indicated that increased expression and activities of the stress kinases and cysteine 
proteases caused apoptosis. Use of JC-1 showed changes in mitochondrial membrane 
potential (Deltapsi(m)) for mediation of apoptosis. Use of the specific inhibitors 
monitored the activation of different kinases and proteases in apoptosis.  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Yang+JY%22%5BAuthor%5D
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Treatment of glioblastoma cells with garlic compounds triggered 
production of ROS that induced apoptosis with the phosphorylation of p38 
MAPK and activation of the redox-sensitive JNK1 pathway. Pretreatment of cells with 
ascorbic acid attenuated ROS production, p38 MAPK phosphorylation, and 
JNK1 activation. Pretreatment with JNK1 inhibitor I also significantly reduced cell 
death. Increases in intracellular free [Ca(2+)], expression of calreticulin, and activation 
of caspase-4 indicated involvement of endoplasmic reticulum (ER) stress in apoptosis. 
Other events in apoptosis included overexpression of Bax, down-regulation of Bcl-2 and 
some BIRC proteins, mitochondrial release of cytochrome c and Smac into the cytosol, 
and activation of calpain, caspase-9, and caspase-3. CONCLUSIONS.: Garlic compounds 
induced apoptosis in glioblastoma cells due toproduction of ROS, increase in ER stress, 
decrease in Deltapsi(m), and activation of stress kinases and cysteine proteases (Garlic 
compounds generate reactive oxygen species leading to activation of stress kinases and 
cysteine proteases for apoptosis in human glioblastoma T98G and U87MG cells. 
Arabinda Das, Naren L Banik, Swapan K Ray. Cancer. 2007 Jul 23; : 17647244 
(P,S,E,B,D).  I believe that this indicates the significant role of EMODs in cancer kill 
and also emphasizes the fact that vitamin C or ascorbic acid can inhibit EMOD 
induced apoptosis.  
 

Some of the following material was excerpted, abstracted or modified from:  Health 
Journal: The case against vitamins. Monday, March 20, 2006. By Tara Parker-Pope, 
The Wall Street Journal. 
 
10.6.0    The case against vitamins 

Every day, millions of Americans gobble down fistfuls of vitamins in a bid to ward off ill 
health. They swallow megadoses of vitamin C in hopes of boosting their immune 
systems, B vitamins to protect their hearts, and vitamin E, beta carotene and other 
antioxidants to fight cancer.  

It's estimated that 70 percent of American households buy vitamins. Annual spending 
on vitamins reached $7 billion last year, according to industry figures.  

But a troubling body of research is beginning to suggest that vitamin supplements may 
be doing more harm than good. Over the past several years, studies that were 
expected to prove dramatic benefits from vitamin use have instead shown the 
opposite. Beta carotene was seen as a cancer fighter, but it appeared to promote 
lung cancer in a study of former smokers. Too much vitamin A, sometimes taken to 
boost the immune system, can increase a woman's risk for hip fracture. A study of 
whether vitamin E improved heart health showed higher rates of congestive heart 
failure among vitamin users.  

Addditionally, there are growing concerns that antioxidants, long viewed as cancer 
fighters, may actually promote some cancer and interfere with treatments.  
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Last summer, the prestigious Medical Letter, a nonprofit group that studies the evidence 
and develops consensus statements to advise doctors about important medical issues, 
issued a critical report on a number of different vitamins, stressing the apparent 
risks that have emerged from recent studies. The Food and Nutrition Board of the 
National Academy of Sciences -- the top U.S. authority for nutritional 
recommendations -- has concluded that taking antioxidant supplements serves no 
purpose.  

"People hear that if they take vitamins they'll feel better," says Edgar R. Miller, clinical 
investigator for the National Institute on Aging and author of an analysis that showed 
a higher risk of death among vitamin E users in several studies. "But when you put 
(vitamins) to the test in clinical trials, the results are hugely disappointing and in 
some cases show harm. People think they are going to live longer, but the evidence 
doesn't support that. Sometimes it's actually the opposite."  

Not everybody is buying these results. Consumers remain devoted to their vitamin 
regimens. Industry groups such as the Council for Responsible Nutrition reject the recent 
evidence, saying the research is flawed or the people studied were too sick to start with, 
making it impossible to draw any broad conclusions for the rest of us. "I don't think it's 
black and white," says Andrew Shao, vice president of regulatory and scientific affairs 
for the council. "It's important to know that a lot of these studies have been done in 
diseased populations. I suppose the expectations are too high. These vitamins are not 
drugs. They can't be expected to cure or reverse 20, 30 or 40 years of disease."  

Everyone needs vitamins, which are key nutrients the body can't make. But 
micronutrients from foods usually are adequate to prevent vitamin deficiency, which is 
rare in the U.S. Even so, vitamin B-12 supplements for the elderly and folic acid for 
women of child-bearing age are recommended.  

However, the proven benefits of a few supplements pale next to the growing 
concerns about widespread vitamin use. Nobody knows why high doses of vitamins 
taken as pills might cause harm, other than Randolph M. Howes, M.D., Ph.D. One theory 
has to do with free radicals, a common byproduct of the normal chemical reactions that 
occur in cells. Every day cells get damaged due to a variety of factors including sunlight, 
the foods we eat and natural aging. This creates free radicals, highly reactive molecules 
that can damage tissues and lead to cancer and heart disease. Although the body has 
several ways of coping with free radicals, many people believe high doses of vitamins 
help, mopping up free radicals before they can do much damage.  

But the problem is that free radicals may serve an important purpose, sending a 
powerful signal to the body's immune system, which enlists its own army of soldiers to 
fight the free radicals and fix the damage. The theory is that by taking vitamins, we 
undermine that message system and upset the balance of antioxidants and free radicals in 
the body. It may be that vitamins clean up the free-radical mess, but the immune system 
isn't alerted to fix the damage, allowing disease to set in.  



Another concern is that while vitamins from food sources are necessary and good for 
you, consumers today often scarf down vitamins at levels that are more like a 
pharmaceutical dose than something found in nature. In a test tube, high doses of a single 
antioxidant can turn bad, evolving into pro-oxidants -- meaning they start to oxidize and 
create free radicals, causing the very problem you were trying to prevent.  

Here's a look at what science shows about the risks and benefits of some particular 
vitamins.  

10.6.1   Vitamin E 

Vitamin E has long been touted as beneficial to heart health, based in part on 
observational studies that have shown diets rich in fruits and vegetables containing E and 
other vitamins are associated with a decreased risk of coronary disease. Vitamin E also 
has been studied as a way to help Alzheimer's disease and to prevent prostate cancer.  

But research into vitamin E supplements has been disappointing. Most clinical trials 
in recent years have been inconclusive or shown no benefit -- and some have 
suggested harm. The University of California-Berkeley Wellness Letter, from the 
same institution that discovered the vitamin in 1922, last year said it no longer 
recommended vitamin E supplements because of the data showing no benefits.  

Last year, Johns Hopkins University researchers in Baltimore published a shocking 
finding. After reviewing the data from 19 vitamin E clinical trials of more than 135,000 
people, the analysis showed high doses of vitamin E (greater than 400 IUs) increased 
a person's risk for dying during the study period by 4 percent. Taking the vitamin E 
with other vitamins and minerals resulted in a 6 percent higher risk of dying.  

Since the analysis was published, another study of about 9,500 patients evaluated long-
term use of 400 IUs of vitamin E daily. The study didn't show any statistically 
meaningful differences between vitamin users in terms of cancer, heart attacks or stroke, 
but the vitamin E takers had a 13 percent higher risk for heart failure.  

The risk of taking vitamin E for cancer is also of concern. Last year, the Journal of 
Clinical Oncology published a study of 540 patients with head and neck cancer who 
were being treated with radiation therapy. The patients took 400 IUs of vitamin E or a 
placebo. The supplement reduced side effects by nearly 30 percent. But recurrence rates 
among the vitamin E users were 37 percent higher. The finding was not statistically 
meaningful, but has raised concerns that vitamin intake could hinder the effectiveness of 
treatments.  

Not all the vitamin E news has been bad. Last year, the Women's Health Study evaluated 
use of 600 IUs of vitamin E every other day by nearly 40,000 healthy women. Overall, 
there was no benefit of using vitamin E for major cardiovascular events or cancer. 
But a subgroup analysis found there was a 24 percent lower risk for cardiovascular deaths 
and a 26 percent reduction in major cardiovascular events among women over 65. The 



researchers said those findings weren't conclusive, however, in part because they 
contradict other clinical-trial evidence.  

Another study, called Select, is looking at whether vitamin E and selenium lower risk for 
prostate cancer. The study won't finish for several years, but this summer a safety 
monitoring committee will review the results to date to see whether any significant risks 
or benefits have emerged. In February, another study reported in the Journal of the 
National Cancer Institute showed no clear benefit of vitamin E on prostate-cancer 
risk, although there was benefit among a subgroup of smokers.  

The Select trial already offers a cautionary tale on vitamin use, says Eric Klein, head of 
urologic oncology at the Cleveland Clinic and a Select investigator. Select was started 
after a study of smokers in Finland looked at beta carotene and vitamin E to prevent lung 
cancer. While vitamin E users had an unexpected lower risk for prostate cancer, the beta 
carotene users had a higher risk for lung cancer. "The psyche of the U.S. population is 
that a nutraceutical can't be harmful and might be helpful, so why not take it?" says Dr. 
Klein. "That thinking is just not correct. The message is: Be careful until the data is in."  

10.6.2    Beta Carotene and vitamin A 

Vitamin A is a family of compounds that play a role in vision, bone health, cell division 
and the regulation of the immune system. Retinol is one of the most usable forms of 
vitamin A. Several carotenoids, the darkly colored pigments found in many plant foods, 
can be converted to vitamin A, but beta carotene is the carotenoid that is most efficiently 
converted to vitamin A.  

Although studies have suggested an association between diets rich in beta carotene and 
vitamin A and a lower risk for many types of cancer, the supplements taken in pill form 
have proved risky.  

The 1994 Finland study of smokers taking 20 milligrams a day of beta carotene 
showed an 18 percent higher incidence of lung cancer among beta carotene users. In 
1996, a study called Caret looked at beta carotene and vitamin A use among smokers and 
workers exposed to asbestos. The trial was stopped when the participants taking the 
combined therapy showed a 28 percent higher risk for lung cancer and a 26 percent 
higher risk of dying from heart disease.  

More recently, a 2002 Harvard study of more than 72,000 nurses showed that those 
who consumed high levels of vitamin A from foods, multivitamins and supplements 
had a 48 percent higher risk for hip fracture than nurses who had the lowest intake 
of vitamin A. Notably, nurses who ate a lot of foods high in vitamin A also had higher 
risk, possibly indicating that too many foods are now fortified with the vitamin. Milk, 
margarine and breakfast cereals are fortified with vitamin A. High intake of vitamin A 
has also been associated with a higher risk of birth defects.  

10.6.3  Beta carotene pills do not save vision 



Carrots, rich in beta carotene, long have been thought to sharpen eyesight, but a new 
study suggests that beta carotene pills are powerless against a common 
type of vision loss among older people. Age-related macular degeneration is the 
leading cause of blindness in people 65 and older. The condition blurs the center of the 
field of vision, making it difficult to read, drive, thread a needle and even recognize 
faces. It affects more than 10 million Americans and there is no cure. 

An earlier large study had shown that beta carotene — when taken with certain vitamins 
and zinc — could slow or prevent vision loss in people with age-related macular 
degeneration. Commercial formulations of the eye-protecting combination vitamins are 
sold over the counter. 

But the new study found no benefit for beta carotene supplements alone 
against the disease. 

That may be a comfort for smokers with signs of macular degeneration. Smoking is a risk 
factor for the condition, but beta carotene has been shown in other research to raise the 
risk of lung cancer in smokers. So eye doctors have advised smokers concerned about 
macular degeneration to find a vitamin regimen without beta carotene. 

"This study at least suggests that beta carotene might not be an important component of 
that (vitamin) formulation," said Dr. Stuart Fine of the University of Pennsylvania's 
Scheme Eye Institute, who was not involved in the new study. 

The finding is based on data from more than 21,000 male doctors who were followed for 
an average of 12 years. The doctors were randomly assigned to take either 50 milligrams 
of beta carotene every other day or a dummy pill. The doctors didn't know whether 
the pills they took contained beta carotene. 

Roughly the same number of doctors in both groups developed the eye condition, 
suggesting beta carotene didn't help or hurt. After 12 years, there were 162 cases of 
macular disease in the beta carotene group and 170 cases in the group taking the dummy 
pills. The difference in the numbers was not statistically significant, meaning it could 
have occurred by chance. 

Study co-author Dr. William Christen at Harvard-affiliated Brigham and Women's 
Hospital in Boston said it's possible that beta carotene might be helpful only in 
combination with the other vitamins and zinc, but he said that's unlikely. 

Christen said it's unclear whether the latest findings would apply to women since the 
experiment only involved men; he said he'd like to see a similar study among women. 
The research, appearing in the March, 2007 issue of the Archives of Ophthalmology, 
also says nothing about carrots and eyesight. 



"Currently the best advice might be something you've heard before: Eat five or more 
servings of fruits and vegetables a day because it's the combination of nutrients that 
seems to be the important factor," Christen said. 

10.6.4  Vitamin C 

Ever since Nobel laureate Linus Pauling extolled the virtues of vitamin C more than 30 
years ago, Americans have been taking handfuls of the pills, convinced the vitamins do 
everything from preventing colds to fighting cancer. But like other vitamin studies, 
research into vitamin C has been disappointing.  

Endothelial dysfunction is a hallmark of Type 2 diabetes related to hyperglycemia 
and oxidative stress. Nitric oxide-dependent vasodilator actions of insulin may augment 
glucose disposal. Thus endothelial dysfunction may worsen insulin resistance. Intra-
arterial administration of vitamin C improves endothelial dysfunction in diabetes. In the 
present study, we investigated effects of high-dose oral vitamin C to alter endothelial 
dysfunction and insulin resistance in Type 2 diabetes. High-dose oral vitamin C 
therapy, resulting in incomplete replenishment of vitamin C levels, is ineffective at 
improving endothelial dysfunction and insulin resistance in Type 2 diabetes (High-
dose oral vitamin C partially replenishes vitamin C levels in patients with Type 2 diabetes 
and low vitamin C levels but does not improve endothelial dysfunction or insulin 
resistance. Hue Chen et al. Am J Physiol Heart Circ Physiol 290: H137-H145, 2006). I 
believe that this shows that antioxidant vitamin C does not improve so called 
oxidant-caused diabetes or endothelial function. 

Last summer, the Cochrane Database of Systematic Reviews looked at the clinical-trial 
evidence for vitamin C supplements in treating the common cold. Among 23 studies, 
there was no overall benefit to using vitamin C to prevent colds. However, six studies 
of marathon runners, skiers and soldiers exposed to significant cold or physical stress 
showed about a 50 percent reduction in colds with vitamin C use. But the investigators 
warned that these were extreme circumstances and probably don't apply to the general 
population. Vitamin C may slightly shorten the duration of colds, but the investigators 
said the small difference may not even be noticed by patients.  

There are also concerns about risks associated with vitamin C. A 1999 analysis in the 
British Medical Journal showed that in three studies, vitamin C didn't lower death 
rates among elderly people, and may actually have increased the risk of dying 
slightly. Last year, the cancer journal CA reported that antioxidant supplements, 
including vitamin C, should be avoided by patients being treated for cancer. 
Scientists have found that cancer cells gobble up vitamin C faster than normal cells, 
suggesting that any protection vitamin C gives might be even greater for tumors than 
normal cells. In 2001 scientists showed that cancer cells may become resistant to 
chemotherapy drugs after treatment with vitamin C. "It's a mistake to think that 
cancer cells ... don't like nutrients," says Gabriella D'Andrea, oncologist with Memorial 
Sloan-Kettering Cancer Center in New York and author of the review.  



Whether any of the antioxidant vitamins are cancer fighters or cancer promoters remains 
an open question. Although some data suggest a benefit, others suggest harm. In October 
2004 Copenhagen researchers reviewed seven randomized trials of beta carotene, 
selenium, and vitamins A, C and E (alone or in combination) in esophageal, gastric, 
colorectal, pancreatic and liver cancer. The antioxidant users had a 6 percent higher 
death rate than placebo users.  

10.6.5  B Vitamins 

A regimen of B vitamins, including folic acid, vitamin B-12 and vitamin B-6, has been 
touted as a way to improve heart health by lowering homocysteine, an amino acid 
thought to be a risk factor for heart attack. But last week, two studies presented to the 
American College of Cardiology showed that while the vitamins do lower 
homocysteine levels, taking them doesn't lower risk for heart attack.  

The patients in the studies weren't healthy. They had diabetes, heart disease or a history 
of heart attack. The New England Journal of Medicine said the consistency of the 
results "leads to the unequivocal conclusion" that the vitamins don't help patients 
with established vascular disease.  

But the medical community remains divided on whether the vitamins might still be useful 
for healthy people. "This should not close the book on the investigation of whether B 
vitamins in a healthy population helps reduce risk of cardiovascular disease," says Dr. 
Shao of the Council for Responsible Nutrition.  

Not all the research into vitamin B is controversial. Folic acid supplements for women of 
child-bearing age have dramatically reduced the incidence of neural-tube defects in 
babies. Elderly people can develop an inability to absorb vitamin B-12 from food, so 
supplements may be recommended as we get older.  

Caffeinated coffee, researchers reported, raises the risk of nonfatal heart attacks in most 
people by 64 percent. 

10.6.6  B Vitamins do not reduce heart disease, cancer or stroke. 

Some of the following material was abstracted, excerpted or modified from: MSNBC 
website 8/9/2006 by Daren Collins, R.D. 

The use of three B vitamins folate, B-6 and B-12 as sound strategy to promote heart 
health may be coming to an end.  These three vitamins still seem to lower blood levels 
of an amino acid called homocysteine, but this reduction doesn’t appear to affect 
heart disease or stroke risk. 

You should still eat foods that are good sources of these nutrients, but high-dose 
supplements aren’t scientifically supported for now. 



Two studies confirm previous finds that these three B vitamins can reduce homocysteine 
in the blood.   

In one of these studies, very high doses of folic acid, B-6 and B-12 reduced homocysteine 
by about 17 percent in more than 5,500 men and women at least 55 years old with heart-
related disease or diabetes.  In the other study, smaller amounts of B-12 and folic acid but 
still well beyond the Recommended Dietary Allowance (RDA) dropped homocysteine by 
27 percent in men and women who had just suffered a heart attack.  Previous studies also 
show similar reductions in homocysteine after folate and B-12 supplementation beyond 
the RDA. 

An on-going reaction combines homocysteine with part of the folate molecule to form a 
substance called methionine.  Lack of folate or B-12 (a participant in the reaction) slows 
this conversion.  B-6 can help reduce homocysteine, too, by helping it change to another 
substance. 

Studies suggest that too much homocysteine damages blood vessels.  In past population 
studies, 25 percent lower levels have been related to at least 10 percent less heart 
disease and 20 percent less stroke.  In the two new studies, however, although relatively 
large amounts of B vitamins did reduce blood levels of homocysteine, the risk of 
heart attack or heart-related death was either unchanged or increased.  
In only one of the studies did the risk of stroke decrease. 

When the conversion of homocysteine to methionine slows due to a lack of B vitamins, 
cancer becomes a risk.  Lower methionine levels seem to disturb DNA production and 
repair, allowing abnormal cells to from that could develop into cancer.  Diets low in 
folate may increase the risk of breast, cervix, lung and esophagus cancers, as well as 
adenomas and colon cancers. 

Neither of these two studies found any impact on cancer risk. 

10.6.7   Little evidence that multivitamins do any good  

Source:  Government panel split on benefits, risks of skyrocketing supplements.  The 
Associated Press, May 17, 2006. 

Washington – Over half of U.S. adults use multivitamins, mostly the pretty healthy 
people who also eat nutrient-fortified foods.  Yet, there’s little evidence that most 
of the pills do any good – and concern that some people may even get a 
risky vitamin overload, advisers to the government said Wednesday (5/17/06). 

Worried about bottles that promise 53 times the recommended daily consumption of 
certain nutrients, specialist convened by the National Institutes of Health called for 
strengthened federal oversight of the $23 billion dietary supplement industry – 
especially efforts to pin down side effects. 



For the average healthy American, there’s simply not enough evidence to tell if taking 
vitamins is a good or bad idea, said, Dr. J. Michael McGinnis of the Institute of 
Medicine, who led the NIH panel’s review. “We don’t know a great deal,” he said, 
calling for more rigorous research. Moreover, McGinnis added, “The product with 
which we’re dealing is virtually unregulated,” meaning there are even questions about 
how the bottles’ labels convey what’s really inside.” 

Vitamins and minerals, often packaged together, are the most-used dietary supplements, 
and widely assume to be safe.  After all, vitamins naturally occur in some of the 
healthiest foods, and vitamin deficiencies have been known to be dangerous since 
scurvy’s link to a lack of fruits and vegetables was discovered centuries ago. Ironically 
or paradoxically, the NIH panel concluded, the people most likely to have nutrient 
deficiencies are the least likely to use multivitamins. 

Yet, among the generally healthy and affluent, use of vitamin supplements, along with 
fortification of foods with extra vitamins, has skyrocketed in recent years as scientists 
speculated that high doses of certain nutrients might prevent cancer or other diseases. 
That’s where safety questions arise, because too much of certain nutrients can be bad. 

10.6.8  Few proven supplements 

There are only a few proven disease-preventing supplements, the NIH panel concluded: 

• Women of childbearing age should take folic acid supplements to prevent spina 
bifida and related birth defects. 

• Calcium and vitamin D together can help protect the bones of postmenopausal 
women. 

• Antioxidants and zinc may slow the worsening of the blinding disease called age-
related macular degeneration. 

Smokers should avoid taking beta-carotene supplements, because the pills can 
increase their risk of lung cancer, the report stresses. For other vitamins, concern arises 
mainly with super-doses that exceed the government’s “recommended daily amount,” or 
RDA.  Between 1 percent and 11 percent of supplement users may be exceeding the 
upper limits set for certain nutrients, if they add together their doses from pills and their 
diets, said Cornell University nutritionist Patsy Brannon. Leading her list are the 
following:  Too much niacin can damage the liver.  Among other examples, too much 
vitamin A can cause birth defects, and too much vitamin E can cause bleeding 
problems. 

Aghast at the super-doses on some bottles, panelist William Vaughan of Consumer’s 
Union asked, “Why would I take 53 times what people tell me is the RDA?” If you 
choose to take vitamins, use those labeled with 100 percent of the RDA or “daily value,” 
advised Brannon.  Together with a good diet, that would provide most people plenty 
without getting near the upper limit. 



10.6.9  Dangerous interactions 

Some vitamins also can interact dangerously with medications, and doctors should 
ask their patients what they take, the panel said. 

Congress limited the Food and Drug Administration’s oversight of vitamins and 
other dietary supplements in 1994.  Unlike most medications, most supplements 
sold today never had to be proven safe, much less proven to bring any health 
benefit. 

The NIH panel marks the fourth scientific report in recent years urging more FDA 
authority over supplements, urging the agency to, among other things, mandate that 
manufacturers report customer side effects just like medication makers do. Legislation 
that would do that has languished in Congress since 2004; the industry’s Council for 
Responsible Nutrition said Wednesday it supported that call. 

10.6.10  Calcium and vitamin D do not reduce fracture risk in women 

A 2005 study in the British Medical Journal didn't show any reduction in fracture 
risk among women who took 1,000 milligrams of calcium with 800 IUs of vitamin D 
a day. But the Women's Health Initiative recently suggested that calcium and vitamin D 
may lower hip-fracture risk in women over 60. Calcium users, however, had a 17 percent 
higher risk for kidney stones.  

Elderly people, particularly those who have dark skin, get little exposure to sunlight and 
don't drink milk, are at risk for vitamin D deficiency and are typically advised to take 
supplements. One study suggests the most benefit comes with about 800 IUs of vitamin 
D a day.  

10.6.11   Multivitamins do not reduce infection rates or doctor visits 

Most doctors and health experts now suggest that consumers interested in taking vitamins 
stick to a multivitamin rather than concoct their own cocktails of high-dose vitamins. But 
even this practice is being questioned because there's little evidence to support it. In 
August the British Medical Journal looked at multivitamin use among elderly 
people for a year, but found no difference in infection rates or visits to doctors.  

Researchers urge caution when interpreting results from various vitamin studies. Many 
factors, ranging from the type of vitamin to the age and health of the participants, may 
influence the results, says Marion Dietrich, postdoctoral associate in the Nutritional 
Epidemiology Program at Tufts University. What is clear, however, is the important role 
a healthful diet plays in preventing illness. Large dietary-intervention studies have shown 
that a healthful diet reduces risk of cardiovascular disease.  

But doctors say many patients view vitamins as a quick fix to compensate for poor eating 
habits, and resist any suggestion that taking them may not be beneficial. "A lot of people 



are passionate about their vitamins," says Dr. Miller of the National Institute on 
Aging. "I don't know where they get it from, but it's not based on scientific 
evidence." 

 
 
 
10.7.0  Dietary Flavonoids Do Not Block Risk of Type 2 Diabetes 

Flavonoids, as antioxidants, may prevent the progressive impairment of pancreatic ß-cell 
function due to oxidative stress and may thus reduce the occurrence of type 2 diabetes. 
The aim of the present study was to examine the association of dietary flavonol and 
flavone intake with type 2 diabetes, and biomarkers of insulin resistance and systemic 
inflammation.  

In 38,018 women aged 45 y and free of cardiovascular disease, cancer and diabetes with 
an average 8.8y of follow-up, Yiqing Song calculated relative risks (RRs) of incident type 
2 diabetes (1,614 events) according to dietary intake of total or individual flavonols and 
flavones and flavonoid-rich foods. They also measured and examined plasma 
concentrations of insulin, HbA1C, CRP, and IL-6 in relation to total flavonol and flavone 
intake among 344 nondiabetic women.  

Results: During 332,905 person-years of follow-up, none of total flavonols and 
flavones, quercetin, kaempferol, myricetin, apigenin, and luteolin was 
significantly associated with risk of type 2 diabetes. Among flavonoid-rich 
foods, apple and tea consumption was associated with diabetes risk. Women consuming 
1 apple/d showed a significant 28% reduced risk of type 2 diabetes compared with those 
who consumed no apples (the multivariate-adjusted RR = 0.72, 95% CI: 0.56, 0.92; p = 
0.006 for trend). Tea consumption was also inversely associated with diabetes risk 
but with a borderline significant trend ( 4 cups/d vs. none: RR 0.73, 95% CI: 0.52–
1.01; p for trend = 0.06). In 344 nondiabetic women, total intake of flavonols and 
flavones was not significantly related to plasma concentrations of fasting insulin, 
HbA1C, CRP, or IL-6.  

Conclusions: These results do not support the hypothesis that high intake 
of flavonols and flavones reduces the development of type 2 diabetes, 
although we cannot rule out a modest inverse association with intake of apples and tea 
(Associations of Dietary Flavonoids with Risk of Type 2 Diabetes, and Markers of 
Insulin Resistance and Systemic Inflammation in Women: A Prospective Study and 
Cross-Sectional Analysis. Yiqing Song, JoAnn E. Manson, Julie E. Buring, Howard D. 
Sesso, and Simin Liu. Journal of the American College of Nutrition, Vol. 24, No. 5, 376-
384 (2005).  

 
10.7.1   Flavonoids may have little antioxidant role 
 



Studies Force New View on Biology, Nutritional Action of Flavonoids by David Stauth 
reported the following on 3/12/07. 
 
Flavonoids are polyphenolic compounds with some common characteristics that are 
widely found in fruits and vegetables and often give them their color - they make 
lemons yellow and certain apples red. They are also found in some other foods, such as 
coffee, tea, wine, beer and chocolate, and studies in recent years had indicated that they 
had strong antioxidant activity - and because of that, they might be important to 
biological function and health. 
 
Flavonoids, a group of compounds found in fruits and vegetables that had been 
thought to be nutritionally important for their antioxidant activity, actually 
have little or no value in that role, according to an analysis by scientists in the 
Linus Pauling Institute at Oregon State University.  "What we now know is that 
flavonoids are highly metabolized, which alters their chemical structure and diminishes 
their ability to function as an antioxidant," said Balz Frei, professor and director of the 
Linus Pauling Institute. "The body sees them as foreign compounds and modifies them 
for rapid excretion in the urine and bile." (Anon. Studies force new view on biology, 
nutritional action of flavonoids. Linus Pauling Institute, media release, March 5, 2007).  
A research survey, and updated analysis of how flavonoids work and function in the 
human body, were recently published in Free Radical Biology and Medicine, a 
professional journal. 
 
"If you measure the activity of flavonoids in a test tube, they are indeed strong 
antioxidants," Frei said. "Based on laboratory tests of their ability to scavenge free 
radicals, it appears they have 3-5 times more antioxidant capacity than vitamins C or E. 
But with flavonoids in particular, what goes on in a test tube is not what's 
happening in the human body."  
 
Research has now proven that flavonoids are poorly absorbed by the body, usually less 
than five percent, and most of what does get absorbed into the blood stream is rapidly 
metabolized in the intestines and liver and excreted from the body. By contrast, vitamin C 
is absorbed 100 percent by the body up to a certain level. And vitamin C accumulates in 
cells where it is 1,000 to 3,000 times more active as an antioxidant than flavonoids.  
 
The large increase in total antioxidant capacity of blood observed after the 
consumption of flavonoid-rich foods is not caused by the flavonoids themselves, Frei 
said, but most likely is the result of increased uric acid levels. 
 
But just because flavonoids have been found to be ineffectual as antioxidants in the 
human body does not mean they are without value, Frei said. They appear to strongly 
influence cell signaling pathways and gene expression, with relevance to both cancer and 
heart disease. 
 
It also appears that flavonoids increase the activation of existing nitric oxide synthase, 
which has the effect of keeping blood vessels healthy and relaxed, preventing 



inflammation, and lowering blood pressure - all key goals in prevention of heart disease. 
This actually makes flavonoids prooxidants. 
 
Both of these protective mechanisms could be long-lasting compared to antioxidants, 
which are more readily used up during their free radical scavenging activity and require 
constant replenishment through diet, scientists say.  
 
However, Frei said, it's also true that such mechanisms require only relatively small 
amounts of flavonoids to trigger them - conceptually, it's a little like a vaccine in which 
only a very small amount of an offending substance is required to trigger a much larger 
metabolic response. Because of this, there would be no benefit - and possibly 
some risk - to taking dietary supplements that might inject large amounts of 
substances the body essentially sees as undesirable foreign compounds.  
 
Numerous studies in the United States and Europe have documented a relationship 
between adequate dietary intake of flavonoid-rich foods, mostly fruits and vegetables, 
and protection against heart disease, cancer and neurodegenerative disease, Frei said. 
 
10.7.2  Cocoa, chocolate and flavonoids 
 
According the Dr. Hyla Cass, the essence of all such products is the cocoa solids that 
give chocolate both its flavor and its flavonoids. The higher the cocoa content, the higher 
the flavonoid content, which is why dark chocolate is much more healthful than milk 
chocolate. (Don’t even think about “white chocolate,” which is not really chocolate at all, 
because it has no cocoa solids, just cocoa butter, a sweet-tasting fat.). Flavonoids are not 
called that because they taste good (they don’t). The word is derived from the Latin 
flāvus, yellow, because many of these brightly colored plant pigments are yellow; others 
are red, orange, blue, or purple. Flavonoids (aka bioflavonoids, a synonym—all 
flavonoids are biological in origin) give most fruits, vegetables, and flowers their 
characteristic colors. All flavonoids belong to the larger class of compounds called 
polyphenols, which are known for their strong antioxidant properties. 
 
Flavanols and proanthocyanidins (the correct term in this context) are the types of 
flavonoid that predominate in cocoa, as well as in tea, apples, and apricots. As a rule, the 
more colorful a fruit or vegetable, the more likely it is to be high in beneficial flavonoids. 
Berries are particularly rich in these compounds, and blueberries are the berry best of all, 
being loaded with potent anthocyanins and proanthocyanidins, two types of flavonoids. 
(On the other hand, blueberries have virtually no flavanols, a kind of flavonoid found 
abundantly in cocoa and tea.).   

Based on a great body of epidemiological research, medical scientists believe that a diet 
rich in fruits and veggies is vital for good health and antiaging, owing in part to their 
diverse content of flavonoids and other polyphenols—and the greater the variety of these 
compounds, the better (Lau FC, Shukitt-Hale B, Joseph JA. The beneficial effects of fruit 
polyphenols on brain aging. Neurobiol Aging 2005;26S:S128-32).  There is little doubt 



that they can help prevent some of the major diseases of aging, such as cancer, heart 
disease, and certain neurodegenerative diseases.  

How they accomplish this is an intriguing question, however. It was long believed that 
the biological activity of polyphenols (including flavonoids) occurred via their 
antioxidant properties, because experiments with cell cultures have consistently shown 
that they are, in fact, strong antioxidants—in cell cultures. There’s the rub.  

Much evidence obtained over the past decade has suggested that these laboratory results 
are red herrings. In March 2007, scientists at the Linus Pauling Institute announced 
that flavonoids actually have little or no value as antioxidants and that their health 
benefits are likely the result of entirely different biochemical mechanisms (Anon. 
Studies force new view on biology, nutritional action of flavonoids. Linus Pauling 
Institute, media release, March 5, 2007).   

It has been proved, they said, that flavonoids are poorly absorbed (usually less than 
5%) and that what small amounts do get through to the circulation are rapidly 
metabolized to derivative compounds and excreted.  

10.7.3  Dr. Frei discounts the antioxidant properties of flavonoids 

In a media release, Dr. Balz Frei, professor of biochemistry and biophysics and director 
of the institute, was quoted as saying,  

“What we now know is that flavonoids are highly metabolized, which alters their 
chemical structure and diminishes their ability to function as an antioxidant. . . . If you 
measure the activity of flavonoids in a test tube, they are indeed strong antioxidants. . . . 
But with flavonoids in particular, what goes on in a test tube is not what’s happening in 
the human body. . . .We can now follow the activity of flavonoids in the body, and one 
thing that is clear is that the body sees them as foreign compounds and is trying to get rid 
of them. But this process of gearing up to get rid of unwanted compounds is inducing so-
called Phase II enzymes that also help eliminate mutagens and carcinogens, and therefore 
may be of value in cancer prevention. Flavonoids could also induce mechanisms that help 
kill cancer cells and inhibit tumor invasion.” 

Dr. Frei also stated that “the flavonoids (or their bioactive metabolites) strongly influence 
cell signaling pathways and gene expression, with relevance to cancer, heart disease, and 
neurodegenerative disease.” He believes that the large increase in total antioxidant 
capacity of blood observed after the consumption of flavonoid-rich foods is not 
caused by the flavonoids themselves, but is most likely the result of increased uric 
acid levels. 

The above is a classic example of the way science works: an attractive theory, no matter 
how long in existence, no matter how widely believed or even cherished by its partisans, 
must be modified or discarded if new and convincing evidence refutes it. There are 



dogmas in science, but they are written in sand, not stone—they are always subject 
to change.  

Commercial cocoa powders are largely fat-free, having only about 10–22% residual 
cocoa butter. In any case, cocoa must be sweetened to make it palatable, and here it’s 
important to look for nonsugar sweeteners, preferably natural ones.  An important thing 
to know about commercial cocoa products is that many are “Dutched,” meaning that 
they’ve been alkali-treated to mellow the inherent bitterness of cocoa. The trouble 
with this process is that it destroys most of the beneficial flavonoids. Thus, consumers 
who want the health benefits of cocoa should look for products that have not been 
Dutched. Either way, the initial flavonoid content of cocoa depends on the variety of 
cacao tree (Theobroma cacao) from which it came, and the final content depends on a 
variety of factors in the production methods used.   

10.7.4  Possible Cardiovascular Benefits of flavonoids 

Whatever the mechanism, the various study results described in the review mentioned 
above, as well as in a similar review by German authors (Sies H, Schewe T, Heiss C, 
Kelm M. Cocoa polyphenols and inflammatory mediators. Am J Clin Nutr 
2005;81(Suppl):304S-12S), indicate that cocoa flavonoids improve vascular function 
and provide protection against cardiovascular disease in three major areas:  

• Inflammation – Cocoa flavonoids suppress the release of various 
proinflammatory enzymes that are associated with atherosclerosis, congestive 
heart failure, hypertension, and high cholesterol. These enzymes not only cause or 
exacerbate tissue inflammation but also produce reactive oxygen species, 
including free radicals, which damage tissues by attacking their constituent 
molecules. Cocoa flavonoids also suppress the release of various proinflammatory 
cytokines, which are small proteins that are involved in immune and allergic 
responses, among other things.  

• Platelets – Cocoa flavonoids suppress the tendency for blood platelets to 
aggregate, the process by which thrombi (clots) are formed. Although sometimes 
necessary for our health or even survival, as in wound healing, blood clots are 
implicated in heart attack, stroke, and venous thromboembolism. That’s why 
anticoagulants are important for people at high risk for such potentially fatal 
events.  

• Vascular endothelium – This is the layer of smooth, flat cells that line the inner 
walls of our blood vessels; it plays a key role in vascular function, in part by 
regulating the contraction and dilation of arteries as needed so as to regulate blood 
pressure. Its condition plays a critical role in the development of, or resistance to, 
disorders such as hypertension and atherosclerosis. Cocoa flavonoids help 
maintain healthy endothelial function in various ways, notably by enhancing the 
production of nitric oxide (NO) and preventing its inactivation by oxidative 
processes. 



NO is the chief mediator of vasorelaxation (reduction in tension in the walls of the blood 
vessels), which helps to lower blood pressure through vasodilation (dilation of the blood 
vessels), allowing blood to flow more freely. It thus combats hypertension, which is 
strongly associated with cardiovascular disease and type 2 diabetes. NO also, however, 
plays a key role in facilitating the insulin-mediated uptake of glucose by our cells. It thus 
helps to maintain insulin sensitivity, i.e., it combats insulin resistance, which is the 
precursor condition to diabetes. Its importance to our health cannot be overestimated. 

I believe that this strongly argues that flavonoids are prooxidants because of the 
stimulation of NO production. 

10.7.5  Dark chocolate possibly benefits hypertension 

Not included in either of the reviews cited above was a recent human clinical trial in Italy 
comparing the effects of flavanol-rich dark chocolate and flavanol-free white chocolate 
on various measures of cardiovascular health. The subjects were 20 middle-aged, never-
treated patients with essential hypertension (hypertension of no known cause, i.e., not 
attributable to some disease or disorder). For 15 days, two groups of patients ate a 3½-oz 
chocolate bar of one kind or the other, while abstaining from other flavonoid-rich foods, 
such as tea and wine; then, after a 7-day washout period, each group switched to the other 
kind of chocolate for an additional 15 days.  

The results showed that dark chocolate produced significant reductions in daytime 
and nighttime blood pressure as well as in LDL-cholesterol (the bad cholesterol), and 
it produced significant increases in NO-dependent vasorelaxation and insulin sensitivity. 
White chocolate, not surprisingly, produced no such effects (Grassi D, Necozione S, 
Lippi C, Croce G, Valeri L, Pasqualetti P, Desideri G, Blumberg JB, Ferri C. Cocoa 
reduces blood pressure and insulin resistance and improves endothelium-dependent 
vasodilation in hypertensives. Hypertension 2005;46:398-405) (Grassi D, Lippi C, 
Necozione S, Desideri G, Ferri C. Short-term administration of dark chocolate is 
followed by a significant increase in insulin sensitivity and a decrease in blood pressure 
in healthy persons. Am J Clin Nutr 2005;81:611-4) (Keen CL, Holt RR, Oteiza PI, Fraga 
CG, Schmitz HH. Cocoa antioxidants and cardiovascular health. Am J Clin Nutr 
2005;81(Suppl):298S-303S). 

10.7.6  Dark chocolate may help lower pressure 

COLOGNE, Germany, July 5, 2007 (UPI) -- Thirty calories of dark chocolate -- roughly 
one chocolate kiss -- could help lower high blood pressure, German researchers said.  
Small amounts of dark chocolate "efficiently reduced blood pressure," reported the 
research team led by Dirk Taubert of Germany's University Hospital of Cologne. 

The study, published in The Journal of the American Medical Association, doesn't say 
high blood pressure will be reduced by dark chocolate alone, WebMD.com reported. 
But in combination with a healthy diet, exercise and losing excess weight, it's a dietary 
change that's "easy to adhere to," the team said. 



The participants -- 24 women and 20 men -- had mild high blood pressure or borderline 
blood pressure. Taubert's team split participants into two similar groups. 

One group got 30-calorie daily doses of dark chocolate for 18 weeks. The other group got 
a similar daily dose of "white chocolate" that didn't contain cocoa. 

By the study's end, participants eating dark chocolate lowered their systolic (top number) 
blood pressure by nearly three points and their diastolic (bottom) blood pressure by 
almost two points, on average. 

Blood pressure numbers didn't change appreciably in the white chocolate group. 

The following material was excerpted, abstracted or modified from: Pennington Nutrition 
Series. 2005. No. 1.   

Flavonoids are a group of polyphenolic compounds that occur widely in fruit, vegetables, 
tea, red wine, and chocolate. Cocoa and chocolate products have the highest 
concentration of flavonoids among commonly consumed food items. Over 10% of the 
weight of cocoa powder consists of flavonoids, catechin and epicatechin. As with most 
plants, genetic and agronomic factors can markedly influence the contents of 
phytochemicals available at the time of harvest. Postharvest handling also plays a critical 
role, because most cocoas undergo fermentation steps, which subject flavonoids in the 
cocoa to heat and acidic conditions. Subsequent processing steps, such as roasting and 
alkali treatment, can also reduce the flavonoid content. Lastly, the actual recipe for the 
finished food or beverage product determines the amount of a given cocoa (and 
flavonoid) added. In addition, many sources of cocoa polyphenols are foods high in fat 
and calories. 
 
Interestingly, cocoa powder and cocoa extracts have been shown to exhibit greater 
antioxidant capacity than many other flavanol-rich foods and food extracts, such as green 
and black tea, red wine, blueberry, garlic and strawberry in vitro.  
 
10.7.7  Measuring antioxidant capacity 
 
A method to quantify the antioxidant capacity of foods is called Oxygen Radical 
Absorbance Capacity or "ORAC." The technique, developed by the National Institute of 
Aging and standardized by the USDA, measures how well a sample inhibits an oxidizing 
agent (or in other words, disarms free radicals) and how long it takes to do so. The agent 
used as a standard control for antioxidant activity is a non-commercial, water-soluble 
derivative of tocopherol called Trolox. The units of an ORAC value are 
expressed as micromoles Trolox equivalents per gram of a substance (mmole TE/g). 
 
10.7.8  ORAC values of foods: 
FOOD     ORAC value  (mmole TE/100gm) 
Strawberry    ~1,600 
Blueberry    ~2,200 
Prunes     ~5,700 



Milk chocolate   ~6,800 
Dark chocolate   ~13,000 
 
Phenolic antioxidants have been shown to inhibit the oxidation of low-density lipoprotein 
(LDL) cholesterol, and mounting evidence suggests that it is the oxidized form of LDL 
that leads to the buildup of fatty plaques in arteries. Extracts of cocoa powder have shown 
to significantly inhibit LDL oxidation in vitro. One study suggested that LDL oxidation 
was inhibited by 75% through cocoa phenols, whereas, red wine inhibited LDL oxidation 
by 37-65%. 
 
However, no long-term studies have evaluated the effects of cocoa polyphenol 
compounds on the oxidative modifications of LDL in humans. 
Because there is six to seven times more epicatechin than catechin in cocoa and 
chocolate, most studies have focused on epicatechin.  Consistent with in vitro studies, 
human studies indicate that small doses of epicatechin are effective antioxidants. There 
is a statistically significant increase in plasma antioxidant capacity and reduction in 
lipid peroxides following cocoa and chocolate consumption. 
 
Epicatechin and other flavonoids not only have a direct antioxidant effect, but they may 
also have a sparing effect on other antioxidants such as Vitamin C and E. 
 
Atherosclerosis, heart failure, hypertension and hypercholesterolemia can activate several 
proinflammatory enzyme systems, such as xanthine oxidase, NADH/NADPH oxidase, 
and myeloperoxidase. Once activated, these enzymes produce reactive oxygen species 
and other radicals that, can modify nitric oxide (NO) availability and LDL and contribute 
to endothelial dysfunction. Flavanol-rich cocoa has been shown to stimulate NO 
production, which makes it a prooxidant, and to significantly reduce the activities of 
xanthine oxidase and myeloperoxidase after ethanol-induced oxidative stress. In addition, 
cocoa flavanols and procyanidins may modulate other mediators of inflammation. 
 
It is speculated that sheer stress, ischemia and reperfusion, inflammation, and disease 
states, such as atherosclerosis, diabetes mellitus, and hypertension, can disrupt 
endothelial function.  This then leads to an inability to regulate vascular tone, and an 
overall shift toward the prothrombotic state. Antioxidant compounds such as flavanols 
may improve endothelial function through the prevention and possible reduction of 
oxidative damage by prostacyclin and leukotriene. 
 
Although many emerging risk factors are favorably affected by cocoa polyphenols, 
as yet, there are no trials demonstrating a protective effect of cocoa polyphenols on 
cardiovascular disease (Heil Roy and Shanna Lundy. Pennington Nutrition Series, 
Number 1, 2005). 
10.8.0  Ames and the free radical theory as of 1993 
 
Some of the following material was abstracted, excerpted or modified from:  Bruce N 
Ames, Mark K Shigenaga, and Tory M Hagen, Oxidants, Antioxidants, and the 



Degenerative Diseases of Aging, Proceedings National Academy of Sciences USA 
90(17): 7915-7922 (Sept 1993).  
 
Free radical theory of aging was conceived in 1956 and due to several lines of 
evidence, a number of scientists have been convinced that oxidants play an 
important role in aging.  

The theory was discovered by Denham Harman, who suggested that free radicals 
produced during aerobic respiration cause cumulative oxidative damage, resulting in 
aging and death.  Unfortunately, the theory gained credibility with the identification in 
1969 of the enzyme superoxide dismutase (SOD). The use of SOD as a tool to locate 
subcellular sites of O2· generation led to a realization that mitochondria are a principal 
source of endogenous oxidants.  

There are numerous sites of oxidant generation. Of these, four have attracted much 
attention in research:  

• mitochondrial electron transport,  
• peroxisomal fatty acid metabolism,  
• cytochrome P-450 reactions, and  
• phagocytic cells (the "respiratory burst")  

In addition to these sources of oxidants, there exist numerous other enzymes capable of 
generating oxidants under normal or pathological conditions, often in a tissue-specific 
manner.  However, despite the great number of intracellular sources of oxidant that have 
been identified, in terms of ranking their relative importance, the field is still very 
confusing.  Allegedly, to fight the free radicals, cells are equipped with an impressive 
repertoire of antioxidant enzymes, as well as small antioxidant molecules.  

These antioxidant defences vary between species, and the differences in antioxidant 
defenses between species have been suggested to explain differences in life span.  
However, many exceptions to this suggestion exists, the most notable is the life span 
of birds. 

In terms of measuring the oxidative damage caused by free radicals, the benchmarks have 
been described as "accumulation, modification, and depletion", meaning: 
accumulation of end products of oxidative damage (such as lipofuscin), modification of 
existing structures (such as oxidative adducts in DNA), and depletion (such as the loss of 
enzymatic activity or reduced thiols).  In studies researchers have been asking a very 
important question: what is the cause of age-related oxidative damage?  

For one, some suggest it could result from less active antioxidant defenses and repair, but 
studies that have measured age-related changes in antioxidant defenses have 
generated conflicting results.  



Research has also looked into the repair of oxidative damage and if its activity decrease 
with age. The majority of evidence suggests that there is probably not an overall age-
associated change in the intrinsic ability of cells to degrade damaged proteins.  

Finally, the accumulation of oxidative damage could also result from an age-associated 
increase in the primary generation of oxidants, and there is research supporting the view 
that this is the case. 

I present these references only to give a view that is in opposition to mine.  
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Plummer, K. Chowdhury, and C. Heward. Ann. N.Y. Acad. Sci., December 1, 2005; 
1055(1): 136 - 158.  

Minireview: The Role of Oxidative Stress in Relation to Caloric Restriction and 
Longevity. R. Gredilla and G. Barja. Endocrinology, September 1, 2005; 146(9): 3713 - 
3717.  

Mouse and Human Cells Versus Oxygen. P. J. Hornsby. Sci. Aging Knowl. Environ., 
July 30, 2003; 2003(30): pe21 - 21.  

Oxidative DNA damage: mechanisms, mutation, and disease. M. S. Cooke, M. D. Evans, 
M. Dizrarodlu, and J. Lunec. FASEB J, July 1, 2003; 17(10): 1195 – 1214. 

Some of the following material was abstracted, excerpted or modified from:  Bruce N 
Ames, Mark K Shigenaga, and Tory M Hagen, Oxidants, Antioxidants, and the 
Degenerative Diseases of Aging, Proceedings National Academy of Sciences USA 
90(17): 7915-7922 (Sept 1993).  
Oxidative damage to DNA, proteins, and other macromolecules accumulates with 
age and has been postulated to be a major, but not the only, type of endogenous 
damage leading to aging (Ames, B. N. & Shigenaga, M. K. (1992) Ann. N. Y. Acad. 
Sci. 663, 85-96) (Fraga, C. G., Shigenaga, M. K., Park, J.-W., Degan, P. & Ames, B. N. 
(1990) Proc. Natl. Acad. Sci. USA 87, 4533- 4537) (Sai, K., Takagi, A., Umemura, T., 
Hasegawa, R. & Kurokawa, Y. (1992) J. Environ. Pathol. Toxicol. Oncol. 11, 139-143)  
(Stadtman, E. R. (1992) Science 257, 1220-1224) (Harman, D. (1981) Proc. Natl. Acad. 
Sci. USA 78, 7124-7128) (Harman, D. (1992) Mutat. Res. 275, 257-266).  
 



Superoxide (O2), hydrogen peroxide (H2O2), and hydroxyl radical (-OH), which are 
mutagens produced by radiation, are also by-products of normal metabolism 
(Wagner, J. R., Hu, C.-C. & Ames, B. N. (1992) Proc. Natl. Acad. Sci. USA 89, 3380-
3384) (von Sonntag, C. (1987) The Chemical Basis of Radiation Biology (Taylor & 
Francis, London) (Sies, H. (1986) Angew. Chem. Int. Ed. Engl. 25, 1058-1071).  
 
Lipid peroxidation gives rise to mutagenic lipid epoxides, lipid hydroperoxides, lipid 
alkoxyl and peroxyl radicals, and enals (a,4-unsaturated  aldehydes) (Marnett, L. J., 
Hurd, H., Hollstein, M. C., Esterbauer, D. E. & Ames, B. N. (1985) Mutat. Res. 148, 25-
34)  (Halliwell, B. & Gutteridge, J. M. C. (1989) Free Radicals in Biology and Medicine 
(Clarendon, Oxford)).  
 
Singlet oxygen, a high-energy and mutagenic form of oxygen, can be produced by 
transfer of energy from light, the respiratory burst from neutrophils, or lipid 
peroxidation (Ravanat, J.-L., Berger, M., Benard, F., Langlois, R., Ouellet, R., van Lier, 
J. E. & Cadet, J. (1992) Photochem. Photobiol. 55, 809-814).  
 
These are just a few of the quotes from the 1993 Ames article and it is filled with 
inaccuracies. 
 
 
 

If the free radical theory had been a horse, 
it would now be glue. 
R. M. Howes, M.D., Ph.D. 

1/13/07  
 
 
 
 

10.8.2   Ames and the free radical theory of aging as of 1998 

Some of the following material was abstracted, excerpted or modified from:  The Free 
Radical Theory of Aging Matures. Beckman, Kenneth B. and Bruce N. Ames. Physiol. 
Rev. 78: 547-581, 1998. 

For the sake of simplicity, Beckman and Ames use the term oxidant to refer to all 
"reactive oxygen species," including O 2·, H2O2 , and ·OH, even though the former often 
acts as a reductant and produces oxidants indirectly. This is an incorrect usage of the 
term oxidant. 

Beckman and Ames have systematically reviewed the status of the free radical theory, by 
categorizing the literature in terms of the various types of experiments that have been 
performed, which include phenomenological measurements of age-associated oxidative 
stress, interspecies comparisons, dietary restriction, the manipulation of metabolic 



activity and oxygen tension, treatment with dietary and pharmacological antioxidants, in 
vitro senescence, classical and population genetics, molecular genetics, transgenic 
organisms, the study of human diseases of aging, epidemiological studies, and the 
ongoing elucidation of the role of active oxygen in biology. 

Beckman and Ames refer to the dizzying variety of theories, a huge phenomenological 

literature, and the absence of firmly established primary causes relative to aging. There is 
not a single phenomenon of aging or a single cause and it may have appeared that the 

field has been mired in phenomenology. In the course of these debates, a number of 
scientists have rallied around a set of ideas called the free radical theory of aging: 
loosely, the belief that damage by reactive oxygen species is critical in determining 
life span. I believe that this is their first mistake.  They only see EMODs as 
damaging agents.  This is wrong! 

They believe that many of the preliminary studies in what might be called "molecular 
gerontology" lend credibility to the free radical theory, as of 1998.  Although many recent 
studies indicate that oxygen radicals play some kind of role in aging, only a small 
number of these support the more ambitious version of the free radical theory. The 
phenomenon and study of aging are incredibly diverse, encompassing organisms from 
rotifers to mammals and techniques from physiology to genetics. Although it is precisely 
the broad sweep of evidence that Ames believes lends the free radical theory its appeal, 
the menagerie of animals and techniques sometimes obscures the logic. 

10.8.3   Origins of the Free Radical Theory  

In 1956, Denham Harman suggested that free radicals produced during aerobic 
respiration cause cumulative oxidative damage, resulting in aging and death. He noted 
parallels between the effects of aging and of ionizing radiation, including mutagenesis, 
cancer, and gross cellular damage (Harman, D.. Aging: a theory based on free radical and 
radiation chemistry. J. Gerontol. 2: 298-300, 1956).  

At the time, it had recently been discovered that radiolysis of water generates hydroxyl 
radical (·OH), and early experiments using paramagnetic resonance spectroscopy had 
identified the presence of ·OH in living matter. Harman therefore hypothesized that 
endogenous oxygen radical generation occurs in vivo, as a by-product of enzymatic redox 
chemistry. He ventured that the enzymes involved would be those "involved in the direct 
utilization of molecular oxygen, particularly those containing iron." Finally, he 
hypothesized that traces of iron and other metals would catalyze oxidative reactions in 
vivo and that peroxidative chain reactions were possible, by analogy to the principles of 
in vitro polymer chemistry. All of these predictions have been confirmed during the past 
40 years. This is not true. 

Knowing the truth  
beats living in blissful ignorance  

every time. 
R. M. Howes, M.D., Ph.D. 



4/10/07 

 

 

The realization that energy consumption by mitochondria may result in O 2· production 
linked the free radical theory and the rate of living theory irrevocably: a faster rate of 
respiration, associated with a greater generation of oxygen radicals, hastens aging. By 
now, the two concepts have essentially merged.  Data on birds and bats counter the 
association of EMODs and aging in these theories. 

10.8.4   Sources of Oxidants  

Ground-state diatomic oxygen (3 g O2 or more commonly, O2), despite being a 
radical species and the most important oxidant in aerobic organisms, is 
only sparingly reactive itself due to the fact that its two unpaired electrons are 
located in different molecular orbitals and possess "parallel spins." This flies in the face 
of the axiom that all radicals are highly reactive species, which they are not.  As a 
consequence, if O2 is simultaneously to accept two electrons, these must both possess 
antiparallel spins relative to the unpaired electrons in O2 , a criterion which is not satisfied 
by a typical pair of electrons in atomic or molecular orbitals (which have opposite spins 
according to the Pauli exclusion principle). As a result, O2 preferentially accepts electrons 
one at a time from other radicals (such as transition metals in certain valences). Thus, in 
vivo, typical two- or four-electron reduction of O2 relies on coordinated, serial, enzyme-
catalyzed one-electron reductions, and the enzymes that carry these out typically possess 
active-site radical species such as iron. One- and two-electron reduction of O2 generates 

O 2· and hydrogen peroxide (H2O2), respectively, both of which are generated by 
numerous routes in vivo, as discussed below. In the presence of free transition metals (in 
particular iron and copper), O 2· and H2O2 together generate the extremely reactive 
hydroxyl radical (·OH). Ultimately, ·OH is assumed to be the species responsible for 
initiating the oxidative destruction of biomolecules. In addition to O 2·, H2O2 , and ·OH, 
two energetically excited species of O2 termed "singlet oxygens" can result from the 
absorption of energy (for instance, from ultraviolet light). Designated by the formulas 1

gO2 and 1 g+O2 , both of these species differ from the triplet ground state (3 g O2) in 
having their two unpaired electrons in opposite spins, thereby eliminating the spin 
restriction of ground-state O2 and enabling greater reactivity. Both ground state oxygen 
and superoxide are only minimally reactive and superoxide is a better reductant at 
physiological pH than it is an oxidant. 

It is now beyond doubt that oxidants are generated in vivo and can cause significant harm 
and Beckman and Ames have overlooked the numerous beneficial actions of 
EMODs.  

Because all of these species (O 2·, H2O2 , ·OH, 1 gO2 , and 1 g+O2), by different routes, 
are involved in oxygen's toxicity, Beckman and Ames collectively refer to them 



incorrectly as "oxidants." There are numerous sites of oxidant generation, four of which 
have attracted much attention: mitochondrial electron transport, peroxisomal fatty acid 
metabolism, cytochrome P-450 reactions, and phagocytic cells (the "respiratory burst"). 

It appears mitochondrial electron transport is imperfect, and one-electron reduction of 
O2 to form O 2· occurs. The spontaneous and enzymatic dismutation of O 2· yields H2O2 
, so a significant by-product of the actual sequence of oxidation-reduction reactions may 
be the generation of O 2· and H2O2 . Measurements of H2O2 generation by isolated 
mitochondria indicated that it is maximal when ADP is limiting and the electron carriers 
are consequently reduced ("state 4" respiration) (Boveris, A., and B. Chance. The 
mitochondrial generation of hydrogen peroxide. General properties and effect of 
hyperbaric oxygen. Biochem. J. 134: 707-716, 1973). I believe that this so-called “leak” 
is not a mistake and I believe that it represents a unique path for the formation of 
essential EMODs. 

Estimates of state 4 H2O2 generation by pigeon and rat mitochondrial preparations 
amounted to 1-2% of  total electron flow. When H2O2 is measured with more 
physiological concentrations, the flux is ~10-fold lower (Hansford, R. G., B. A. Hogue, 
and V. Mildaziene. Dependence of H2O2 formation by rat heart mitochondria on substrate 
availablity and donor age. J. Bioenerg. Biomembr. 29: 89-95, 1997), and experiments 
using subcellular fractions of SOD-deficient Escherichia coli suggest in vivo leakage of 
0.1% from the respiratory chain (Imlay, J. A., and I. Fridovich. Assay of metabolic 
superoxide production in Escherichia coli. J. Biol. Chem. 266: 6957-6965, 1991). 

Because two O 2· molecules dismutate (either spontaneously or with the help of mSOD) 
to form one molecule of H2O2 , such results suggest that virtually all mitochondrial H2O2 
may originate as O 2· (Boveris, A., N. Oshino, and B. Chance. The cellular production of 
hydrogen peroxide. Biochem. J. 128: 617-630, 1972). This is incorrect.   

Moreover, because most cellular H2O2 originates from mitochondria, O 2· from the ETC 
may be a cell's most significant source of oxidants (Chance, B., H. Sies, and A. Boveris. 
Hydroperoxide metabolism in mammalian organs. Physiol. Rev. 59: 527-605, 1979). This 
is also wrong. 

Some investigators suggest that the actual role of mSOD in vivo may be to increase 
H2O2 generation (with O 2· as a rapidly consumed intermediate) (Forman, H. J., and A. 
Azzi. On the virtual existence of superoxide anion in mitochondria: thoughts regarding its 
role in pathophysiology. FASEB J. 11: 374-375, 1997).  

Beckman and Ames state that there remains a good deal of uncertainty surrounding the 
mechanisms, quantity, and meaning of mitochondrial O 2· generation in vivo (Nohl, H., 
L. Gille, K. Schonheit, and Y. Liu. Conditions allowing redox-cycling ubisemiquinone in 
mitochondria to establish a direct redox couple with molecular oxygen. Free Radical 
Biol. Med. 20: 207-213, 1996).  



A second source of oxygen radicals is peroxisomal -oxidation of fatty acids, which 
generates H2O2 as a by-product. Peroxisomes possess high concentrations of catalase, 
so it is unclear whether or not leakage of H2O2 from peroxisomes contributes significantly 

to cytosolic oxidative stress under normal circumstances. However, a class of 
nonmutagenic carcinogens, the peroxisome proliferators, which increase the number of 
hepatocellular peroxisomes and result in liver cancer in rodents, also cause oxidative 
stress and damage. Interestingly, during the regeneration of the liver after partial 
hepatectomy, there exist peroxisomes that do not stain for catalase activity, hinting 
that during rapid cell proliferation, oxidant leakage from peroxisomes may be enhanced. 
Again, I believe that this emphasizes the importance of EMODs for self-healing. 

Microsomal cytochrome P-450 enzymes metabolize xenobiotic compounds, usually of 
plant origin, by catalyzing their univalent oxidation or reduction. Although these 
reactions typically involve NADPH and an organic substrate, some of the numerous 
cytochrome P-450 isozymes directly reduce O2 to O 2· and may cause so-called oxidative 
stress. An alternative route for cytochrome P-450-mediated oxidation involves redox 
cycling, in which substrates accept single electrons from cytochrome P-450 and transfer 
them to oxygen. This generates O 2· and simultaneously regenerates the substrate, 
allowing subsequent rounds of O 2· generation. 

Finally, phagocytic cells attack pathogens with a mixture of oxidants and free radicals, 
including O 2·, H2O2 , NO·, and hypochlorite. (RMH Note: This is normal and 
essential for pathogen protection.)  In addition to these four sources of oxidants, there 
exist numerous other enzymes capable of generating oxidants under normal or 
pathological conditions, often in a tissue-specific manner. As originally articulated by 
Harman (Harman, D. Aging: a theory based on free radical and radiation chemistry. J. 
Gerontol. 2: 298-300, 1956), the free radical theory of aging did not distinguish between 
these different sources of oxidants. 

10.8.5   Targets of Oxidants 

The three main classes of biological macromolecules (lipids, nucleic acids, and proteins) 
are susceptible to free radical attack but that does not mean that this occurs in the 
living/breathing cell.   

In the context of aging, a particularly relevant aspect of oxygen's toxicity is its promotion 
by some metals and by elevated O2 partial pressure. Iron and copper catalyze the 
homolytic cleavage of ROOH (the Fenton reaction), leading to the generation of ·OH. In 
humans, the body's content of iron increases with age (in men throughout their lives, 
and in women after menopause), and it has been suggested that this accumulation may 
increase the risk of oxidative damage with age. 

Finally, oxidative stress in vivo is aggravated by increasing O2 partial pressure, due 
to a more pronounced flux of mitochondrial O 2· (Chance, B., H. Sies, and A. Boveris. 
Hydroperoxide metabolism in mammalian organs. Physiol. Rev. 59: 527-605, 1979). 



10.8.6   Antioxidant Defenses  

Cells are equipped with an impressive repertoire of antioxidant enzymes, as well as small 
antioxidant molecules mostly derived from dietary fruits and vegetables. These include 1) 

enzymatic scavengers such as SOD, which hastens the dismutation of O 2· to H2O2 , and 
catalase and glutathione peroxidase (GPX), which convert H2O2 to water; 2) hydrophilic 
radical scavengers such as ascorbate, urate, and glutathione (GSH); 3) lipophilic radical 

scavengers such as tocopherols, flavonoids, carotenoids, and ubiquinol; 4) enzymes 
involved in the reduction of oxidized forms of small molecular antioxidants (GSH 
reductase, dehydroascorbate reductase) or responsible for the maintenance of protein 
thiols (thioredoxin reductase); and 5) the cellular machinery that maintains a reducing 

environment (e.g., glucose-6-phosphate dehydrogenase, which regenerates NADPH). The 
complement of defenses deployed differs not only between organisms or tissues, but even 
between cellular compartments. For instance, GPX plays an important role in 
mammals but is absent from flies and nematodes, and there exist in humans three 
forms of SOD (cytosolic Cu,Zn-SOD, mitochondrial Mn-SOD, and extracellular SOD), 
encoded and regulated independently.  

Clearly, an indifference to oxygen free radicals is allegedly inconsistent with life, 
underlining the centrality of oxidative damage. Moreover, the fact that antioxidant 
defenses are not uniform has been incorporated into the free radical theory; differences in 
antioxidant defenses between species have been put forth to explain differences in life 
span. Although there is something uncomfortably ad hoc in these two different 
interpretations of the data, they are not inconsistent. Whereas aerobic life requires 
organisms to cope with oxidation to some extent, different evolutionary pressures appear 
to have selected for more or less investment in these defenses. 

Measurements of individual antioxidant activities do not have great relevance. In fact, as 

is discussed below, measurements of age-related changes in individual antioxidants have 
led to conflicting results (Sohal, R. S.. The free radical hypothesis of aging: an appraisal 
of the current status. Aging Clin. Exp. Res. 5: 3-17, 1993).  

For this reason, aggregate assays have been devised, such as the susceptibility of crude 
cellular homogenates to in vitro oxidation by ionizing radiation. Although these assays 
do not provide any information about the specific mechanisms of defense, they 
conveniently measure overall effectiveness. 

10.8.7   Repair of Oxidative Damage  

It is clear that cells repair oxidized lipids (e.g., phospholipase A2 cleaves lipid peroxides 

from phospholipids), oxidized nucleic acids (e.g., glycosylases specifically recognize and 
excise oxidized bases from double-stranded DNA), and oxidized proteins.  

The existence of multiple intracellular sources of oxidants and complex defenses has led 
to refinements of the free radical theory. It is clear that the metabolism of oxygen radicals 
is dynamic. The picture has been further complicated by the discovery of specific 



enzymatic repair of oxidative damage, leading to "repair" or "fidelity" versions of the 
theory, in which life span is determined by the failure to correct oxidative damage. An 
extremely important (if experimentally recalcitrant) aspect of the interactions between 
oxidants, antioxidants, and repair are feedback loops, positive and negative, between 

them. Please remember that EMODs have the capacity for self regulation. 

Increases in oxidant generation, and decreases in antioxidant protection and repair 
systems, are among the theory's testable predictions, which it has failed. Antioxidant 
defenses and cellular repair systems have been shown to be induced in response to 
oxidative challenges. Beckman and Ames believe that it is not difficult to envision ways 

in which primary oxidative destruction of any target (e.g., the components of the 
mitochondrial ETC, scavenging enzymes such as SOD, or DNA repair enzymes) might 
promote further oxidative damage in what is frequently called a "catastrophic vicious 
cycle." Their documentation awaits future work, if they exist. 

Three other ideas that have been influential on the evolution of the free radical theory and 
they are the evolutionary concept of antagonistic pleiotropy, the somatic mutation theory 
of aging, and the mitochondrial theory of aging.  

10.8.8   Oxidants and Evolutionary Theories of Aging  

The intracellular generation of oxidants capable of limiting life span appears 
paradoxical. It seems reasonable to expect that natural selection might have devised 
aerobic cells that do not leak toxic by-products. Evolutionary biologists have contributed 

to the free radical theory by suggesting why physiologically harmful generation of 
oxygen radicals occurs. They have argued that natural selection favors genes that act 
early in life and increase reproduction, rather than genes that act to preserve nongerm 
cells (the "disposable soma"), a principle called "antagonistic pleiotropy". This is 
another SWAG.  It is counterintuitive that nature would evolve such a destructive 
“leak” if it endeavors to improve its chances of survival.  

10.8.9   Oxidants and the Somatic Mutation Theory of Aging  

The somatic mutation theory holds that the accumulation of DNA mutations is 
responsible for degenerative senescence. In the case of cancer, which results from both 
point mutations in oncogenes and the loss of tumor suppressor gene function (often by 
deletion), the role of mutations is unquestionable. A compelling argument for the somatic 
mutation theory of aging was provided years ago in the discovery that DNA repair ability 
correlates with species-specific life span. However, it has been noted that DNA repair, 
which is necessary for the prevention of tumorigenesis, is necessary but not sufficient for 
longevity.  

In any case, it has been demonstrated in numerous studies with prokaryotes, yeast, and 
mammalian cells that oxidants are mutagens, against which cells actively protect their 
genetic material. EMODs have not been proven to be mutagens. Although it is not yet 
clear what fraction of mutations can be attributed to oxidative damage.  



The idea that the mitochondrion is uniquely vulnerable to EMOD damage was embraced 
early on by proponents of the free radical theory but has proven to be incorrect. This 
"mtDNA mutation hypothesis of aging," which incorporates free radicals, somatic 
mutations, and the central role of mitochondria in homeostasis, is presently under intense 
scrutiny. 

Almost all of the biomarkers of oxidative stress described in this section have been found 
to accumulate at a faster rate in short-lived species, and in many cases, this rate 
correlates with O2 consumption. Familiarity with the most frequently measured end 
points is a prerequisite to assessing the free radical theory. 

10.8.10   Accumulation of Oxidative End Products  

The gradual and steady accumulation of intracellular yellow-brown fluorescent pigments, 
referred to as lipofuscin, occurs in numerous phyla. In 2006, we do not know the 
significance of lipofuscin presence or of any possible role for it. Even Beckman and 
Ames admit that despite extensive in vitro experiments, it is not known with certainty 
how lipofuscinogenesis occurs in vivo, nor how lipofuscin comes to accumulate with age.  

10.8.11   Steady-State Levels of Oxidative Modification  

Unlike cytosolic proteins whose half-lives are measured in minutes or hours, some 
extracellular proteins are rarely recycled, and oxidative modification of these old 
macromolecules occurs. A class of fluorescent cross-linked molecules that is distinct from 
lipofuscin forms on long-lived proteins such as collagen and lens crystallin. These 
modifications are initiated by the reaction of reducing sugars with free amino groups 
(glycation), a chemical sequence that is unrelated to oxidation and results in a molecule 
known as an Amadori product. Further nonoxidative rearrangements result in stable, 
cross-linked advanced glycation end products (AGEs).  

Somewhat stronger evidence that protein oxidation may play a causative role in 
senescence comes from comparisons of "crawlers" versus "fliers" of the same aging 
cohort. Inconsistencies are the rule here. Humans suffering from Werner's syndrome, a 
disease characterized by premature senescence, are individuals whose phenotypic aging is 
also accelerated, and they too appear to have more extensive protein oxidation. 
Fibroblasts from Werner's patients of all ages have a level of protein carbonyls equivalent 
to that in 80-yr-old controls. 

Are protein carbonyls physiologically relevant, or are they merely markers? What are the 
actual consequences of protein modification? Unfortunately, there are few quantitative 
data with which to answer this question.  

The oxidative modification of DNA has also been studied in animals of different 
ages, with conflicting results. It has become apparent that the measurement of the 
adduct oxo8dG is frequently plagued by artifacts. Because of the small number of studies 

of mtDNA and the high variability between the measured values, it is not yet possible to 



conclude that mtDNA is, in fact, more heavily oxidized than nDNA. There is virtually no 
information about the likely effect of oxidative DNA damage in vivo. 

10.8.12   Oxidative Depletion of Biochemical Pools  

The oxidative depletion of molecules with increasing age has not been well documented 
in senescent animals, since the destruction of molecules does not often leave traces.  

Studies that have measured age-related changes in antioxidant defenses have generated 
conflicting results. 

When studies of oxidant induced age-related antioxidant levels are combined, what 
remains is a confusing assemblage of ambiguous trends. Interactions between 
antioxidants are complex, which aggravates the problem. 

The bulk of evidence suggests that there is probably not an overall age-associated change 
in the intrinsic ability of cells to degrade damaged proteins.  

Altogether, the results above suggest that older cells may be less able to prevent oxidative 
damage from occurring, and less effective at removing the damage once it has occurred. 
There is a clear need for more and better data about age-related trends in defenses and 
repair. 

The accumulation of oxidative damage could also result from an age-associated increase 
in the primary generation of oxidants, and some research suggests that this is the case but 
it is far from proven. Beckman and Ames have concluded that the picture that emerges is 
a potential "vicious cycle" of oxidative damage and oxidant generation. 

Results suggest that the evolution of longevity has not been associated with a clear-
cut increase in antioxidant capacity, at least across the broad sweep of evolution. In any 
case, what emerged from the comparative biochemistry of free radical defenses is a 
fascinating paradox: birds, which typically have much longer long life spans than 
rodents, have lower activities of antioxidants and higher metabolic rates. This paradox 
has inspired the interspecies comparisons of mitochondrial oxidant generation.  

The rate of living hypothesis identified an inverse correlation between metabolic rate and 
life span, and the free radical theory supplied a convenient mechanistic link: the 
mitochondrial generation of oxidants. Appealing as this theory is, one of the problems 
with the rate of living hypothesis is the conspicuous lack of fit of a few groups, notably 
birds and primates. Both of these groups live longer than their specific metabolic rate 

would predict. 

Yet, Beckman and Ames conclude that taken together, interspecies comparisons of 
oxidative damage, antioxidant defenses, and oxidant generation provide some of the most 

compelling evidence that oxidants are one of the most significant determinants of life 



span. I believe that lack of convincing evidence undermines the free radical theory of 
aging. 

It is said that a humming bird eats 2X its body weight each day and that the shrew eats 
3X its body weight per day.  The humming bird eats the equivalent of 200,000 cal/d or 
170# of hamburger.  Both animals are only 2 hours away from starvation.  According to 
the rate of living theory of aging, these animals are doomed from day one…..but they are 
not. 

 

 

10.8.13   Dietary restriction 

Limiting the dietary intake of mammals is a well-established way to extend life span 
(Weindruch, R., R. L. Walford, S. Fligiel, and D. Guthrie. The retardation of aging in 
mice by dietary restriction: longevity, cancer, immunity and lifetime energy intake. J. 
Nutr. 116: 641-654, 1986).  

Interestingly, early expectations that dietary restriction (DR) would lower metabolic rate 
per se have not been confirmed, and so if DR attenuates oxidative damage, it is not via a 
simple reduction in oxygen consumption (Weindruch, R., and R. S. Sohal. Seminars in 
medicine of the Beth Israel Deaconess Medical Center. Caloric intake and aging. N. Engl. 
J. Med. 337: 986-994, 1997). Not only caloric restriction, but also restriction of protein 
intake, can forestall the occurrence of cancer in rodent models. 

10.8.14   Dietary antioxidants 

As one of the most intuitive approaches to testing the free radical theory, nutritional 
supplementation has been attempted with numerous species and compounds, with the 
result that mean life span has been extended in some instances (Harman, D.. The aging 
process. Proc. Natl. Acad. Sci. USA 78: 7124-7128, 1981).  

Negative results from the feeding of antioxidants have been rationalized by arguing that 
many of the antioxidants fed to mammals interfere with mitochondrial respiration, and so 
the failure of antioxidant trials to extend MLSP may have been due to their toxicity 
(Harman, D. H.. Free radical theory of aging: effects of antioxidants on mitochondrial 
function. Age 10: 58-61, 1987).  

No large-scale human nutritional intervention trials have been aimed specifically at the 
study of aging.  

In spite of overwhelming data to show the unpredictability of dietary antioxidants, 
Beckman and Ames conclude that, “These negative results, as well as negative results 
described above using laboratory rodents, should not be taken as evidence that 



the free radical theory of aging is flawed. In fact, they prove merely that a 
complex organism like a human or rodent is unlikely to respond predictably to crude 
manipulations such as supplementation with one or a small number of compounds, as well 
as that a single end point (such as lung cancer) is not equivalent to aging. Since the time 
when the results of these human trials were announced, a number of explanations have 
been forwarded to explain the paradoxical promotion of cancer by -carotene.”  “….until 
the biochemistry of dietary and cellular antioxidants is better understood, dietary trials in 
laboratory animals or humans will remain unreliable tests of the free radical theory; 
molecular gerontology should focus on more instructive experiments.” In essence, they 
turn a blind eye to negative studies with antioxidants and ignore the lack of 
predictability. 

10.8.15   Pharmacological antioxidants 

Preliminary results for pharmacological antioxidants held great promise, not only for the 
study of aging, but also for its therapeutic treatment, subsequent experiments reported 
that the results were irreproducible (Cao, G., and R. G. Cutler. Protein oxidation and 
aging. I. Difficulties in measuring reactive protein carbonyls in tissues using 2,4-
dinitrophenylhydrazine. Arch. Biochem. Biophys. 320: 106-114, 1995).  

10.8.16   In vitro senescence and oxidants 

The growth of normal diploid fibroblast in vitro is limited; after a specific number of 
population doublings (PDs) characteristic of the species, tissue, and age of the donor (the 
"Hayflick limit," named for the phenomenon's discoverer), the cells cease replication, 
which culminates in a viable, nondividing population with characteristic "senescent" 
morphology (Cristofalo, V. J., and R. J. Pignolo. Replicative senescence of human 
fibroblast-like cells in culture. Physiol. Rev. 73: 617-638, 1993).  

Is there any evidence that oxidative damage contributes to it? As early as the mid 1970s, 
this hypothesis was tested, by culturing human fibroblasts under conditions of low O2 
partial pressures and supplementing culture medium with the antioxidant -tocopherol, 
with somewhat equivocal results. During the 1980s, a handful of studies documented the 
increased sensitivity of late-passage cells to oxidant challenge and noted that hyperoxic 
exposure could shorten in vitro life span. Later studies, looking to PD-dependent changes 
in antioxidant defenses as a potential explanation for the increased sensitivity of late-
passage cells to oxidants, failed to account for these observations (Poot, M.. Oxidants and 
antioxidants in proliferative senescence. Mutat. Res. 256: 177-189, 1991), although an 
impaired ability of late-passage cells to reinitiate DNA synthesis after hyperbaric O2 
exposure was established. 

It appears to me that increases in SOD are associated with increased longevity and 
decreased senescence.  This would increase the levels of H2O2 and increase the 
oxidative capacity of the cells. 

10.8.17   Molecular genetics 



10.8.18   Oxidants and Nuclear Somatic Mutations  

Oxidants are twice removed from the somatic mutation theory of aging, since two 
requirements need to be satisfied for the relevance of oxidants to be ensured: 1) oxidants 
must account for a significant proportion of mutations, and 2) mutations must account for 
a significant proportion of the phenomena of aging. 

Mutagenesis in cells from humans with Fanconi's anemia, a condition associated with 
oxidative stress, displayed a higher mutation frequency than controls and a marked 

increase in mutation frequency in response to the elevation of O2 partial pressure 
(Liebetrau, W., T. M. Runger, B. E. Mehling, M. Poot, and H. Hoehn. Mutagenic activity 
of ambient oxygen and mitomycin C in Fanconi's anaemia cells. Mutagenesis 12: 69-77, 
1997). However, please remember that anemia is a hall mark for cancer and 
mutagenesis and hypoxia is the rule for neoplastic cells. 

According to Beckman and Ames, “The quantitative contribution of oxidants in 
somatic mutagenesis is an open (and important) question.”  

10.8.19  Oxidants and Mitochondrial Somatic Mutations 

There are reasons to believe that the deletion of mtDNA may stem from oxidative 
damage. For one, the steady-state burden of oxidative adducts in mtDNA has been 
measured to be 16-fold higher in rat mtDNA than in nuclear DNA. However, recent 
studies by Halliwell has refuted this work. A recent attempt to measure an increase in 
somatic point mutations in human skeletal muscle was unsuccessful (Pallotti, F., X. Chen, 
E. Bonilla, and E. A. Schon. Evidence that specific mtDNA point mutations may not 
accumulate in skeletal muscle during normal human aging. Am. J. Hum. Genet. 59: 591-
602, 1996). According to Beckman and Ames, “It remains to be shown that known 
somatic mtDNA mutations do, in fact, result in increased oxidant generation.” 

10.8.20   Transgenic organisms 

10.8.21   Transgenic Drosophila  

The modern acid test of a biological theory is the generation of a transgenic organism, 
and recent efforts to genetically engineer long-lived Drosophila by bolstering antioxidant 
defenses have been successful. The first such efforts involved the introduction of a bovine 
cDNA for Cu,Zn-SOD into Drosophila, which resulted in a significant increase in SOD 
activity as well as resistance to oxidative stresses and a small, statistically significant 
increase in mean life span.  

According to Beckman and Ames, “In short, the predictions of the free radical theory 

were confirmed.”  However, this is not true. SOD increases the oxidative capacity of 
the cell and does not increase its antioxidant activity. 

10.8.22  Transgenic Mice  



Ultimately, transgenic mice are the molecular gerontologist's Holy Grail, and it is not 
until similar experiments are performed in mice that the free radical theory will have been 
satisfactorily tested. As has been stressed, antioxidant defenses are interactive and 
coordinately regulated, and it has become apparent that oxidants play important roles 
as signaling molecules (Serrano, M., A. W. Lin, M. E. MCCurrach, D. Beach, and S. W. 
Lowe. Oncogenic ras provokes premature cell senescence associated with accumulation 
of p53 and p16INK4a. Cell 88: 593-602, 1997).  

It has been recently discovered that a complete knockout of Cu,Zn-SOD has a phenotypic 

effect only on a small subset of motor neurons thought to be involved in amyotrophic 
lateral sclerosis (Reaume, A. G., J. L. Elliott, E. K. Hoffman, N. W. Kowall, R. J. Ferrante, 
D. F. Siwek, H. M. Wilcox, D. G. Flood, M. F. Beal, and R. H. Brown. JR., R. W. Scott, 
AND W. D. Snider. Motor neurons in Cu/Zn superoxide dismutase-deficient mice develop 
normally but exhibit enhanced cell death after axonal injury. Nature Genet. 13: 43-47, 
1996).  

Even more surprising, the recent elimination of the enzyme GPX in a transgenic knockout 

mouse model resulted in generally normal, fertile mice without overt signs either of 
oxidative stress or increased sensitivity to oxidants (Ho, Y.-S., J.-L. Magnenat, R. T. 
Bronson, J. Cao, M. Gargano, M. Sugawara, and C. D. Funk. Mice deficient in cellular 
glutathione peroxidase develop normally and show no increased sensitivity to hyperoxia. 
J. Biol. Chem. 272: 16644-16651, 1997). 

10.8.23   Sporadic degenerative diseases 

In the form of the specific age-related diseases in elderly humans, there exists a natural 
laboratory of oxidative stress. Research into the etiology of AD [and also Parkinson's 
disease, amyotrophic lateral sclerosis, and dozens of other age-related disorders] is 
revealing that cytotoxicity very frequently involves oxidative stress. Investigation of the 
etiologies of human degenerative disease implicate oxidative stress in cancer, 
atherosclerosis, diabetes, and neurodegeneration, to name a few.  EMODs have not 
been proven to be causative of a single disease entity.  My books have 
discussed in detail the failed association of EMODs to the above 
diseases. 

10.8.24   Inherited degenerative diseases 

According to Beckman and Ames, “There is consequently no obvious causal link 
between mutations in Werner’s disease and oxidative damage.” 

From outside the body, polluted urban air, cigarette smoke, iron and copper salts, some 
phenolic compounds found in many plant foods, and various drugs may all contribute 
FRs or provoke FR reactions (Leibovitz, B. & Siegel, B. (1980) "Aspects of free radical 
reactions in biological systems: aging" J Gerontal 35: 45-56) (Ames, B. et al (1993) 
"Oxidants, antioxidants, and the degenerative diseases of aging" Proc Natl Acad Sci USA 
90: 7915-22). 



The FRTA has generated a massive amount of research designed to support or refute the 
theory. In a major review of the FRTA in 1998, Beckman and Ames surveyed 14 areas 
of research which have offered varying degrees of support to the FRTA, including 
oxidative phenomenology, interspecies comparisons, dietary (calorific) restriction, 
manipulation of the rate of living, manipulation of oxygen concentration, dietary 
antioxidant supplementation, pharmacological antioxidant administration, in vitro 
senescence studies, classical and population genetics, molecular genetics, transgenic 
organisms, sporadic degenerative diseases, inherited degenerative diseases and 
epidemiology (Beckman, K. & Ames, B. (1998) "The free radical theory of aging 
matures" Physiol Rev 78: 548-81). 

 Beckman and Ames note that; "Together, interspecies comparisons of oxidative damage, 
antioxidant defences, and oxidant generation provide some of the most compelling 
evidence that oxidants are one of the most significant determinants of life span." 
(Beckman, K. & Ames, B. (1998) "The free radical theory of aging matures" Physiol Rev 
78: 548-81) (Sohal, R. & Weindruch, R. (1996) "Oxidative stress, caloric restriction, and 
aging" Science 273: 59-63). 

10.8.25   Epidemiology of EMODs and antioxidants 

Nutritional epidemiology has suggested that dietary antioxidants are crucially involved in 
the prevention of degenerative disease, and global epidemiological studies have pointed to 
geographical and economic antioxidant deficiencies in their localized occurrence. 
However, they have been proven to be wrong and misleading.  According to Beckman 
and Ames, “To date, however, the epidemiological study of senescence is merely a 
theoretical possibility and awaits powerful tools before it can be affordably attempted.” 

10.8.26   Summary 

Before a discussion of the merits of individual experiments, it should be stressed that if 
one is to judge them by their abilities to falsify the free radical theory, they are all bound 
to fail, for the simple reason that the free radical theory is very hard to falsify. The 
absence of a predicted outcome (for instance, life span extension by antioxidant 
supplementation) may often be explained by (justifiable) ad hoc reasoning. The 
physiology of oxidative stress, being a complex interaction of endogenous and exogenous 
factors, generally permits the "explanation" of negative results. I believe that these are 
excuses and the SWAGs. 

According to Beckman and Ames, “Although no single line of reasoning alone permits 
definitive conclusions, together they present a compelling case.”  There is no compelling 
case. Frequently, trends are only correlations.  

Although early predictions that dietary restriction (DR) would result in a lower metabolic 
rate have proved unfounded (Sohal, R. S., and R. Weindruch. Oxidative stress, caloric 
restriction, and aging. Science 273: 59-63, 1996), the discovery that oxidative defenses 
are enhanced by DR have strengthened both the free radical theory and the concept of 



antagonistic pleiotropy. Currently, results from DR studies are merely consistent with 
the free radical theory. 

According to Beckman and Ames, “Manipulation of metabolic activity and oxygen 
concentration are interesting systems, if of somewhat questionable relevance to normal 
aging.” 

Attempts to manipulate life span with nutritional and pharmacological antioxidants have 
not quite lived up to their promise. 

According to Beckman and Ames, “The answer to the question of whether or not the 
free radical theory has yet been confirmed depends on one's conception of what the 
theory predicts. In its broader sense ("oxidants contribute significantly to the process of 
degenerative senescence"), the theory has clearly been validated. In the more strict sense 
of the theory ("oxidants determine MLSP"), the data are not yet conclusive.” 

In short, both the machinery and impact of apoptosis are still incompletely understood; 
conclusions about the interplay among oxidants, apoptosis, and aging will have to await 
further experimentation (Warner, H. R., R. J. Hodes, and K. Pocinki. What does cell 
death have to do with aging? J. Am. Geriatr. Soc. 45: 1140-1146, 1997). 

The arrival of "redox regulation" as a viable field of inquiry, as evidenced by numerous 
topical recent reviews, may usher in a period when oxidants are seen as molecules of 
central physiological importance.  

On the other hand, in its more narrow conception ("oxidants define MLSP"), the free 
radical theory still lacks experimental confirmation. 

According to Beckman and Ames, “In conclusion, despite the growing concensus that 
the oxidants and oxygen free radicals are involved in degenerative senescence, countless 
mechanistic questions remain to be uncovered, as well as a central outstanding unknown: 
Do oxidants determine maximum life span in humans and other organisms?” 

10.9.0   My conclusions of the Beckman and Ames’ evidence  

Ames, Beckman and Harman have erroneously agrued that size of biota determine their 
metabolic rates, oxygen utilization and subsequently the length of their life spans.  The 
following chart dispels this myth. 

10.9.1   Maximum life span chart 

TYPE MAXIMUM LIFE SPAN

Adult mayfly  1-3 days  

Marigold  1 year  

Mouse  3 years  



Guppy  5 years  

Large beetles  5-10 years  

Swallow  9 years  

Coyote  15 years  

Giant spider  20 years  

Toad  36 years  

Lobster  50 years  

Crocodile  60 years  

Sea anemone  70 years  

Elephant  77 years  

Blue whale  80 years  

Golden eagle  80 years  

Sturgeon  100 years  

Tortoise  100-150 years 

Human  113 years  

Giant sequoia  4000 years  

Creosote bush 11,700 years 

 

Source: MSN Encarta 

All humans may be versions of Adam and Eve 
and you and I may be versions of each other. 

Yet, we muster change and variability 
to produce a resilient spectrum of individuality  

from criminals to saints, 
from geniuses to idiots, 

and from the one known as “me” 
 to the one known as “you” . 

Life is “way cool.” 
R. M. Howes, M.D., Ph.D. 

6/17/07  

 

 

They use the term “oxidant” incorrectly. 



Beckman and Ames categorize the literature in sections, which include phenomenological 
measurements of age-associated oxidative stress, interspecies comparisons, dietary 
restriction, the manipulation of metabolic activity and oxygen tension, treatment with 
dietary and pharmacological antioxidants, in vitro senescence, classical and population 
genetics, molecular genetics, transgenic organisms, the study of human diseases of aging, 
epidemiological studies, and the ongoing elucidation of the role of active oxygen in 
biology.  None of these categories proves the validity of the free radical theory. 

They only see EMODs as damaging agents.  This is wrong! 

The menagerie of animals and techniques sometimes obscures the logic in aging 
experiments. 

Ground-state diatomic oxygen (3 g O2 or more commonly, O2), despite being a 
radical species and the most important oxidant in aerobic organisms, is 
only sparingly reactive itself. Thus, ground state oxygen is a double 
radical. Yet, article after article states that all free radicals are damaging and highly 
reactive agents. This is not true. 

Beckman and Ames have overlooked the numerous beneficial actions of EMODs.  

Data on birds and bats counter the association of EMODs and aging in these 
theories. 

Increases in oxidant generation, and decreases in antioxidant protection and repair 
systems, are among the free radical theory's testable predictions, which have 
repeatedly failed. 

The intracellular generation of oxidants capable of limiting life span appears 
paradoxical. 

The oxidative modification of DNA has also been studied in animals of different 
ages, with conflicting results. 

The evolution of longevity has not been associated with a clear-cut increase in 
antioxidant capacity. 

What emerged from the comparative biochemistry of free radical defenses is a fascinating 
paradox. 

Early expectations that dietary restriction (DR) would lower metabolic rate per se have 
not been confirmed. 

In spite of overwhelming data to show the unpredictability of dietary antioxidants, 
Beckman and Ames conclude that, “These negative results, as well as negative results 



described above using laboratory rodents, should not be taken as evidence that 
the free radical theory of aging is flawed.  Actually, I believe that this not 
only shows its flaws but that it, in fact, invalidates the theory. 

Preliminary results for pharmacological antioxidants held great promise, not only for the 
study of aging, but also for its therapeutic treatment, subsequent experiments reported 
that the results were irreproducible. 

According to Beckman and Ames, “It remains to be shown that known somatic mtDNA 
mutations do, in fact, result in increased oxidant generation.” 

It has become apparent that oxidants play important roles as signaling molecules. 

According to Beckman and Ames, “The quantitative contribution of oxidants in 
somatic mutagenesis is an open (and important) question.”  

According to Beckman and Ames, “There is consequently no obvious causal link 
between mutations in Werner’s disease and oxidative damage.” 

According to Beckman and Ames, “To date, however, the epidemiological study of 
senescence is merely a theoretical possibility. 

According to Beckman and Ames, “Manipulation of metabolic activity and oxygen 
concentration are interesting systems, if of somewhat questionable relevance to normal 
aging.” 

According to Beckman and Ames, “The answer to the question of whether or not the 
free radical theory has yet been confirmed depends on one's conception of what the 
theory predicts. In the more strict sense of the theory ("oxidants determine MLSP"), the 
data are not yet conclusive.” 

I believe that they convincingly present conclusive evidence for the invalidation of 
the free radical theory. 

 

I can change the world,  
if I can get its attention and 

if I can get my theories acted upon. 
R. M. Howes, M.D., Ph.D. 

4/15/07  

------- 

10.9.2   Anti-aging supplements (DHEA and testosterone) do not work 



The fountain of youth apparently does not yet come in a pill. Widely used DHEA 
supplements and testosterone patches failed to deliver their touted anti-aging 
benefits in one of the first rigorous studies to test such claims in older men and women. 
The substances did not improve the participants' strength, their physical 
performance, or certain other measures of health, according to Brian Stobbe of the 
Associated Press. 

"I don't think there's any case for administering these" to elderly people, said Dr. K. 
Sreekumaran Nair of the Mayo Clinic, lead author of the study, published in the 10/19/06 
issue of the New England Journal of Medicine. 

DHEA, a steroid that is a precursor to the sex hormones testosterone and estrogen, is 
made by the body, but levels decline rapidly after age 25. DHEA supplements are 
marketed as rejuvenating agents, and U.S. sales hit $50 million last year. 

Testosterone is available by prescription only. But the Food and Drug Administration 
classifies DHEA as a supplement, meaning it can be sold without meeting the same 
safety and effectiveness standards as a drug. Some athletes use DHEA and testosterone to 
try to boost performance, often in violation of athletic association rules. The NFL and 
other professional sports have banned DHEA. Cycling officials have moved to strip 
the Tour de France title from winner Floyd Landis, after a French laboratory found 
elevated testosterone levels in his urine. 

Apart from this type of use, scientists have wondered if the substances might help older 
people. Studies with rodents offered tantalizing results that showed DHEA seemed to 
decrease fat and fight diabetes and heart disease. But there have been few rigorous 
scientific studies in humans. A French study of DHEA in 280 elderly people, 
reported in 2000, found the only benefit was an increase in female libido. A Dutch 
study this year found no benefit of DHEA in 100 men 70 and older. 

The new study was done by researchers at the Mayo Clinic in Minnesota and the 
University of Padua in Italy. Over two years, the researchers studied 57 women and 87 
men, all of them at least 60 years old. The women were given standard daily doses of 
DHEA or identical fake pills. The men were given real or fake DHEA, as well as a 
testosterone skin patch or a placebo patch. Blood samples were taken every three months. 
Participants also were examined for any changes in body fat, hormone levels, bone 
density, and performance on treadmill, weightlifting and leg flexibility tests. The men 
and women also filled out questionnaires about how they felt and their quality of life. 

Although DHEA and testosterone levels increased in the men and women who took 
the real treatments, there was no effect on physical performance, quality of life or 
the body's ability to lower levels of blood sugar. 

The testosterone treatments led to a small but significant increase in the amount of 
body weight free of fat, but that did not correspond to any improvements in 
strength. DHEA had no such effects. DHEA appeared to improve density in bones in the 



arm and neck, but not in the back and hip, Nair said. "That shows an inconsistent or 
minor effect," he said. 

No harmful side effects were detected. That is good news, but it does not mean the 
supplements are altogether safe, said Simon Yeung, manager of the Web site on 
supplements and integrative medicine at the Memorial Sloan-Kettering Cancer Center in 
New York. 

In the study, testosterone was given in low doses. Higher levels might have more benefit, 
but doctors worry testosterone may also raise the risk of prostate cancer, Yeung said. 
As for DHEA, cancer specialists worry it may increase certain patients' risks of 
breast and prostate cancer, he said. 

Dr. Paul Stewart of England's University of Birmingham said in an accompanying 
editorial that more research should be done on DHEA, and if it proves safe and effective, 
it should be regulated as a drug. "Without a reversal of the current U.S. legislation, 
DHEA is likely to continue to be used inappropriately, and quackery will prevail," 
Stewart wrote.  

Andrew Shao of the Council for Responsible Nutrition, a supplement trade organization, 
said DHEA should not be regulated as a drug because people do not use it to treat a 
specific illness. A pharmaceutical designation does not guarantee safety, added Shao, 
referring to Vioxx and other FDA-approved drugs that had to pulled from the market. 

10.9.3   Effects of castration and testosterone replacement on the antioxidant defense  

There is strong evidence that oxidative stress plays a key role in the pathophysiology of 
several cardiovascular diseases. On the other hand, the presence of specific receptors for 
androgens and estrogens in the myocardium implies that sex hormones play a 
physiological role in cardiac function, myocardial injury, and the regulation of the redox 
state in the heart. The present study was designed to determine whether castration and 
androgen replacement result in changes in the capacity of the antioxidant defense system 
in the left ventricle (LV) of adult male rats. To assess this, the activities of antioxidant 
enzymes (superoxide dismutase [SOD], glutathione peroxidase [GPX], catalase [CAT], 
and glutathione reductase [GR]), concentrations of nonenzymatic antioxidants (reduced 
glutathione [GSH] and α- and γ-tocopherols), and oxidative stress biomarkers (tissue 
sulfhydryl groups, protein nitrotyrosine levels, and lipid peroxidation) were measured in 
castrated animals (CAS), castrates replaced with testosterone (CAS+T), and sham-
operated controls (Sham). Testosterone was not detectable in serum from 
gonadectomized rats. The results indicate that castration significantly and negatively 
affected the antioxidant status of rat LV, as evidenced by a significant decline in 
activities of all antioxidant enzymes, by a tendency toward lower levels of GSH and 
protein thiol groups, and by enhanced lipid peroxidation and higher nitrotyrosine 
concentrations in left ventricular tissue. Increases in LV tissue concentrations of α- and γ-
tocopherols seem to be a compensatory response to enhanced oxidative stress induced by 
gonadectomy. The reestablishment of physiological serum testosterone level by androgen 



replacement resulted in a tendency toward a further decrease in the antioxidant defense 
status in the LV tissue (Effects of Castration and Testosterone Replacement on the 
Antioxidant Defense System in Rat Left Ventricle. B. Kłapcińska et al. The Journal of 
Physiological Sciences. Vol. 58 (2008) , No. 3 173-177).  I believe that this confirms 
the antioxidant quality of testosterone.  It can effectively reduce EMOD levels 
leading to and EMOD insufficiency state and result in increased risk of prostate 
cancer.  This is also the reason that castration is the best treatment for prostate 
cancer, in that it allows for an increased EMOD level and EMOD-induced apoptosis 
of neoplasia. 

10.9.4   Castration increased SOD and decreases CAT levels 

Human and animal immune functions present sex dimorphism that seems to be mainly 
regulated by sex hormones. In the present study, the activities of the antioxidant enzymes 
total superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) 
were measured in intraperitoneal resident macrophages from adult male and female rats. 
In addition to comparing males and females, we also examined the regulation of these 
enzyme activities in macrophages by sex steroids. GSH-Px activity did not differ between 
male and female macrophages. However, both total SOD and CAT activities were 
markedly higher in females than in males (83 and 180%). Removal of the gonads in 
both males and females (comparison between castrated groups) 
increased the difference in SOD activity from 83 to 138% and reduced 
the difference in CAT activity from 180 to 86%. Castration and testosterone 
administration did not significantly modify the activities of the antioxidant enzymes in 
male macrophages. Ovariectomy did not affect SOD or GSH-Px activity but markedly 
reduced (48%) CAT activity. This latter change was fully reversed by estrogen 
administration, whereas progesterone had a smaller effect. These results led us to 
conclude that differences in the SOD and CAT activities may partially explain some of 
the differences in immune function reported for males and females. Also, estrogen is a 
potent regulator of CAT in macrophages and therefore this enzyme activity in 
macrophages may vary considerably during the menstrual cycle (Regulation of 
antioxidant enzyme activities in male and female rat macrophages by sex steroids. R.B. 
Azevedo et al. Braz J Med Biol Res, May 2001, Volume 34(5) 683-687).  I believe that 
the increase in peroxide producing SOD and decrease in peroxide destroying CAT 
both tend to increase EMOD levels and is responsible for the beneficial effect of 
castration in the treatment of prostate cancer. 

Prostate cancer becomes more prevalent exactly at the time of a man's life when 
testosterone levels decline.  It has been known since the 1940s that severe reductions of 
testosterone can cause shrinkage of metastatic prostate cancer. 

11.0.0   Bruce Ames’ approach to supplements 

Americans’ intake of the 40 essential micronutrients (vitamins, minerals, and other 
biochemicals that humans require) is commonly thought to be adequate. Classic 
deficiency diseases, such as scurvy, beriberi, pernicious anemia, and rickets, are rare. 



Now, carbohydrates and fats are remarkably inexpensive, and the United States has an 
obesity epidemic associated with micronutrient malnutrition (Kant, A. K. (2000) 
Consumption of energy-dense, nutrient-poor foods by adult Americans: nutritional and 
health implications. The Third National Health and Nutrition Examination Survey, 1988–
1994. Am. J. Clin. Nutr. 72:929-936). 

A multivitamin-mineral pill is inexpensive, reportedly recognized as safe, and supplies 
the range of vitamins and minerals that a person requires, although not the essential (n-3) 
fatty acids. Inadequate intake of (n-3) fatty acids is allegedly widespread (Simopoulos, A. 
P. (2001) n-3 Fatty acids and human health: defining strategies for public policy. Lipids 
36(suppl.):S83-S89). Fish-oil supplements with these essential fatty acids (EFAs) are 
available and inexpensive. Inadequate intake of both soluble and insoluble fiber is 
also allegedly widespread (Institute of Medicine of the National Academies (2002) 
Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, 
Protein, and Amino Acids (Macronutrients) 2002 National Academies Press Washington, 
DC). Fiber supplementation also is inexpensive. Fortification of food is another useful 
approach, but it has been implemented very slowly, as with folate fortification. Moreover, 
fortification of food does not allow for differences between individuals. 

Deficiencies of vitamin B-12, folic acid, vitamin B-6, niacin, vitamin C, vitamin E, iron, 
or zinc allegedly appear to mimic radiation in damaging DNA by causing single- and 
double-strand breaks, oxidative lesions, or both. Half of the population may be deficient 
in at least one of these micronutrients (Ames, B. N. (2001) DNA damage from 
micronutrient deficiencies is likely to be a major cause of cancer. Mutat. Res. 475:7-20).  

Micronutrient deficiency may explain in part why the quarter of the population that 
consumes the fewest fruits and vegetables (5 portions/d is advised) has about double the 
incidence rate for most types of cancer, compared with the quarter with the highest 
intake: 80% of American children and adolescents and 68% of adults do not consume 5 
portions/d. 

Folate, vitamin B-12, or vitamin B-6 deficiencies cause homocysteine accumulation, a 
risk factor for vascular diseases such as microangiopathy and macroangiopathy. Recent 
research points to an association of vascular dementia and Alzheimer’s disease related to 

homocysteine. Multiple brain infarcts and vascular damage in the brain are caused by 
hypomethylation of DNA and proteins that expose neurons to greater damage and 
apoptosis. Many reports support the case that low intake of folate, vitamin B-12, and 
vitamin B-6, with accompanying homocysteine accumulation, contributes to 
Alzheimer’s disease (Duthie, S. J., Whalley, L. J., Collins, A. R., Leaper, S., Berger, K. 
& Deary, I. J. (2002) Homocysteine, B vitamin status, and cognitive function in the 
elderly 2002 Am. J. Clin Nutr. 75 908–913).  

11.0.1   Iron deficiency 

Iron deficiency (25% of women of menstruating age in the United States ingest <50% of 
RDA) causes oxidative damage to mitochondria and mitochondrial DNA in rats. 



Members of low-income groups tend to have the lowest levels and intake. I believe that 
according to the free radical theory, iron combines with hydrogen peroxide to form 
the hydroxyl radical via the Fenton reaction. Thus, an iron deficiency should lead to 
decreased levels of EMODs, which is contrary to the above statement. 

Iron deficiency causes decreased heme levels in the mitochondria, which results in 
dysfunctional mitochondria and neurodegeneration (Atamna, H., Killilea, D. W., Killilea, 
A. N. & Ames, B. N. (2002) Heme deficiency may be a factor in the mitochondrial and 
neuronal decay of aging. Proc. Natl. Acad. Sci. U.S.A. 99:14807-14812). 

Iron deficiency in the mitochondria appears at higher iron intakes than anemia. Many 
reports show that inadequate iron intake causes cognitive dysfunction in rats and humans 
by altering metabolic processes such as mitochondrial electron transport and 
neurotransmitter synthesis and degradation. Iron deficiency causes neurological 
impairment in children, possibly through the effect on mitochondria. Comprehensive 

reviews compiled by Beard and Pollitt detail the effects of iron deficiency on 
psychomotor and cognitive development, low-birth-weight infants, and perinatal 
mortality (Beard, J. L. (2001) Iron biology in immune function, muscle metabolism and 
neuronal functioning. J. Nutr. 131:568S-580S). A large number of studies report 
beneficial effects of micronutrient supplementation on cognitive function in children. 

Heme biosynthesis occurs predominantly in the mitochondria.  Interfering with heme-
a synthesis causes specific loss of complex IV with consequent release of oxidants. Iron 
deficiency (25% of menstruating women in the U.S. ingest <50% of RDA) also causes 
release of oxidants and mitochondrial decay, presumably through lack of heme. 

11.0.2   Zinc deficiency 

Zinc deficiency (10% of the U.S. population ingests <50% of RDA) in human cells in 
culture causes oxidative DNA damage and inactivates Cu,Zn-superoxide dismutase, 
tumor suppressor protein p53 (a zinc protein), and oxidative DNA repair; these effects can 
multiply to cause severe genetic damage (Ho, E., Courtemanche, C. & Ames, B. N. 
(2003) Zinc deficiency induces oxidative DNA damage and increases P53 expression in 
human lung fibroblasts. J. Nutr. 133:2543-2548).  

Zinc deficiency induces oxidative stress within the cell and damages DNA. Zinc 
deficiency in infants and children arrests cognitive development through altered attention 
level, motor development, and neuropsychological behavior.  

11.0.3   Oxidative mitochondrial decay 

Oxidative mitochondrial decay is a major contributor to aging (Helbock, H. J., Beckman, 
K. B., Shigenaga, M. K., Walter, P. B., Woodall, A. A., Yeo, H. C. & Ames, B. N. (1998) 
DNA oxidation matters: the HPLC-EC assay of 8-oxo-deoxyguanosine and 8-oxo-
guanine. Proc. Natl. Acad. Sci. U.S.A. 95:288-293).  



They are making progress in reversing some of this decay in old rats by feeding them the 
normal mitochondrial metabolites acetyl carnitine (ALC) and lipoic acid (LA) at high 
levels. In old rats (vs. young rats), mitochondrial membrane potential, cardiolipin level, 
respiratory control ratio, and cellular O2 uptake are lower; oxidants or O2, neuron RNA 
oxidation, and mutagenic aldehydes from lipid peroxidation are higher (Liu, J., Head, E., 
Gharib, A. M., Yuan, W., Ingersoll, R. T., Hagen, T. M., Cotman, C. W. & Ames, B. N. 
(2002) Memory loss in old rats is associated with brain mitochondrial decay and 
RNA/DNA oxidation: partial reversal by feeding acetyl-L-carnitine and/or R-a-lipoic 
acid. Proc. Natl. Acad. Sci. U.S.A. 99:2356-2361).  

Ambulatory activity and cognition decline with age. Feeding old rats ALC with LA for 
a few weeks restores mitochondrial function; lowers oxidants, neuron RNA oxidation, 
and mutagenic aldehydes; and increases ambulatory activity and cognition (as assayed 

with the Skinner box and Morris water maze) (Hagen, T. M., Liu, J., Wehr, C. M., 
Ingersoll, R. T., Vinarsky, V., Bartholomew, J. C. & Ames, B. N. (2002) Feeding acetyl-
L-carnitine and lipoic acid to old rats significantly improves metabolic function while 
decreasing oxidative stress. Proc. Natl. Acad. Sci. U.S.A. 99:1870-1875). 

A recent meta-analysis of 21 double-blind clinical trials of acetyl carnitine in the 
treatment of mild cognitive impairment and mild Alzheimer’s disease showed 
significant efficacy versus placebo (Montgomery, S. A., Thal, L. J. & Amrein, R. (2003) 
Meta-analysis of double blind randomized controlled clinical trials of acetyl-L-carnitine 
versus placebo in the treatment of mild cognitive impairment and mild Alzheimer’s 
disease. Int. Clin. Psychopharmacol. 18:61-71). A meta-analysis of 4 clinical trails of 

lipoic acid for treatment of neuropathic deficits in diabetes showed significant 
efficacy versus placebo (Ziegler, D. (2002) Meta-analysis provides highest level of 
evidence. Diabetes Monitor 2002:6 Kirchheim Publishers Mainz, Germany).  

11.0.4   Supplement summary 

Evidence is accumulating that a multivitamin-mineral supplement is good insurance and 
would markedly improve health (e.g., heart disease, cancer, immune function, and 
cataracts), particularly among low-income, young, elderly, or obese individuals 
(Barringer, T. A., Kirk, J. K., Santaniello, A. C., Foley, K. L. & Michielutte, R. (2003) 
Effect of a multivitamin and mineral supplement on infection and quality of life 2003 A 
randomized double-blind, placebo-controlled trial. Ann. Intern. Med. 138 365–371).  

The caveat is, of course, that too much of many of the minerals (e.g., iron, 
zinc, copper, selenium, and some of the vitamins, such as vitamin A and 
ß-carotene) is toxic, although taking a multivitamin-mineral supplement as insurance 
is not of concern. Mae West’s dictum, "Too much of a good thing is wonderful," does not 
apply to micronutrients. Advice to take a multivitamin always should be coupled with 
advice to eat a good diet, as humans also need fiber, (n-3) fatty acids and other ingredients 
in a balanced diet (Willett, W. C. (2001) Eat, Drink and Be Healthy 2001 Simon and 
Schuster New York, NY).  



As many as one-third of all mutations in a gene increase the Michaelis constant Km (i.e., 
decrease the binding affinity) of the corresponding enzyme for a coenzyme, and therefore 
decrease the rate of reaction. The Km concept may be relevant for mitochondrial aging as 
well as for human nutrition. (adapted from Ames, B. N. (2004) A role for supplements in 
optimizing health: the metabolic tune-up. Arch. Biochem. Biophys. 423: 227–234). 

 

 

11.1.0   Antioxidants and Cancer 

Researchers Highlight What We Still Don't Know About Supplements  
September 5, 2003. I have modified this statement of the American Cancer Society.  

Stroll the aisles of just about any supermarket or drugstore or health food store and you're 
likely to see row upon row of vitamin supplements, including antioxidants. Following the 
advise of others, millions of Americans use these products in hopes of improving their 
overall health and preventing diseases like cancer. Many cancer patients -- as many as 
60% -- also take some type of vitamin supplement in a hopeless effort to boost the 
effectiveness of their treatment. 

A recent review in the journal Cancer Research (Vol. 63, No. 5: 4295-4298) points out, 
cancer patients should be careful about using antioxidant supplements. 
Medical experts don't really know yet whether antioxidant supplements are helpful or 
harmful for cancer prevention and treatment. "...Patients and their physicians should 
certainly discuss their antioxidant usage," writes lead author Harold E. Seifried, of the 
Division of Cancer Prevention at the National Cancer Institute (NCI). 

11.1.1   Research Results Conflict 

Antioxidants are substances that occur naturally in many fruits and vegetables, as well as 
in nuts, grains and even some meat, poultry and fish. Beta-carotene (found in carrots, 
cantaloupe and other orange foods), vitamin E (found in nuts, broccoli and corn oil), 
vitamin A (found in liver, egg yolks and milk), vitamin C (found in citrus fruits and leafy 
vegetables), and selenium (found in meat and bread) are some of the most commonly 
known antioxidants. 

11.1.2   NCI states that no proof exists that antioxidants slow or prevent cancer 

Animal and cell culture studies have suggested that antioxidants may slow or even 
prevent the development of cancer, according to the National Cancer Institute (NCI). 
Allegedly, these compounds may protect cells from damage to their DNA caused by 
oxygen molecules called free radicals. Although free radicals occur naturally as the body 
ages, the damage they do can, allegedly over the long term, lead to changes in cells that 
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can cause them to grow out of control and eventually cause life-threatening tumors. This 
has never been proven. 

It is this apparent and alleged benefit of antioxidants that has prompted many people, 
including cancer patients, to turn to supplements, perhaps in the dying hope that larger 
amounts of these compounds will have an even more protective effect. 

Research into the effects of different antioxidants on cancer has, at best, had mixed 
results. At least one study found that antioxidants may help protect against stomach 
(gastric) cancer, for example. Other research has found no effect on overall cancer risk in 
people who used antioxidants. And several studies have found that 
antioxidants may actually increase lung cancer risk in smokers. 

11.1.3   Many Unanswered Questions 

These conflicting results highlight the problem facing doctors whose patients want to 
know whether to take antioxidant supplements: too little is known about how antioxidant 
supplements actually act against disease. "Antioxidant supplementation may actually 
cause harm in terms of increased risk of new disease or interference with treatment 
of existing disease," Seifried writes.  

For instance, researchers don't yet know how antioxidant compounds from supplements 
interact with those found in foods. Do the supplements boost the actions of natural 
antioxidant compounds, or do they interfere with them? Because different foods contain 
different amounts of antioxidants, as well as numerous other substances that could 
influence cancer risk, it is extremely difficult for researchers to answer this question, 
Seifried notes.  

Researchers also don't know whether some forms of a particular antioxidant are more 
effective against disease than others. Vitamin A comes in three forms and vitamin E in 
two, for instance. Could one form be better than the others for fighting cancer? And is it 
actually the antioxidant action that prevents disease, or do these compounds act in other 
ways that may be protective? Vitamin E and selenium, for instance, may have an effect 
on immune function and apoptosis, a process by which damaged cells self-destruct. These 
compounds may also behave differently in people with different genetic characteristics, 
Seifried writes.  

Dosages pose another problem; too much of certain compounds can be harmful. Too 
much vitamin E, for instance, can cause stomach upset, diarrhea and even bleeding, 
while too much vitamin A can damage the liver and lead to bone loss.  

Antioxidants may also act differently in tumor cells than in normal cells, and doctors 
don't really know which amount, if any, is the right amount when it 
comes to antioxidants given along with chemotherapy or radiation 
therapy. There are even some concerns that antioxidants might be harmful when given 



with cancer treatment because they may help the cancer cells repair themselves. All of 
these questions make it difficult for doctors to advise people undergoing cancer 
treatments and those looking to prevent cancer about antioxidant supplements. 

"Overall, current knowledge makes it premature to generalize and make specific 
recommendations about antioxidant usage for those at high risk for cancer or undergoing 
treatment," Seifried writes. 

 

In fact, a recent report by the US Preventive Services Task Force 
concluded that there is not enough evidence to either recommend for or 
against taking vitamins (including antioxidants) for cancer prevention.  

Until more is known, experts say eating a healthy diet is one of the best ways to lower 
cancer risk. The American Cancer Society recommends eating a variety of fruits and 
vegetables (at least five servings every day), choosing whole grain products over 
processed baked goods, and limiting the amount of red meat in the diet (fish, poultry, or 
beans are better choices). 
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